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25th Anniversary of Birst Nuclear Reactor. At 3:25 P.m. on December 2, lg- 
a team of scientists led by the late Dr. Enrico Fermi first brought the mAe. . 
the atom under man’s control in the world’s first Successful nuclear reactor, 
December 2, 1967, the 25th anniversary of that  event was observed by sunirk” 

members of Dr. Fermi’s team and others interested in nuclear science at 
University of Chicago. As a part  of the observance, President Johnson addh- 

the gathering via television and called upon all nations of the world to put 
atom to work for the peace and welfare of mankind. Because of wartime 

no photographers were present when the Dr. Fermi’s reactor went critical 
achieved a self-sustained chain reaction in 1942. Photo below shows a cubni- 
model of the reactor- “pile” of 57 alternating layers of uranium-contak 
graphite and “dead” graphite. The model is based on the memories of t h e F  
entists who n-ere in the makeshift laboratory beneath the stands of the Enhers: 
of Chicago’s Stagg Field 25 years ago. 

a _  
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THE ATOMIC 
ENERGY PROGRAM 
DURING 1967 

surge toward greater use of nuclear power to meet the Na- 
needs of the future continued t o  be the dominating 

s~gbt of the Nation's atomic energy program during 1967 as 

purhg the year, the Atomic E n e r a  Commission received con- 
F +%ction permit applications for 29 power reactors having a corn- 
-,,d -r generating capacity of 24,287 megawatts of electricity (Mwe.) ; 
zer --w prior-Tear applications totaling 2,356 hfwe. were also under re- 
z a. l i66 there had been 16 reactor applications, totaling 11,626 
lge. The corresponding figures for 1965 were four and 2,557 &$we., 
ac t iye ly .  In  addition, to the plants applied for, there mere 11 other 
-& -. -9 totaling 8,746 Ifwe., actually ordered during the year by utili- 
e. At year's end, another 11 nuclear units with a combined estimated 
tmcity of 9,500 Mme. had been announced but not ordered by utility 
gnaements. 
& o f  December 31, 1967, there were more than 42,750 Mwe. of 

?%an nuchar generating capacity either in operation, under con- 
action, or on order-a capacity comparable to that of the national 

@ diy planing announcements doubled the previous pace-setting 

,&J of 1966. .' 

d distribution immediately before VS70rld War 11. (Appendix 5 
3 z  the nuclear central stations in operation, being built, for which 1 ghations have been received, and on order.) ' Inrecognition of the continuing high rate of commitments to build 
-nuclear powerplants, the AEC revised upward its forecast made 
21966, that there mould be 80,000 to  110,000 megawatts of nuclear 
spscity by the end of 1980. The new projection is for a range of 120,- 
'"'to 170,000 MTe., with the most likely figure near the middle of the 

The implications of this level are significant, both for the 
mercial and Government sectors of the economy. I n  addition to the 
*tibillion dollar annual level of reactor plant sales expected by 

1 
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2 TEE ATOMIC ENERGY PROGRAM IN 1967 

1980, sales of uranium concentrates will probably exceed $600 milli6fb 
and uranium enrichment charges will be about the same amount 
a significant fraction consisting of foreign exchange. Rii; 

The effects of the continuing surge toward reliance upon tho ~~ - 
--u a[( 

to help meet the power needs of the future were widespread, e 
IQi denced throughout this report, there has been a general strengtl 

of the cooperative effort between the AEC and industrial groups 
further enhance the viable and competitive state of the nucle 
industry . 

BILLION IOLOWATT HOURS - 
3000 

2000 

1000 

I 

ENERGV 
SOURCES 

for 
ELECTRIC 

POWER 

1950 55 60 7 0  75 1980 

CONTENTS SUMMARY 

The next 20 pages of this “Annual Report to Congress for 196T 
briefly summarize the contents on a chapter-by-chapter basis. Achiete 
ments being made under AEC-sponsored basic research and develq 
ment (highlighted in Chapters 5 and 15) are described in grak 
detail in the supplemental report, “Fundamental Nuclear Energ 
Research-1967.” 

Thia “Annual Report to Congress for 1967” is available to the public under an d t m  
title, “Major Activities in the Atomic Energy Programs-January-December 1967,” a* 
able from the Superintendent of Documents, U.S. Government Printing Office, WashkW 
D.C. 20402, for $1.50. 

“Fundamental Nuclear Energy Research--1967” is available from the Superinte* 
Of Documents, U.S. Government Printing Office, Washington, D.C. 20402, for $2.50. 

Reenacfnzent of d 
anniversary of thc 
% I .  The first wei: 

an ounce-took 
QhPus, in  Rwni 
mas a part of the 
ddication of ROOG 

reenacted usia 
6s to be almost invi 
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Special Nu el ear Materials 
-*a a d  pup’ 

*&io 
196’7, industry contracted for substantial quantities of 

first time in 8 years, development of new ore reserves ex- Forthe 
the quantity mined. Reserves as of December 31, 1967, which 

4’ r & m d  and sold a t  a price of $8 per pound of uranium con- 
Ndd be ‘ 0 , 0 8 ) ,  were estimated it0 be 148,000 tons of U308. 

@wM e Durmg ‘ 1967, the AEC took steps to provide industry with infor- 
to plan for ‘‘toll enrichment’’ of uranium which begins @% Studies continued on the feasi’bility of future transfer of one or 

$1 

?*;be Atlantic Richfield Hanford Co., a newcomer to the nuclear 
,I,duStV, was selected to perform the chemical processing work pre- 

-ly done by Isochem Inc. at  the Hanford Works in Washington. rim 

During 
concentrate ( U80s) for future delivery. 

&us diffusion plants for private operation. 

-s€: 

ss - g g  h a c t m e n t  of First Plutonium Weiglzing. September 10, 1967, was the 25th 
uversary of the first weighing of the man-made element plutonium (element 67,” a d l -  

ashlngtoa. g 

rln tendeat 
.so. 

The first weighing of a minute quantity--277 rnicrnssuns or ?ho millionth 
;t~f ounce-took place on September IO, 1942, on the University of Chicago 

Uapus, in Room 405 of the George Herbert Jones Chemical LaborabrY, which 
a Part of the wartime Metallurgical Laboratory. During the September 10 

urntion of Room 405 as a National Historic Landmark, the historic weighing 
reenacted using an ultramicrobalance constructed out of quartz fibers SO thin 

ahos t  invisible. 
284-47-a 50 1 o 198 
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THE ATOMIC ENERGY PROGRAM IN 1 9 6 7  4 

PROJECTED GROWTH OF NUCLEAR POWER 

(MEDIAN ESTIMATE FOR DOMESTIC 
AND FOREIGN REACTORS FUELED 
WITH U. S.-ENRICHED URANIUM) 

U. 5. TYPE REACTORS ABROAD 

AEC withdrew, during the year, from the routine production artC 
sale of one more radioisotope, strontium 87". This brings the total to E 
radioisotopes which are no longer produced by AEC since the k, 
withdrawal in 1961. At year's end, the ,4EC proposed its 
from cobalt-60 production and sale. The Conimission's establi& 
policy is to pass these activities over to the commercial sphere of 
economy when commercial capacity exists, the charges are reasonabk 
and the quality is in keeping with the purchaser's needs. Several Bet 

radioisotopic products became available from AEC in 1967 : iodine.ps 
tungsten-188, and high specific activity (1,000 curies per 
iridium-192. 

- 
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ds and Materials Management 
gafegua' , To strengthen its program for deterring and detecting diversions 
. materials to unauthorized uses, the Commission at mid-year 

itf ted tv0 sigid%Xnt organizational changes. These included the es- 

international saf e p a r d s  programs and the establishment 
egulatory division to administer saf e p a r d s  fo r  materials 

Zdtq IlisbmeI1t of a nevi- office Kith overall responsibility for AEC's na- 
-I 

dona1 
t n  ne% r 

Tnenty-five underground nuclear weapons-related tests were 
,*need during 1967. Experimental techniques in underground om 

(r continued to be improved to increase the value of the tests as 
~ tool for nuclear weapons development, weapons design, and effects 
€&h 

Tn mid-196'7, a program of modernization and expansion of weap- . . .  - -  
OB production facilities was announced. Additional facilities, occa- 
G0ned by the decision in October 1967 to deploy an anti-ballistic mis- 
de (nBX) system, will be required and are being evaluated. The 
;ddit,ional requirement mill become a part of the already authorized 
ymjat,. These will provide the facilities needed to produce new 
ereapons systems required by the Department of Defense. 

0 Hot Creek Valley in central Nevada and Anichitka Islaiid off 
,i]&a, m-ere selected as locations for possible use as supplemental, 
;irher-vield "j Y underground testing sites. 

0 Eight AEC-instrumented nuclear test detection satellites are per- 
forming functions related to the limited nuclear test ban treaty. Im- 
prorements made in the detector systems and earth-orientation of the 
it& satellites now make possible the recording of optical and elec- 
tromagnetic radiations from atmospheric nuclear detonations. 

Naval Propulsion Reactors 

0 Congress has authorized 107 nuclear-pom-ered submarines, in- 
*luding 41 of the Polaris missile-launching type and one deep sub- 
zergence research vehicle, and eight surface ships. 

0 The  400th successful Polaris submarine patrol was completed 
aa€ay 196'7. The WiZZ Rogers, last of the presently planned fleet of 
41 Polaris submarines, deployed on her initial patrol in September 
:%;. 

0 The aircraft, carrier Enterprise and guided-missile frigate 
E&dridge - completed their second Yietnam deployments, and the 
J:!  j t j2 I f  I , 



6 THE ATOMIC ENERGY PROGRAM Ill 1967 

ultima' e Operati, 
eQllst, .* lhLe ship. 

Of, T h e y  %* 

guided-missile cruiser Long Beach completed her first. Th 
of these nuclear-powered surface ships continues to 
under actual combat conditions, the tactical flexibility and 
for independent action as a result of virtually unlimited 'WGitit- -% = 

at high speeds provided by nuclear power. en'urab,= f f r jpt f iy  5' 

Calcined Waste Product. At the National Reactor Testing Station in Idaho, tk 
highly radioactive liquid wastes generated during the reprocessing of irradh.tc6 
nuclear fuels for uranium recovery are  being treated in a Waste Calcirw 
Facility ( W C F ) ,  using a fluidized bed principle. The granular solid prod- 
which is compared with 8 pencil point in the inset picture, routinely is a h  
one-tenth the volume of the liquid feed, as illustrated, and is sent to staid* 
steel bins in underground vaults. By mid-November 1967, the WCF had con& 
into the safer solid granular form 1.33 million gallons of highly radiott&Ve* 
rosive liquid wastes from the reprocessing of aluminum-type reactor fuels as 
that date, the WCF began calcining radioactive liquid wastes from z h d *  
type fuels. The TVCF, which started operation in December 1963, is the w ~ '  
k s t  and only production-scale facility which converts the highly 
aqueous wastes from nuclear fuel reprocessing into solids for long term 
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dt&ate objective of developing cores that will last the lifetime 
cfie 
gf) The Tpuxtzcrt, the Navy's second nuclear powered guided-missile 

was commissioned in May 1967 and joined the operating fleet. 

be ship. 

tt;pt& 

Development and Technology 
g@acfo' , The continuing decisions of utilities to build nuclear powerplank 

&st,ed in the startup in 1967 of the 430-Mwe. San Onofre Nu- 
@ Gaerating Station at San Clemente, Calif., and the 462-Mwe. 
''@ecticut Yankee Atomic Power Plant a t  Haddam Neck, Conn. 

are the first reactors of the larger-size light water central @fl 
Tbase &ion nuclear powerplants to  go into operation; however, most of 

hf water reactor plants scheduled to  go into operation after 1967 &e lig 
in size from 500 to 1,000 Mwe. IaF Further improvement of light water reactors is being carried out 

the nuclear industry and electric utilities; Government emphasis try 
c now placed on continuing nuclear safety programs, improving fuel 
&ahion through plutonium recycle, and developing engineering 
mdards, practices, and procedures applicable to nuclear operations, 

e Emphasis in the AEC reactor development effort during 1967 
-on the liquid metal fast breeder reactor. It was a year of prepa- 
ration of detailed program plans which can be used by the AEC 

industry for integrated development effort, and it mas a year 
Thichsaw a greater involvement of the industry and the AEC labora- 
:o+.s in the fast breeder program. 

o Development efforts continued on other reactor concepts which 
m fuel more efficiently than the present commercial light water re- 
rctors: the high-temperature gas-cooled reactor, the heavy water m d -  
mted and cooled reactor, the molten salt concept, and the light water 
kder reactor. 

@ The AEC initiated action to terminate the arrangement with 
(hecity of Piqua, Ohio, for operation of the 11.4-Mwe. organic cooled 
Piqua Nuclear Power Facility. 

0 The combined use of nuclear energy for the production of elec- 
f  city and process heat took a major step forward in 1967 with the 

%@ng of contracts between the participants and placement of orders 
hr Certain of the plant components for the Bolsa Island Nuclear Power 
&XI Desalting Project. This large, dual-reactor electric and desalting 
Pht to be located on a &-acre man-made island off Huntington u, Calif. 

-. ? , -  
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r -  

Xcw Nztdear Power. When these photos were taken, the Nation’s two neFs 
nuclear central station powerplants were generating electricity. The 46!&&, 
Connecticut Yankee Atomic Power Plant (above) a t  Haddam Neck, Corn, 
commercial operation in August 1967 ; and the San Onofre Nuclear Generat& 
Station Unit 1 (below) at San Clemente, Calif., produced its first electridtf 
in July. 
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Plutoniunz-244 Sample. In photo at 
7eft a Los Alamos Scientific Labora- 
tory technician is shown unpacking 
1.5 milligrams of highly enriched plu- 
tonium-%ne-fifth of the world’s 
known supply-in May 196’7. This ma- 
terial, produced in the Oak Ridge &-a- 
tional Laboratory’s High Flux Isotope 
Reactor (HFIR) ,  is being used as a 
target to produce other nuclides in 
order to determine their energy and 
decay schemes. The sample material, 
in the shape of a ball, would be only 
slightly larger than one of the periods 
on this page. Photo 8eZm shows 
“spent” fuel elements stored under 20 
feet of water in  the HFIR clean pool. 
The brightest elements (1 and 2, rear 
center) were operated at full power 
(lO0,OOO kw.) for approximately 22 
days and were removed from the re- 

rosimately 48 hours before this photo was taken. The tn-o cylinders, left &or aPP 
,,element one and right of element 2, are reactor control plates. Since first reach- 
, l~,m thermal Bn-. in September 1966, the reactor has operated 75 percent 

3% 
*t 
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licensing and Regulating the Atom 

The rate of applications for authority to construct 
‘luclg 

Ctorsk I 

irlb 

powerplants accelerated in 1967. Twenty-nine new power rea 
proposed to the AEC by utilities. Kearly two-thirds of theQ a.- ‘4 

scheduled for operation by the end of 1972, and all b 9 19744.- trend toward multi-unit stations continued. Seven rewtom - FL 

ant c. 1,050-1,065 Mwe. range were proposed, pushing the average pl 
h& 

0 The AEC issued construction permits for 14 nuclear poaE, 
plants during the year, as compared with the five p e a t s  6 
in 1966. The AEC had under review at year’s end proposals for 

25,290 Mwe. -*  

y e* sion and realignment of the regulatory staff to streamline lice%* 
functions and intensify development of siting and design c~t6A 
Action was taken on several special regulatory review panel reooa, 
mendations. Progress mas made in developing reactor safety criteq 
standards, and codes, with cooperation from industry and profpsi& 

Safety and Licensing Board Panel assumed their duties in 1967, 
e Hearings by the Congressional Joint Committee on Atomic E. 

ergy on the licensing and regulation of nuclear reactors focused,, 
the problems faced by industry in scheduling, and the AEc in ap 
proving, nuclear facility projects. 

The two nuclear energy liability insurance pools, under tk 
retrospective rating plan, refunded to policyholders a substaG 
portion of the first premiums paid for such insurance in 1951, refla- 
ing the excellent safety record of the nuclear industry. 

0 Louisiana and Arizona entered into agreements with the AE..gc 

assume certain regulatory authority over nuclear materials, briq- 
ing to 17 the number of States in the AEC’s State regulatory agreemis 
program. Colorado is scheduled to enter into an agreement early in 1s 
and several other States were moving toward similar agreemen& 

The AEC simplified some of the materials licensing p r d m  
and again had its radioisotopes licensing procedures under rerieff 
the light of independent review panel recommendations. 

The first Bureau of Labor Statistics survey of injury frquW 
and severity rates for the private sector of the atomic energ? 2 

dustry showed the work-injury experience to be better than the m: 
age for all manufacturing industries. 

for this year’s applicants to more than 800 Mwe. 

additional 31 nuclear plants representing a potential Capacity k ~~ 

0 The reactor regulatory process was further improved b 

al groups. The permanent chairman and vice-chairman of the Ato& s- 
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fl+jionai SafW 

U C  and its contractors had the safest mar in the L4EC?s 
historj' in 1967, according to p r e h i n a r y  statistics which 
Tailable after the end of t,he year. The prei-ious record vear 

1966. Early in 1967, the AEC was presented the National S&ety 

,&EG-U.S. Public Health Service agreement was reached 
tine measurement of radon levels around mill tailings in the 

iuDl producing States. New AEC labratory-developed tech- 
e in use to overcome technical difficulties in radon mensure- 

for public health purposes. 

$P 

@+:tc@ 

@ d3 LLAward of Honor" for the fifth consecutive year. 
(= '  

# The 

;;El0 * 

@ A n  

&@ ** 
you 

@ 

#B 

ZGfw PoZEution A?zaZyses. A new technology has been developed at the AEC's 
&Ridge (Tenn.) Gaseous Diffusion Plant to sharply se-mrate and concentrate 

ZFC constituents of natural waters and to determine the quantity of pollutant 
=&may be associated with each. Of especial interest is the manner in which 
&Qtants are concentrated, transported in waters, and how they may enter the 
'24 chain of man. High resolution, continuous-flow centrifuge rotors and seals, 
ssWrated above, hare  been dereloped to separate from a large water sample 
%YS (two inserts in t o p  r o w  of picture), algae (unusual algal scales in two 
*gE!.center inserts), bacteria (Eower r ight ) ,  minerals, class, and dissolved 
@*nwS. While this technology was first dereloped for investigations of water 

by radionuclides, it is nom also being applied to investigations of 
ical (viruses) pollutants and water treatment 
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Nuclear Rocket Propulsion 

Substantial progress was made during 196'7 in the joht 
NASA nuclear rocket program which seeks to estab] ish a firm -Qc- b* 

for 70 minutes, of which 60 minutes was a t  full design powr of % 9 

of technology to provide an advance in space Propulsion 
ance for  missions following ,4pollo. PWQk 

was operated 
0 An experimental reactor called the Phoebus-lB 

power levels approaching 1,500 megawatts (thermal) for 30 Illin&% 
at the Nuclear Rocket Development Station (KRDS) in xevak* 

The sixth in the series of hTRx reactors ( XRX-L46) was OPe 

Gaseous Waste  Disposal Test. An experiment was begun late in 1905 8! fs 
AEC's National Reactor Testing Station, Idaho, to test the feasibility of n G z a  
the lithosphere fo r  disposal of gaseous waste that otherwise might pollak rs 
atmosphere. One niillion cubic feet of air containing 1,000 curies of remG 
was injected into a porous zone in the basalt rock 120 feet below land e 
Nonitoring wells at rarious locations surrounding the injection well are d@ 
SO that air  samples can be withdrawn at selected elevations. In addition. EA- 
can be collected a t  the atmosphere-lithosphere interface and from the amc* 
to determine the flus of the introduced gas from the ground and diffusi@cs 
boundary layer of the atmosphere. 
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- 3 n d s ”  for  Space USC.  Tests to investigate the feasibility of using “mechanical 
ais‘* in space are being carried out by agencies of the Kational Aeronautics 
ra Space Administration and AEC’s drgonne R’ational Laboratory. I n  photo, a 
x k 4  crew equipment development engineer performs a series of carefully 
med tasks-ranging from “easy” to those requiring considerable manual des- 
*T-using Argonne-designed master-slave manipulators. The manipulators 

originally devised for handling radioactively “hot” materials and equip- 
*L The “slave” arm of the manipulator duplicates the operator’s movements, 
*ing him to perform many of the operations normally done directly with the 
a hand. The prototype space suit is pressurized to 3.7 pounds per square 
& This is the pressure it will be required to maintain in the vacuum of space. 

si; 1 3 2 0 9  
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proximately 1,100 megawatts, thermal. This duration at design 

The first ground-experiment a1 engine, u cold-flow assembl 
the m C F  was installed in the new Engine Test Stand 

was twice that achieved in any previous nuclear rocket test. rJ%+ 

(ETS-1) at  KRDS to verify that ETS-1 is ready for  “hot). ter ; 
erp., testing in 1968. LW 

. Specialized Nuclear Power Units 

0 The AEC continued testing nuclear power units for pofti;* 
space use in the 1 9 7 0 ’ ~ ~  developing a t~b010g+y for long-lived 

life-limiting problems in a ground test unit of the SNAP-ioA 

and isotopic systems that will supply up to 50 kilowatts of electri,;, r@% 
-ah8 ; 

it had operated in a simulated space environment for 417 day, 9 ab Th 
500-watt electric SNAP-lOA (orbited in 1965) is the only reachr ar;b .f 

0 A post-operation examination completed in 1967 

that has been operationally tested in orbit. 4 

cr7 
u - 
3 
ru - 
0 

Lunar Sampler .  In this artist’s concept, a n  Apollo astronaut prepares to 
lunar geological samples in a special container designed and fabricated 8: * 
AEC’s Oak Ridge Y-12 Plant for the National Aeronautics and Space A m  
tration. Two such containers will be taken on the first moon voyage. In fm 
ground is a closeup of one of the boxes. At right are two cylindrical c a n w  
designed to contain a small quantity of specimens under very high vacuum @ 

tions. In  background, the lunar excursion module awaits its rendezvous witb * 
orbiting command module in space. 
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,bricat;on of a second-generation SNAP-8 reactor was under- ’ ’ 1967. SNAP-8 and SNAP-10A4 class reactors are pot.entially 
ower levels ranging from 1 to 50 electrical kilowatts. 

8‘’ s ~ o - 3  isotopic power system has been operating in orbit ‘ stam was launched aboard a navigational satellite in 
has already operated for a year beyond its design life, and 

=$l. 

* m8Veral terrestrial isotopic power units have had exbnded periods 
, ssful operation. SNAP-7C has been operating at  a U.S. Navy 

dation in Antarctica since February 1962; SNAP-7D has 
- - f u ~  withstood major hurricanes since installation on a float- 

nmther barge in the Gulf of Mexico in January 19M; and 
7~ has been operating at a depth of 15,800 feet in the Atlantic 

e Fork continued on the development of a plutunium-fueled micro- 
rdiac pmmaker to aid in the treatment of ‘&he& block,” a 

tivelv common disease that causes interruption of the normal 

$q. ifl 

+* tbe s9 

f 1 for P 

- Grcled the earth 35,000 times. 

4 3  
_I 

& 
4 

&@- 
w 
r0tt.a 

&ujation of the heart beat. 

since July 1964. 

n18 

 pic Radiation Applications 

8 Five irradiators were scheduled for temporary loan to several 
countries in support of food irradiation research projects. 

&uragement of such programs by the AEC has resulted in substan- 
~ ~ c h a n g e  of information and scientific data. More than 50 coun- 

a S r  pollution abatement objectives mere supported by a new AEC 
are nom actively engaged in food irradiation research. 

m m h  project using stable sulfur isotopes in studies of the source, 
titie, and dispersal of stack effluent from metropolitan fossil-fuel 

4 During 1967, t,wo alpha-particle probes were landed on the moon 
%Surveyor V and VI spacecrafts as part of a NASA program to 
mrmine the miners1 composition of the moon’s surface. 

h Plowshare Program 

ee 

industria1 plants. 

0 Project Gasbuggy, the first joint industry-government Plow- 
%@ experiment was conducted on December 10, 1967, to  investigate 

use of an underground nuclear explosion to increase productivity 
KeW Mexico natural gas field. 

5 0 1 0 2 1  I 
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( 6 )  Sloop, a-hich would investigate the use of nuclear 

-I . to prepare copper ore bodies for solution mining tech- 
is!lJo'lo~& ( e )  Bronco, -ivhicli proposed the use of nuclear explosions 

JANTJARY-DECEMBER 1 9  6 7 

,,lr.al gas; 

oil shale strata for subsequent in-place retorting of the oil. I,& U P  
;kj 4a'J 

*> 

+ion01 Cooperation Activities 
@flu 

~ C ' S  international cooperative program to promote the 
ent of the peaceful uses of atomic energy continued to ex- 

Sipificant exchanges of technical nuclear information mere 
Pd' ed; and the groundwork was laid for future cooperative ef- .3re10P **I fie Commissioners, individually and collectivelF, participated &rt 8 gmgtbgs or discussions in 30 foreign countries. 

emats for Cooperation m-ere amended or extended to pro- 
@ -w the assurances covering long-range reactor fuel supply required 

tber planning nuclear power programs. The first long- 
@ ' contract for toll enrichment services, whereby privately om-neci 
d u m  mill be enriched in uranium-235 in AEC facilities for a 
&ice charge, was signed with a Swedish electric utility. 

U.S. continued its cooperative e,ffort x i th  the International 
Energy Agency (IAEA) , to assure against the diversion of 

,dear materials and equipment from peaceful to  military uses. IAEA 
tors, for the first time, inspected a commercial chemical process- *P 

%plant in the U.S. 
0 hternational studies on the use of nuclear power reactors for 

.hitkg water continued during the year. A previous U.S.-Israel 
dF vas revised to include a larger-300-RI-ive. and 100-million-gal- 
&per-day capacity-plant for operation in Israel in 1975. The 
[~.-LiEB-Mesica.n nuclear study group is expected to complete a 
qat on the feasibility of a large nuclear power-desalting plant on 
SGdf of California during 1968. 

4 India began studies, based on work done a t  the AEC's Oak Ridge 
!Zonal Laboratory, on the use of nuclear energy centers in associa- 
a Ki th  industrial and aL,aricultural-indusrial complexes. 

As of mid-106'7, the -4EC had distributed abroad through sale, 
and deferred payment sales, special nuclear and other materials 

xh approximate value of $266.4 million, resulting in revenues to the 

4 Tho 
+&P* 

t' 

a 

,u 

ted States of $171 million. 

aomatio na 1 Act iv it i e s 
- z ' The first step in a planned reorganization of arrangements for 

zc"ernational exchange of nuclear technical reports was completed 
&:-' establishment . of a European reports clearinghouse in England. 
-''lh0nal regional clearinghouses are planned in other areas. 

5'11 n 2  12 
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0 An Aerospace Nuclear Safety Center was established 
*4EC’s Sandia Laboratory, Nbuqnerque, 37. Alex. ; :L Shock 
Data Center began services to the scientific community from 

WergF S u  
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Four Film Chips-Enough for a Dictionarg. The complete text of the om 
6-inch dictionary can be recorded on the four pieces of high-resolution W 
graphic film, called chips, shown in the girl’s hand. Chips such as these are= 
to store a trillion bits of information in the world’s largest computer s t@W 
device built for the AEC by International Business Machines Corp. Storing* 
data by conventional computer methods would require more than 1 bill@ 
punched cards, enough to reach around the world four times if laid end 
The mass storage system is now installed at the Lawrence Radiation Labon* 
in Livermore, Calif., to provide large volumes of data automatically to a 
of computers. ~ 

f 

I 

t 
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@3. 
;,le * office of industrial cooperation was established during the # Aknew 

Snndia Laboratory, Albuquerque, x. R1Ies. Its function, simi- 
of the previously established offices at Argonne and Oak &lr 

to 
. N&onal Laboratories, is to encourage the commercial use of 

pdpd8veloped technological innovations. 
fiG vised and enlarged third edition of the “Source-book 0 1 1  

0 A re 
j1DID , The me's “Atoms in Action‘’ Nuclear Science Demonstratioil 

ters were visited by more than 450,000 viewers and participants &a ,, I-montli presentations in Ankara, Turkey ; Panama City, Pan- iarin, ‘J‘ehrm, Iran;  and Quito, Ecuador. A special exhibit, “Nuclear 
in Space,” was presented during the Paris *4ir Show. AEC 

&;bits in the U.S. drew a total audience of more than 4,800,000 

ic Energy’’ was published. 

,mns* 
* a The AEc’s public information staff continued its meetings with - . . .  6utitTes of utilities planning nuclear powerplants, to discuss avail- 

informational materials for local public education programs ; 
taring 1967, there were 13 such meetings with utilities. 
4 rile S C ’ s  10 domestic film libraries loaned films on atomic 

SrG subjects for a total of 109,499 showings. Nineteen new motion 
dum were added to  the film libraries during the year. AEC films 
& used widelx on television networks and through local channels. 
4 TVO of the AEC‘s new films-“Atomic Power Today-: Service 

Safety,” and “Brookhaven Spectrum’?-were selected for inter- 
stional Gold Eagle Awards by the Council on International Non- 
&tried Events. 
0 .i comprehensive and thorough survey of AEC classification 

&J- T T ~ S  completed during 1967. The AEC and the reviewing com- 
i&w found that some classified areas of inforniation could probably 
P declassified. Some have since been declassified and the national de- 
c:se and security implications of declassifxing the others are being 
.ridered. Since the beginning of the declassification program in 
%. &tO?OOO documents have been made available on an unclassified 

@ The AEC was granted 301 U.S., and 428 foreign, patents dur- 
to industry and science. 

t*t PCL 

) O f l t @ T  
[le:warL hf 

7 the year. Eleven public announcements were issued by the AEC 
a% new U.S. and foreign patents. The Commissioner of Patents 
~:-’-rred 921 privately o m e d  patent applications in the atomic energy 

- .  =- 
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field to the AEC for review; 35 nonexclusive licenses 
on tlie u.S. patents available for licensing. @ar,g, 

Continuing research and developmelit declassification 

year earlier. - r  

brought a decline in the number of access permits; there ~ e t . F  a ' 

access permits in effect on November 30, 1967, compared - i  
0 .p 

Nuclear Education and  Training 

During 1967, the AJ3C continued to broaden the base of nutL knowledge and technology by providing assistance to studcnb: ; 
ulty, and institutions of learning. Increased emphasis 175s ~ 

tG[. 

growth of the nuclear power industry prompted an intensified = 

use of AEX laboratories for training purposes. The =e 

tempt to  evaluate the future needs for inanpower and the trair-- r 
4-* 

Antiquity Study. A student working on her Ph. D. thesis study in the fiddc 
physical anthropology is shown discussing a technical problem with her adt* 
at  the AEC's Health Serrices Laboratory at the Kational Reactor Test.&s 
tion, Idaho. The work is being sponsored under a graduate fellowship a g m  
between the AEC and the Associated Western Universities. Samples of IXIIIEZ 
hair  obtained from the Nubian Sudan civilization, circa 350 to 1300 ADT e 
irradiated nondestructively with thermal neutrons in an NRTS test reactor. ?s 
actirated trace elements identified in the hair by gamma spectrometv @' 

studied to determine the environmental conditions, disease, and diet Which IF- 

peculiar to that civilization. 

5 3 1 3 2 1 5  
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djti& r equired to meet them. Additional emphasis was put upon 
b-le~7el assistance, and programs mere adjusted to meet the 

dll% 
S 
P 6ing needs in the field of atomic energy. 
'$1113 

@-sponsored basic research in the life and plrysical sciences 
to provide new information of value not only t o  nuclear 
but useful to other branches of science as well. 

@oloastanford 4 The Linear Accelerator Center (SLAC) was dedi- 
September. The two-mile long linear electron accelerator had 

into operation in 1966. Physics experiments already underway 
,ge anded during 1967 to new areas with the first operation of 
q u ~  @inch hydrogen bubble chamber. 

;$ * , Construction of a 12-foot liquid hydrogen bubble chamber a t  
me National Laboratory as a major addition to  the Zero Gra- 5 synchrotron will provide scientists with a highs sophisticated sl cent for high energy physics investigations. 
Construction was completed on three new biomedical program 

Mr%t,oria in 1967. These were : a single-sto9 virus control facility at 
Ridge Kational Laboratory ; an addition to the AEC-National 

Institute co-carcinogenesis laboratory at  Oak Ridge; and a 
dose-rate irradiation facility a t  the University of Tennessee- 

gc &ricultural Research Laboratory. The latter is expected to con- 
-&te to large-animal research projects having applications asso- 

' @led * &? 

din 

&?e exp 

e 

s 

vith human radiobiology. 

a Throughout 1967, the AEC continued to cooperate and communi- 
* n th  industry through frequent meetings with leaders of industry ! miations having active nuclear energy interests. The Commission- 

2 - %met with the Board of the Atomic Industrial Forum twice. These 
h a 1  exchanges were complemented throughout the year by meet- 
-3 -w between Forum committees and the AEC staff. Through such 
wings, the objectives and i-iewpoints of industry and the AEC are 
rten consideration. 
8 -bong the other industrial groups with which the AEC met dur- 
; 1967 are the Edison Electric Institute, the Chamber of Commerce 
ih U.S., the Manufacturing Chemists' Association, and the Ameri- 
Public Power Association. * During 196'7, the AEC urged industry to register with the Science 

Zf'Jmtion Exchange (SIE) of the Smithsonian Institution its 

t AD. -XI** 
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planned research and del-elopiizent in the fields of isotope 
and radiation. The SEC, SIE, and industry worked 
reporting system believed to  be inf ormatire wit.hout reveslk"r 
prietary information on work going forward in specific 

aPpliQt.= .._ 
cat% 

OmPanip5 

e '  - ~ 3 -  

Administrative and Management Matters 

a An employment surre7 shows that atomic energy industrial a.. 

Some 429 industry units reported a Mal Of 35,457 employe in :; 
atomic energy field as of March 1967-a 4-7 percent hcreGe . 

March 1966. Contractor einployees in 69 reportkg units of G~ 
ment-owned establishments totaled 102,293-a decrease of 0.8 
during the same period. 

ities in the private sector of the American economy am 1.; 

@"Pan$r, 

0 The AEC's assistance in diversifying the economic base of r-  

Q% 

and also will build a resort and convention facility. Three neR d; ~ 

sification commitment facilities-the first four buildjnG of Bz 
telle-Northwest's planned research complex, Douglas Aircraft., r_ 
research center, and an International Telephone and Telegraph inrc 
ment plant-were opened during 1967. 

0 The AEC's South Albuquerque Works at  Albuquerque, s. ife 
mas transferred to the U.S. Air Force for production of jet el, 

parts by the General Electric Co. 
Progress leading to an employer-Federal-State record: 

reports system for radiation-workers continued. 
e The small business share of AEC subcontracts was more & 

43 percent during 1967; it remained above 40 percent for the IJ 
consecutive year. 

Richland (Wash.) area continued. A replacement contractor (Atl %? 

Richfield Hanford) plans a meat packing and cattle feedlot 

4E-E 
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Tile uranium industry’s outlook continued to brighten during the 
3nd the industry purchased larger amounts of uranium concen- 

he t. 
for future delivery. For  the first time in 8 years, developments 

reserves exceeded the tonnage mined. The utilities industry is 
l-,tf in better position to decide on fuel supply arrangements for the 
Ffltor~ planned for  the next few years as the A4EC further imple- 
flted the 1964 Private Ownership Act by making available ad&- 
,,Dsl information on planned “toll enrichment?’ arrangements. Pro- 

&on of nuclear materials for defense needs continued to be reduced 
daer.hat, but production of “peaceful use” radioisotopes continued 
..* 3drance. 

Ll* 

SOURCE AND 
SPECIAL NUCLEAR 
MATERIALS 

Because of the surge of nuclear poverplant orders, the uranium 
Awry during the year greatly increased its exploration activity and 

3 i 4 m  reflect some cliange from other years which were marked by 
over the adequacy of the short-term commercial uranium 

9 5 zirket. 

p B zdertook some expansion of mining and milling facilities. These 

Q ~ URANIUM PROCUREMENT 

3 

3 

- - - 
5 - 

- ’ ~ r h s e s  of uranium concentrate (U,O,) by the AEC during 1967, 
3 c h m  domestic production, were 1,037 tons less than in 1966. The 
s I QQmts were: 1966--8,487 tons; and 1967--8,450 tons. Table 1 lists 
p z*mnium concentrate producing plants currently in operation and 

5 

- 
i; ii 

~ 
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the estimated tons of U,O, in concentrate remaining to b 
as  of December 31,1967, under AEC contracts witending t 

TABLE 1.-URANIUM CONCESTRATE PRODUCIXG P L - ~ N T ~  

p- ~ 

Company under AEC contract Mill location ti,<::= Und,, 

- - - - _ _ _  Anaconda- _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _  Bluewater, N. Mex __- -_  --  ------__. 

Atlas Corp .__________________________________ Moab, Utah ____--_--___--.--._______ 

Federal-Radorock-Gas Hills Partners _ _ _ _ _ _ _ _  Fremont County, %I’yo.-. --- -_-______.__ _ _ _  
Homestake-Sapin Partners _._.______.__._..__ Grants, h’. &lex _ _ _ - _ _ _ _ - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Kerr-11ZcGee Corp ___________________._______ Grants, N. Mex __- - -_ -_  - ----_______.____ 

Union Carbide Corp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  Natrona County, Wyo_--- --_______.___ 

Union Carbide Corp ___._____._____._________ Rifle dE Uravan, Colo - _ - _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _  
United Nuclear Corp ________________._______ (Ores treated in Homestake-Sapin mill) _ _ _ _  
Utah Constr. & Mining C o  _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _  Fremont County, H’yo _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Foote Mineral Co ._____._._____._____________ Shiprock, N. Mex __-- - -_-_-- - -_____________ 
Western Nuclear, Inc _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jeffrey City, Rye------------- - - _ _ _ _ _ _ _ _ _ _ _  

- - _  

- - _  
-._ 

- _  

-- 

Other producing companies 

American Metal Climax __._________-_-_______ Grand Junction, Colo. 
Mines Development Co., Inc _ _ _ _ _ - _ - _ - _ _ _ _ - _ _  Edgemont, S. Dalr. 
Petrotomics Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carbon County, Wyo. 
Susquehanna-Western, Inc .____-____.________ Falls City, Tex. 
Cotter Corp ___________._____________________ Canon City, Colo. 

Industry Procurement 

Throughout 1967, reactor manufacturers and electric utilitr cm 
panies were active in contracting for  their future needs for uraniu;r 

Estimat 
1967, rem 

F3imated r 
Estimated r 
Increase in 
Shipments I 

* Reserves 
keladhg est 
S m f i O l l B  tb 

U .  S. NUCLEAR POWER U, 0,REQUIREMENTS 
AND PURCHASE COMMITMENTS 

/ In add 
stockpiles 
total at tk 

New Rest 

Appror 
estimated 
1959 that 

1967 1970 1975 
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1968 _ _ _ -  - - - - - - - - - - -  4,900 
1969 _ _ _ _  - - - - - - - - - - -  5,000 
1970 _ _ _ -  - - - - - - - - - - -  5, 900 
1971 _ _ _ _ - - - -  - - - - - - -  7, 200 

25 

1972 _ _ - _ _ _ _ _ _ _ _ _ _ _ _  7, 900 
1973 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6, 200 
1974 _ - _ _ _ _ - - _ _ _ _ - _ -  4,400 
Later _ _ _ _  - _ _ _  - - _ _  - - 4, 200 

I .  roduckg companies, as a group, added substantially to  2 ~ -tic P 
3 :*’~‘lD 1 commitments previously reported in 1966. The total tonnage ‘ I9Tf i  I ”  a ,tots contracted for by domestic buyers during the year with the 
Q .’f,Oa 

~ _. of delivery mere approximately : 
*rJ 

ORE RESERVES 
EThated U.S. uranium ore reserves at the beginning and end of 

+;;, moverable at $8.00 per pound of U,O, in concentrates, were : 

Contained 
Tons of ore Percent Us08 tons U10a 

:+-;atedreserves Jan. 1 1967 _ _ _ _ _ _ _ _ _ _ _  61, 000, 000 0. 23 141,000 
lzaated reserves Dec. 31, 1967 1 _ _ _ _ _ _ _ _  64, 000, 000 0. 23 148,000 

*I -mats t o  mills in 1967 _ _ _ _ _ _ _ _ _ - _ _ _ _ _  5,200,000 0.21 10, 700 
*&ernes available at up to $10 a pound of UoOe are estimated to be 310,000 tons, 

z d n g  estimated production of 120,000 tons of byproduct from copper and phosphate 
-sloons through the year 2000. 

ZZBR in estimated reserves _ _ _ _  _ _ _ _ _ _ _ _  3,000, 000 0. 23 7,000 

h addition, there were approximately 3,550 tons of U,O, in ore 
%&Tiles, and 4,580 tons in process and finished product, making a 
3; at the mills of 8,130 tons of U308 at the end of the year. 

Reserves Exceed Production 
- 
i 5 * .  $Proximately 17,700 tons of contained U,08 were added to the 
- Fmted reserves during the year. This was the first year since ’ z2 fiat additions to ore reserves exceeded the quantity mined. Most 
; 5 9 1 0 2 2 0  
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of the increase in reserves, as well as some new discoveries 

mates, have been in the h o r n  uraniuin producing areas and . %: 

to existing production facilities. Sereral of tlie incomplete1 p’Lub Y eralu2. 
discoveries appear significant and will undoubtedly add substlntipi I 
to reserves when their extent is fully known. A longer Nriod ~ ~ i ! ~  .I 

required before exploration in nevi- areas which is nom in th *:€ 

stages, can be expected to add materially to known reserres e init:. =- 

not yet been sufficiently evaluated to warrant lliclusioll in resepvt, b7* 

New Sources 

Results of pilot plant work by the U.S. Bureau of Mines in coole~ 
tion with the Kennecott Copper CO. at  the company’s Utah mine, [’- 
supported by the AEC, indicate that uranium may be recovered frr, 

duction rate is limited, it could exceed a thousand tons of u,~, conce- 
trate per year. In addition, the rapidly increasing rate of prductim 
of high analysis fertilizers from phosphate rock processing, mainly - 

source of byproduct uranium for tlie future. 
I n  1967, exploration drilling amounted to  approximately 11 millie, 

feet, far  exceeding 1966 and earlier reported plans of the industry. 1:- 

copper mine waste dunip Ieacliing solutions. Though the potent’ 
-% - 

la1 11: ~ 

Florida, appears to represent an increasingly important potenti . e  

lXew Sources. Exploration activities for new sources of uranium ore were * 
greatest they’ve ever been during 1967-eren surpassing the prerious peak P 
of 1957. Photo shows three rotary drilling rigs, exploring for and develoF4 
uranium reserves in the Shirley Basin of Wyoming. The heavy trend toward ~ 2 %  
cuclear reactors for electricity generation, which started in 1966 and gained e* 
greater impetus during 1067, has shown the need for greatly increasing thekER; 
uranium ore reserres to meet future nuclear fuel requirements. 

DRILLIY( 
IS  MllllOh 

fEfl 
I4 

I3 

1 



27 
from industry to inquiries regttrding drilling plans indicate 
figure rill be exceeded again in 1968 and r i l l  progressirely 
T]le industry 118s disclosed plans for more than 40 million 

ijlg during the 1968 through 1970 period. The graph, "U.S. 
%lining Industry . . ." below shows the past :ud planned 
ctiritJ of the industry and the additions to reserves. 
tion and development drilling by the private ui.aniun1 in- 

in 1967 exceeded that of any prior year, including the peak year 
his bas borne out the -4EC's confidence that the industry 
ond to growing nuclear power requirements for uranium 

ulldertaking a physical exploration program commensurate wit11 
e AEC regards exploration for, and development of, new 

deposits to meet, commercial demands as a responsibility of 
try. However, in iTiew of the large quantities of uranium 

ust be found and produced in the years ahead and the great po- 
gs in the cost of power if low uranium costs can be main- 

the AEC believes it is important that there be an adequate 
of Government-sponsored research and development. This 

ed t~vi-ard achieving an improved understanding of the 
aracteristics, and distribution of uranium ore deposits, 
ore-forming processes, and the t e c h n o l o ~  of discwery 

5j esploitntion. Therefore, during 1967, the AEC moderately ex- 
wded its level of Support of research and development in the fields 

,neologY, @oPhYsim, Prospecting instrumentation, and uranium re- 

JmUARY-DECEMBER 1 9  6 7 
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covery techniques. The aim of this effort is to improve th 
base of private industry’s exploration a i d  production 
graph “Estimated U.S. Reserves & Cumulative Produeti 
ments,’’ shows presently estimated U.S. uranium reserves 
needs. 

?= 

FUTURE POLICY 

AND CUMULATIVE 

I n  view of the increasing interest by the electric utility * 1ndustb 
the supply of nuclear fuel, the AEC published, in the Fedepd R + .  

of November 9,1967, a statement on proposed future uranium %%4 

policies and related activities and requested comments from the suPk: 
dustry. In substance, the AEC reafhned its w i l ~ g n e s s  to seu enr;ct I: 
uranium on a single transaction basis under certain Spcified 

COL< 
tions, with the natural uranium feed component of the charg 
$8 per pound of U,O,, at least through June 30,1973. Foreign as a-’ 
as domestic customers may purchase enriched or natural m: 
under the terms outlined, all subject to the availability of AEc.~,,, 
uranium, which appears at  this time adequate to offset any pmcrL: 
short-term shortages in supply. 

X o  date has been established for renioval of restrictions on the ~ 

richment of foreign uranium for domestic use. The Commission k ~ 

viewing these restrictions in the light of recent developments. 

-4 

P R E S E N T L Y  

PRODUCTION REQUIREMENTS 
(A.E.C. DELIVERIES INCLUDED) 

I DELIVERIES 10 AEC 
PLUS COMMERlCAl PURCHASES, 

I 1 I I I 
1968 1969 1970 1971 1972 1973 1974 1975 
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e sector of the atomic energy industry today can proride 
of the needs of the nuclear fueled power generathlg sta- 
uranium enrichment.I Four key factors that will provide 

;ndustry with an improved basis for planning its future uranium 
ent services and associated feed procurement mere announced 

during the year. These were : (a) the declassification of 
of the AEC-owned gaseous diffusion plants; (6) the 

enrichment requires the services of AEC’s contractor-operated gaseous dif- 
t Oak Ridge, Tern. ; Portsmouth, Ohio ; and Paducah, Ky. There, uranium 
Fa) in a gaseous s ta te  is pu t  through a series of barriers which partially sep- 
r and faster-moving uranium-235 (U=) a toms from the hearier and slower- 
-238 atoms t h a t  make up the  bulk of the  material. Under “toll enrich- 
11 begin fn 1Q6Q-the customer Will  supply uranium feed and get back- 
r m-nount of uranium containing a greater concentration of the  urn, 

rest of the  uranium (tails) containing a lesser concentration of T J ~ .  
he AEC W i l l  l e ry  a n  enrichment service charge, or   toll;* upon the 

PueZ CycEe. Diagram alrove shows (starting at upper Ecft) the basic 
F i n  the nuclear fuel cycle-from mining the raw uranium ore to  reusing 
mim recovered during the chemical processing of “spent” fuel elements 
-m nuclear fuel after it has been once “burned” in a power reactor. 

E* 

% -_ L 

-I 1 :i-/lq 
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charge that has been established for uranium enric]ment 
(c) the establishment of the waste assay ; and ( d )  the establish 
a shndard table of enrichment services. Industry is n O l r  - 

wvi,, 

In a k.. 
eht*2 

position to project its fuel costs for the early 1970’s. 3 

TOLL ENRICHING 

The offering by the AEC of toll enriching services under 
contracts v a s  authorized under the Private Ownership 

aqui,:, Nuclear Materials Act of 1964 (PL 88489) ; this method of 
enriched uranium is expected to be used extensively. The AEC 
ready signed one contract, with a Swedish electric utility c o r n p n h ~ ~  ; 
the provision of such services after December 31, 1968.‘Table r) - F:tfjr 
the pertinent actions and dates of the “Private Ownership L4Ctt* 

Of Sk, 
-*- 

1%. ~ 

TABLE 2.-TIME TABLE FOR COMMERCIAL CONVERSION 

Au€Wst 26, lgpd p ~ v a t e  ownership permitted--------------------------- 

AEC terminates distributing special nuclear material for 
power reactor fuel by lease after---------------------- December 31, 197c, 

AEC guaranteed purchase price for plutonium ends-------- December 31, 19TT 
Nandatory private ownership of special nuclear material used 

for power reactor fuel ________------- ---------------- 

Toll enriching of privately owned uranium begins--------- January 1, 

July 1, 19;: 

Gaseous Diffusion Plants Capacity 

On June 14, 1967, the AEC declassified information on the capsp:- 
of its gaseous diffusion plants to produce enriched uranium. The at:, 
was taken to permit the domestic and foreign nuclear porn-er 
to make jud,gments concerning the adequacy of the three &a:- 
diffusion plants to meet nuclear fuel requirements for power rear:($- 

The separative work production capability (in millions of Iii1q-c 
units per year) of the existing gaseous diffusion plant complu t_ 
relation to electric power usage (in megawatts) is as follows: 

Beparative work 
Poicer usage production capability 

2,  OOO 6. 9 
3,000 9. 9 
6,000 17. 0 

A “separative work unit” is a measure of the effort expended ir: * 
plants to separate a quantity of uranium into a portion e i i r i ~ ~ ~ ~  
uranium-235 (UB5) and a portion depleted in U235. The numi.- 
separative work units required to produce enriched uranium for f’  

for any specific nuclear powerplant is related to the concentratit-,’ 
uranium-235 required, the concentration of the feed material: ai ’’ 
waste (tails) concentration. 

PROJEC 
OF U3C 
FOR DC 

AND Z 

r 
100 1 

0 L 1968 
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for Uranium Enrichment Services 

tember 21, 1967, the AEC announced that its current charge 
u enrichment of privately omled uranium in the isotope TJ235 

per kilogram unit of separative work and that the standard 
2 “,? assay is 0.2 percent U235. This $26 charge, which is below the 
& :;i Nilkg established in 1966; is based upon extensive studies of the 
$’.gtted market for separative work and of estimated AEC costs of 
?*I the gaseous diffusion plants from F Y  1966 through 1975. 

orAkd in the charge are allowances for all direct and indirect 
;nclading appropriate depreciation and imputed interest on its &E 

-r6tment T* 

in plant equipment, and the separative work portion of 
* d u W d  material. As public evidence that the charge will provide $tp 

p _Fgon able compensation to the Government, the AEC also published 
on the actud cost of separative work in the first 6 months of $3 -- 3ad projected average costs of such work through fiscal 1975. 

y l  

f ie  figure of 0.2 percent U235 was used as the ‘‘tails?’ assay in deriv- 
d be fwd and separative components incorporated in the standard 
;le of enriching services. This table for example, provides that with 

c>u SeP 
~ r the to 

<frat1 sh 

/ 
!W p. 18, “Annual Report to Congress for 1966” ; and AEC public announcement No. 
&< September 21, 1967, available from Division of  Public Information, U.S. Atomic 
-7F Commission, Washington, D.C. 20545. 
.e-. 

PROJECTED REQUIREMENTS FOR CONVERSION 
OF U3O8 TO uF6 FOR FEED TO PRODUCE FUEL 
FOR DOMESTIC AND FOREIGN REACTORS 

( BASED O N  MEDIAN ESTIMATE OF MEGAWATTS, 
NO PLUTONIUM RECYCLE, 0.2 % TAILS. 



(BASED ON MEDIAN ESTIMATE OF MEGAWATTS, 
NO PLUTONIUM RECYCLE, AND 0.2% TAILS; 
DOLLARS BASED ON S26/Kg OF SEP. WORK) 

SOURCE AKD SPECIAL NUCLEAR MATERIAL- 

PROJECTED SEPARATIVE WORK  REQUIREMENT^ 
FUELED WITH US.-ENRICHED URANIUM 

FOR DOMESTIC AND FOREIGN REACTORS 

- 

ao 

PROJECTED REQUIREMENTS FOR FABRICATION OF FUEL 
FOR DOMESTIC NUCLEAR POWER REACTORS 

(BASED ON MEDIAN ESTIMATE OF MEGAWATTS 
AND PRESENTLY PROJECTED EXPOSURE LEVELS; 
DOLLARS BASED ON $ 90/Kg U FABRICATED) - 

0 
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of 5.479 kilograms of normal uranium feed (0.711% U235) 
t of $111.96; would be required for the AEC to provide one 
of 3.0 percent u235 as uranium hexafluoride (UPS). The 

edule of charges for enriched uranium sold and leased was 
ective January 1, 1968, to incorporate the $26 charge and 
cent tails assay along with a feed component charge of 
ilogram. The combined effect of the new separative work 

d tails assay, both being lower than the corresponding fig- 
and 0.2531 percent in the previous schedule, reduces the 
ost for each kilogram of enriched uranium by 5 to 7 

Most of this saving comes from reduced feed materials 
?’gents. Correspondingly, the guaranteed price for plutonium 
@firmium-233 purchased by the A E C  before January 1,1971, have 

to $9.28 per gram and $13 per gram, respectively. The 
table was published in the Federd Register of 

JABXJARY-DECEMBER 19 6 7 

g - - ~ f pudies of Private Enrichment of Uranium 
2 ne AEC is studying the question of the feasibility and desirability 

enrichment of uranium? The scope of the study in- 
=- - = .z- -’-des the possible transfer for private operation of some or all of the 
~ 

I 
~ 2- 

?m not include shippin&, packaging, etc., costs. 
9 4.w~. 357, “Annual Report to Congress--1966.” 
1 
7 

I r 5 0 1 0 2 2 8  
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present gaseous diffusion plants as well as the construction 
riching plants by industry. (Enrichment of uranium i 
presently done only at the AEC’s three contractor-opePnt 
diffusion plants a t  Oak Ridge, Term.; Portsmouth, Ohio; and 
cah, Ky.) Five consultants with experience in the technical asp&,LT 

providing advice to the AEC in considering this question. 
commercial operations, in Government, and in law and economiiL . el 

tion from the industry standpoint. The AEC is cooperating 
endeavor by supplying certain information required for tl1is sturTv rt,  

-e- 
The Atomic Industrial Forum has named a team to study the ‘io-_ 

Gas Centrifuge Work. As a separate question, the AEC h - -  
c 

as de& 
mined that national security interests would best be Served if ~~. 

vately sponsored Kork on the gas centrifuge process for Separati, 
@ram 0: gm y?ntfi+ 

&Par; development will, of course, be continued to advance isotopic 
tion technology and to evaluate the attractiveness of the process eith, 
at home or abroad. 

On the basis of a number of years of development effort on iw9 
separation processes, the L4EC I ~ s  concluded that the gas centrik% 
process will probably not be economically competitive with the r 
at some future time it is in the national interest to  allow privateftsr 
ticipation in gas centrifuge developments, other than under *4Ec m3A 

tracts, the *4EC would then make available, subject to security rw 
Iations, economic and other required information needed for inva 
ment decisions by industry. 

of isotopes were discontinued. The AEC pro, 
r- 

uaseous diffusion process for the next decade or longer. H o - K ~ ~ ~ ~ ,  -& ii 
e 

NUCLEAR MATERIALS PRODUCTION-> 
Production of special nnclear materials continued during the yrn 

a t  reduced levels that, were commensurate with scheduled requiremear, 
for military and civilian programs. 

PRODUCTION CUTBACKS 

Operations continued at both AEC production reactor sites, t b ~  
Hanford Works at Richland, Wash., and the Savannah River PbK 
near Aiken, S.C. *4 reactor shutdown announced in January 1967, w 
accomplished at Hanford and further reductions \vere made in use 6: 

electric power at the gaseous diffusion plants. 

I w l  Loading 
‘m transfer 
*mor after 

shields 
%wge  basin 
3 ,  the chemic 
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Dipusion Plant Operations 

. ~ 1967, the level of electric power usage at  t ~ i e  AEC‘S Ports- 
bio, gaseous diffusion plant was reducecl 13)- ~ ~ 0 , 0 0 0  elec- 
natts (ekn-.) . The reductions were accomplished followiag 

Kith the Ohio TTalley Electric Corp. and consisted of a 
200,000 elm-. previously schedulecl for  late 1967 and a 

. rl. reduction of 120,000 e h .  to be effective during the period bcr 1,1967 tlirough June 30, 1968. The permanent reduction of 
C k ~ .  is a part of the steps being taken to reduce total power 

t h e e  gaseous diffusion plants (Oak Ridge, Tern., Padu- 

- - ’ J Q d ~ ~ v .  A reactor olterator at Hanford’s “C” reactor loads fuel elements 
::*!IJhfu boxes under 20 feet of water following their discharge from the 
’’: after irradiation. The elements are intensely radioactive a t  first and the 

--‘:hields mrkers  from the radiation. After a short time in the underwater 

-- ‘ @mica1 separations facilities for processing. 
- * ,’*. t ’ a W  ’ the fuel elements are loaded into shielded railroad cars and taken 

f 

f 
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cah, Ey., and Portsmouth, Ohio) to  2,000,000 e h .  by janus 
The actions reduced the electric porer  costs for th 
plants by about $6.4 million in 1967. (See also ‘‘Studies 
Enrichment of Uranium” in previous section.) 

Two Hanford Facilities Closed 

The “D” reactor at Hanford, W ~ S  shut down on June 26, 196;. 
reactor, which had been in operation for 22 years, was placed 
by status. It was the fifth of the AEC’S 14 production reactorsb 
shut down since President Johnson announced a reduction 

The Redox plant which discontinued separations of 
uranium fuels at the end of 1966, was placed in standby on J~ 

1967. The plant was shut down because of the reduced volume 
% irradiated fuel resulting from the closing of the production 

Built in Hanford in 1951, it was the first large-scale solvent exaF 
utonirf extraction-type plant in the United States for recovery of pi 

and uranium from irradiated f u e P  The P m x  plant is the ~ 

irradiated fuel processing facility now operating at Hanford. 

insta 

h i  tonium production in early 1964.5 

REACTOR OPERATIONS 

The “N” reactor at Hanford performed satisfactorily in its 
the Nation’s first dual purpose--plutonium production and e l e d  
generation-reactor. Programs to demonstrate the technical fwibG 
for multiproduct operations using the Hanford and Savannah & 
reactors are being developed and tested. 

Five-Year Planning 

A long-range process research and development program is nndr; 
may to reduce costs and increase the versatility and flexibility of ii 
Hanford and Savannah River reactors for production of n0nwq.m 
program nuclear materials. Work is continuing toward: (a) pmi i  
ing data on the need for, and availability of, nonweapon reactorpd 
ucts that can be produced in these reactors; (6) firming up the bas 
technology needed to support future programs to meet specific& 

6AS a result of the 1964 Presidential announcement to cut back plutonium Prod- 
four of the AEC’s 14 Production reactors were shut down in 1964 and 3965-m PF ’- 
18, and 44, “ h n u a l  Report to Congress for 1964”; p. 73, “Annual Report to C@W@ 
for 1965” ; and PP. 90-92, ‘‘Annual Report to Congress for 1966.’’ On January 1% 
the AEC announced two more reactor-ne each a t  Hanford and Sarannah It** 
Will be Placed In standbv. 

e See p. 91, “Annual Report to Congress for 1966.” 
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for these llroducts; ( e )  reducing, or mininlizing any 

;nterference between the weapons mission and nonweapons 
reduction ; and ( d )  incorporating flexibility in the produc- 

s to adjust rapidly to new mission priorities. Toward 
Savannah River has developed a mixed lattice loading 
ah River Reactors’’ item on p. 39) which can produce 
ities of several isotopes within a single reactor loading. 

4 lgj&.( 
ifh,sj @* 

‘Jig 
h i p  

k k w  Transfer. Operating responsibility for the AEC’s dual-purpose “N” reac- 
Hanford Works was transferred from General Electric Co. to Douglas 

,Wd hclear Co. on July 1. This completed the phasing-out of General Electric 
“%e single operating-eontractor a t  Hanford. Photo is a view of the reactor con- 
*s foOm showing the instrumentation that monitors conditions in the six heat- 
*ger Cells. Steam produced in the reactor during plutonium production is 
’? to the Washington Public Power Supply System which operates an 800-Mwe 

feVF$&lant adjacent to the reactor. 
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Electric Co. as the single operating contractor at the H ~ ~ ~ ~ , ~  

time of transfer. 
The reactor was completely shut doyn for planned maintenaor kr 

tritium (hydrogen-3) and phtoniu-was initiated at productir, the 

%-a* 
a 

A coproduct demonstration program-mncurrellt 

actor in 1967 and proceeded smootl1ly. During this de 
program, a high-power probe test conducted durin 
operating level of 4,800 megawatts thermal (Mwt.) wu ar 
After this I-day test on June 18, the reactor retunled to 
4,000-Mwt operation. 

~~~~ 

~ 

Reactor operations were interrupted on June 22 by a fire in (j 

The W’ reactor was shut down from September 1 tlirounh 

Trades Council (HARITC) . The work Stoppage involved di 

the six heat exchanger cells. The reactor operated satisfactoril, k- I 

ment over interpretation of national standards of Permissib] %E& 
tion exposure and questions of whether “N” reactor personnel e 

the five remaining heat exchanger cells. . w 2  

ber 15 as a result of strike action by the Hanford Atomlc .*b3 31s 

be in a bargaining unit separate from that applying to peEo 
the other Hanford reactors. 

Power Generation. Total electrical generation from the t i p  

during 1967 was in excess of 2 million megawatt hours. F 
installation of step-down transformers on the Bonneville pe 
Administration’s (BPA) transmission system, the WPPSS gene 
plant achieved its designed 800 megawatts electrical (Afwe.) outm :: 
Ahy.  The 800 Mwe.-level had been reached on December 9 , i g g  
failure of a high-voltage transformer on the BPA system the nmb 
made it necessary to reduce the full-power output. 

Other Reactors. Operation of the other four Hanford prod 
reactors continued through the year with new records for ope 
efficiency being established. In addition to weapon-grade plutmiB 
these reactors produced significant quantities of nondefense p l u a  
(for experimental and other uses), uranium-233, cobalt-60, and & 
14. I n  making plutonium-238, a uniquely eihcient quick-turn@= 
cycle was employed in which the charge and discharge of the 
tunium-237 target elements is accomplished during f ull-pover  rea^ 

operation. Hanford continues to be the only U.S. producer of  cub^ 
14, and shipments to Oak Ridge National Laboratory totaled 370 a& 
ir, 1967. 

The Hanford reactors also performed various specialty imxk2 
services for the Pacific Northwest Laboratory and off-site custm- 
requiring large sample volumes and relatively fiat flux. Included 

8 See p. 87 “Annual Report t o  Congress for  1966.” 
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3 2 <,p 8 fuel development capsules, and the strontium-85 sources used 
- -. T,4SA biosatellite launched f rom Cape Kennedy in September. 
g / '  

' at tIl,l ~ .be b 
P 

ah River Plant, the four reactors produced a number 
opes in addition to weapons materials. Substantial quan- 
ium-233 and high explosive plutonium containing 12 

and 40 percent plutonium-240 were produced for peaceful 
Also produced were significant amounts of cobalt-60, pw 

ulium-170, plutonium-238 and 242, americium-243, 
, and californium-252 as well as small quantities of ein- 
d fermium. Numerous special research and development 
were camied out for the AEC's national laboratories in 

gear, a multiproduct (mixed lattice) loading demon- 
bility of producing varying quantities of uranium-233, 

irradiations for curium-% production. 

!actor 
) K i e  

O R ? r  
a t i q  
but in 
I? h t  

1 

' d q  1 
s - 
3 

:tios 
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Curium-244 Production 

In  the current curium-244 ( cm2") Production prograln, irradiat 
of plutonium-239 was started in 1964 in order to increase tk,e =z 
toniurn-242 ( Pu242) content of the material. A %year h' 
ation of the P ~ ~ ~ ~ - r i c h  fraction was completed in mid-136; *; 

River chemical separations plant normally used for reprocessinn 

Cm244 and 2.7 kg. of americium-243 (Am243) were recovered as & 
curium-americium (Cm-Am) and rare earth mixture. About gJ 
of Pu242 was also recovered for future use. The crude ~ ~ - ~ b . i  
earth mixture mill be processed early in 1968 at  the Savannah pit-- 
Laboratory (SRL) t o  separate and purify the Cm2M and ,w4, 
purified Cm244 vi11 be used at SRL and Oak Ridge National ra;,S 
compounds and to develop suitable curium heat Sources for iMF+ 

future production of CmZ4 and higher transuranic isotopes. 9 
transuranic isotope, calif ornium-252, which is present in mi1li-m - 
quantities will also be recovered from the Cm244 process efluents- 
made available for other research uses. 

At Hanford, a crude fraction containing a kilogram of & 
curium and americium radioisotopes was recovered from the higlt lm 
waste during chemical processing of Shippingport (PWR) fuels at & 
Redox plant, just before the shutdown of the Redox plant. This= 
terinl JJ-ill be processed to separate and purify the curium z 
americium fractions for research use. 

F* 

'gh-fl~x i;; 

September 1967, the plutonium-242 was prowssed in the say . = I *  

irradiated high-enrichment reactor fuel. Approximately 5.6 t. h- ?-- 

tory to determine the basic chemical and physical properties of c- s i  

power applications. The Am243 can be fabricated into targets for F 

Californium-252 and Other Isotopes 
- 
. _..I -. 
i i 

c- 

Investigations have continued to  develop improved means of ~ ' f  
ducinp the isotopes of high atomic number, such as curium. berld:=- 
and cdiforniim (especiall!- Cf2j2). During 1967. tile feasibilit~ LA 

@ B u r n u w A  measure of reactor fuel consumption that can be espressed as: 
' 

(a )  the amount of enem F= Percentage of fuel atoms that have undergone fission ; or 
duced per unit qunntity of fuel in the reactor. 
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operating production reactor at  the Savannah River Plant 
peration lo for the production of these and other isotopes 
blished. In  a resonance mode where special neutron 

ditions would be provided, substantial gains are predicted 
reactors in  ultimate yield and rate of production for 
igher isotopes. Because of low neutron flm and low 

ergy levels, and fuel cycle economics, nuclear power reac- 
rsctical for these operations. However, residues (pluto- 

americium, and curium) from irradiated power reactor 
sed as feed materials in the resonance reactors to  enhance 

reduction of higher isotopes. Under resonance conditions, 

<name reactor, a large proportion of the neutrons are above “thermal” energy 
to more rapid conversion of certain target materials to desirable products. 

WM 
g9 of 
:ai& 

--e 
k* 

--veal Processing of Curium-244. Curium-244, an isotopic power source for the 
”4 Y program, is being produced in Savannah River plant reactors. Shown above 
s z  laboratory demonstration of the process for separating the curium from rare 
E% Ession products by solvent extraction in a bank of miniature mixer settlers. 
S P i h r e  was taken by the light emitted by radiation-induced fluorescence Of 
%?roceSS solutions. Most of the light was emitted by the solvent phase, a s o h -  
& of tertiary azlliLle in diethyl benzene containing about 1.5 grams per Liter of 
-*a-%. A larger facility is under construction to recover 4.5 kilograms of the 
”c*.me facility will be operational in early 1968. 

- 

5 f j 1 0 2 3 b  
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H F I R  Target Rod  mad Carrier. A contrast in the size of a simulated target m 
from the High Flux Isotope Reactor (HFIR) at Oak Ridge National Labraw 
and the carrier used to transport it i s  shown ahove. The rod, which wouldcon& 
plutonium-242 and very radioactive americium-X3 and curium-244 oxide partids 
is 36 inches long-the carrier weighs approximately 50 tons. Thirty-onetam 
rods a re  irradiated simultaneously in the HFIR for 12 to 18 months to Prod= 
heavy elements such as berkelium, californium, einsteinium, and fermium. 
a re  transported one a t  a time in the huge carrier t o  the Transuranium ProcesZ 
Plant (TRU) for chemical separation of fission products and transuranium 
ments. The plutonium, americium, and curium oxides a re  produced a t  the SaPk 
nah River Plant and then transported t o  ORNL for loading i n k  the HFIRuH 
rods 8s a part ,of the national transplutonium program (see pp. 283-m, “ ~ c  
Report to  Congress for 1966”). 



43 
such material when eventually available could re- 

allnual production of hundreds of grams of CfZ5?. TI1e 
i\Ter Laboratory has made a preliminary survey of the 

ernand for  californium-252. I ts  intense neutron yield, low 
ion rate, and relatively long half-life (2.5 years) niaL-e 

io,ucli& valuable for many applications in research, medi- 
industry. Prospective uses for Cf”? are in the fields of 

hy, radiotherapy, neutron activation analysis, hydrology, 
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loration, research, and education. 

rlction of heavy mater at  the Savannah River Plant to meet 
irements and commercial lease or sale amounted to 207 tons 

f 13 percent over 1966. Production had been 
ations during the past 4 years because of 

and stress corrosion problems in the towers. These problems 
formcted by an extended maintenance program and minor plant 

d e r  sales to U.S. customers, primarily for research use and 
uterium gas and deuterated compounds, to- 

+j 6.0 tons, a 14 percent decrease from 1966 domestic sales. Foreign 
&*including 46 tons to Euratom and 219 tons to  Canada which 

der lease, totaled 334 tons, a 44 percent 
over 1966. Foreign leases for the year totaled 14.5 tons. 

;metic loans and leases in the United States, which were primarily 

sd$cations. Production returned to normal early in 1967. 

taled 62 tons. 

FUEL PROCESSING 

Pzviously scheduled to end on June 30, 1967, the AEC’s service of 
- 8 T i d i q  for chemical processing of irradiated fuels for research ancl 
+ ~ f  reactors has been extended. AEC first established the service in 

i to corer situations where commercial processing sen-ice was not 
%&J& available. The extensions apply to light water and research 

or fuels througli December 31, 1970, and for other power reactor 
thro~1gl1l December 31, 1977 since LZ private promssing capability 

y-one 

0 Pr@ys-::.g 
Iranium pk- ’ presently arsil,zble. 

-b“rp ’‘4 “Annual Report to Congress for 1966.” 
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Private Facilities 

SOURCE AND SPECIAL hTCLEAR AIATERI&S 

“lie first private processing facilitj-, Kuclear Fuel service> 
(NFS ) at -West Valley, N.P., continued the processing of irradiat,f> 

Edison’s Dresden (Unit KO. 1) reactor in Illinois, 50 tolls 
the Yankee Atomic Electric Co.’s reactor at Rome, bfftss., and a 
tons of fuel from Hanford‘s ‘‘K” reactor were processed du 
year. The first international safeguards inspection of 
spent-fuel processing plant was conducted by a team from the - 
national Atomic Energy Agency during August and septemcp+ 
NFS during processing of the Yankee fuel (see also Chapter ; h 
International Cooperation Activities) - 

The New York Atomic and Space Development Authority (d-.x. 

sign for an installation at West Yalley to ezrtract neptu’ 

actor fuel. The remainder of a 50-ton lot of fuel from Cowonrk -2 

t -  
i, - 

L 1: announced during August that it vd1 proceed with engineepin2g =* 

wastes generated by the NFS fuel processkg Operations. p * f 

expectations are that such an installation would be operated bF % 

pertaining to fuel processing include : (a) the General Electrj: p;z- 

lum hb 

under an arrangement with ASDA. 
Fucilifies Planned. Activities concerning other commercial . 

has been issued a permit to  construct a one-ton per day plant &* 
Morris, Ill. ; ( b )  Allied Chemical Corp. has announced plans to blq 
a multi-ton-per-day facility in operation by 1973 ; ( c )  National 
Co. announced that it has initiated preliminary engineering stcb 
for a multi-ton-per-day facility ; ( d )  Atlantic-Richfield Co. annous 
that it has plans under study for a multi-ton-per-day plant to b; 
cated on the TfTest Coast and in operation in the 1970’s; and ( e )  G--: 
Oil Gorp. has initiated studies on fuel reprocessing methods 
markets. 

Deliveries f.or Processing 

The AEC‘s Idaho and Savannah River operations received ;*qe- 
fuel for processing from seven domestic and five foreign resesrch e. 
best reactors during the year as summarized in Table 3, 

ISOTOPES RECOVERY AND SALES- 
Fission products are the nuclear fragments produced by the * 

(splitting) of uranium and plutonium in atomic reactors. ?ia’% 
all of the primary fission products are radioisotopes vhich d a y  
in some cases through several sequential steps, to stable 

-- 

Shipper 
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%ithin the irradiated nuclear fuel elements, these fission 

becollle constituents of the high-level radioactive n-astes that 
c ~ l e i n i ~ a l l ~  processing irradiated nuclear fuels to recover 

and uranium. Some of radioactii-e fission products have 
lications as sources of radiation and heat. Some of the 

. topes would hare commercial value, provided they could be 
ic,?llF separated f rom the radioactive Tastes. 

- - 
2 a - 

RECOVERY OPERATIONS 

uirements for fission product radioisotopes continue to be 
needed, primarily from the high-level wastes at Hanford. 

es are retained in specially designed underground storage 
constitute the largest known source of fission products.12 
National Laboratory ( ORNL) processes fission products 

he \-arious forms needed for application ; e.g., cesium chloride, 
titanate, strontium oxide, etc. ORNL is the focal point 

for  sales of specially produced radioisotopes. 
rariq 1967, 938 kilocuries of cesium-137 were shipped from Han- 

to Oak Ridge National Laboratory for fabrication into sources 
Jarge irradiators and f o r  radioisotope sales. Hanford supplies 

a1 Report to Congress for 1966" ; see also pp. 55-57, "Annual Report 

- a ~ - I R R . ~ D I ~ T E D  URANIUM-ALUSmTUM ALLOY FUEL DELIVERED DURING 
1967 FOR PROCESSING 

- 
~ 

Shipper Reactor 
AEC 

receiving 
site 

As received 
Number 
elements alloy urarum Urn 

of Grosswt. Total Percent 

Kgs. Kgs. 

48 195.2 8.2 86.6 

144 648.9 18.8 80.4 
447 1,972.1 80. 9 66. 5 
17 62.7 2.4 86.1 

120 iO6.3 37. 5 83.2 

24 75.8 2.9 84.4 

86.9 110 
23 71.8 3.7 92.1 

4.9 93.0 34 

82.9 38 

91.6 2'8 

17.4 502.8 

102.5 

102.0 

129.7 

0 ='%!de Corp _ _ _ _  Sterling Forest- SR- _ _ _ _ _ _ _  
niversity-.- Research _ _ _ _ _  _ _  S R - - - _ _ _ _ _  
nirersitr Research _ _ _ _ _ _ _  SR _ _ _ _ _ _ _ _  

B ~ f f a l ~  Research _ _ _ _ _ _ _  SR _ _ _ _ - _ - _  

-: ofSlichigan-_ Research _ _ _ _ _ _ _  SR- _ _ _ _ _ _ _  
4. a . #. -- ... 
3.3 - 

=& 
*GQ!! Rlver. 
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promethium-147 in rare-earth concentrates to tlie AF, 

SOURCE AND SPECIAL NUCLEAR  MATERIAL^ 

Xorthwest LaLoratoq (PNL) for SubseqLIelit purification c's I?& 
9s version into the pz:omethiuni oxide form used for botil 

which has been modified for  high-level Taste treatment, Rill 

alld 

coQIQl, .- sales and research and development purposes. Hanforci>s E-=:+ 
8:- 

9 )a re 1 approximately 20,000 kilocuries of promethiurn-147 f rorn "Sinp - fission product concentrates during early 1968 as part 
operations. This promethium-147 will be stored to suppl 9 for&, 
PNL future requirements. %z 

- 
- =4 

t 
Of its ShPh 

B-Plant Blodifications. Waste management plans at the Hanford Works p 
immobilize highly radioactive wastes by dewatering them to fixed salt & 
reposing in the same underground tanks where they now are being storedr; 
mobile liquids. I t  will be necessary to remove the fission products, stronti- 
and cesium-13'7, which a r e  long-lived heat emitters, from a substantial fractimd 
these wastes to prevent undesirably high temperatures building up in the& 
cake. Photo shows part of the 900-foot long B-Plant canyon, which contahl l  
process cells, each surrounded by several feet of concrete shielding, and pl& 
below floor level, being modified to provide the capability for strontiumandeesiaP 
removal from the wastes. These modifications, costing about $11 million,m 
completed in 19617. In the background are the cell cover blocks with their lie 
bails for cell access and the 75 ton crane in the background. The B-Plant OdP 
ally was one of the three radiochemical separation plants constructed at H d  
in 1943 for plutonium recovery, and was shut down in 1952 as plants usingmk' 
advanced processes came 021 line. 
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for Commercial Plant 

delTelopment of anticipated uses and markets for fission product 
topes has been much slower than expected. Consequently, in 

Isochem h e . ,  and the AEC found it mutually convenient 
te the contract and the related land lease under which 

to have built and operated a commercial plant to process 
sdate useful fission products a t  Hanford.13 

@red prudent to Isochem to delay this private venture for the 
of fission product radioisotopes into useful forms until an 

degree of economic success could be anticipated. (For other 
see “Diversification and Transfer Activities” in Chapter 17- 
strative and Management Matters.) 

m are precious metals in short supply; they 
stable fission products that  may be recoverable in nonradio- 

form from high-level wastes. They also appear to be the only 

t o  Congress for 1965,” and p. 107, “Annual Report to 

s z m h  Recovery. View, taken through several inch-thick shielding glass, 
==: @me of the process tanks used in the recovery of plutonium from scrap 
--mesS residue a t  the Hanford chemical processing operations. The chemical 
*. 

~ I W Operation was transferred from Isochem Inc. to Atlantic Richfield 
= CO. on September 4. 

e. 

- -** 

-- 
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SOURCE AND SPECIAL NUCLEAR MATERIALS 

fission products with an assured market if they can b 
recovered. There are significant quantities of these two elemcnti: 
tained in the high-level wastes stored a t  the Hanford and 
River sites and even larger amounts Fill be available fro 
essing of poKer reactor fuels. It has been estimated that ap 
280 grams of rhodium and 640 grams of palladium will b 

Hanford has developed an ion exchange process for th 
recovery of rhodium and palladium from alkaline high-leTTel e concup Ra; 
as well as processes to purify rhodium and palladium to be 

e eCQlohi, 

Q the *- 

P%itQ 

~ c .  
&van, 
kc 

one ton of uranium fuel irradiated to  20,000 megawatt days. e PQgr,; 

Radioactive Waste Stwage. T~ dH 
any corrosive thinning of 51 

walls Of underground tanks conhh 
highly radioactive m-m, dn p, 
engineers at  the Savannah 
developed the remotely controlled 
thickness tester shown at kjt. 
operator at the surface i o ~ m  t 
foot-long “bug” through an a c m h  
on the tank perimeter. Its ms,pna 
wheels grip the steel mall, and d 
carriage is then rolled up or dm 
to the desired position. A solerttric 
actuated air cylinder on the c a w  
presses a small ultrasonic transdm 
to the wall; water is jetted oyer &- 
contact area, providing the n e w s ?  
coupling. The transducer then ~5 
an ultrasonic pulse that pen&@ 

itope S h i p p  
4med and 
&e Xation: 
n shield a] 
terials. Th 
ding. The 
 lit^ to mel 
rication, a 
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the AEC withdraws from their routine production aiid d' 
During the 11 months ending Kovember 30,1967, a total of lS t ' i tqL ', 

p. tJ,l]i t q b  ? 

tioiial Laboratory (ORNL) . This represents LZ 26.7 l,ercent N& inct,_ 5 
in unit sales over the same 1966 period, maiiilx from iiicleased i. -r; 

,. 
curies of processed radioisotopes were distributed by 

of cobalt-60, strontium-90, and cesium-137. ri- 

Production and Sales Withdrawals 

The AEC x-itlidrew from the routine production and sale "f, 

Of tl&* 
' A  L d u ~ ,  

prices on 15 radioisotopes : l4 antimony-122, argon-37, barium.l,. 

142, rhenium-186, samarium-153, silver-111, tungsten-187, 

Federal Register its proposal to  withdraw from the routine pr4y- 
tion and sale of lev-activity cobalt-60. 

more radioisotope during the year, strontium-87" generators, ~~~ 

total of 37 radioisotopes since May 2, 1961. As a direct result 
withdrawal actions, the number of shipments made by 
the first 11 months of 1967 fell to 3,664 from 5,044 in 1966, and in 1965. To recover full costs, it was necessary for the AEC to in,,< L :E= 

bismuth-210, gallium-72, iodine-130, palladium-109, praseodJ~ue -.. 

iodine-131, and xenon-133. On December 27, the AEC published ha 8 : .  

't 

SE 

New Products 

Several new radioisotope products became available from tile -uj 
during 1967 : iodine-123, tungsten-188, and high specific activity ( I . , ~ ~  
curies per gram) iridium-192. 

Iodine-123, is finding use in place of iodine-131 and -125 for m d k  
diagnostic applications ; it considerably reduces the radiation dm t; 

the patient. Iodine-123 is produced by cyclotron irradiation of h t o ;  
cally separated tellurium-123. An efficient recycle process has trr 
demonstrated at  ORhZ which permits a reasonable product cost. 

Tungsten-18s provides the parent for tt tungsten-rhenium p n p s  

tor. The generator provides a longer half -life (70 hours) radionad.& 
with many of the same properties of technetium-99m (6 hrs.). ?k 
production of the tungsten-I88 involves double neutron capture ~ h k i  
requires the use of the High Flux Isotope Reactor a t  ORAX v& 
as the use of isotopically separated tungsten-186. 

The procedure for production of high specific activity iridium-fk 
(1,000 curies per gram) was developed at  ORNI;. The more COWQL? 
used? loii-er specific activity iridium-198 is available from pri* 
industry. 

l r A  full list of prices is arailable from the Isotopes Sdes Dept., Isotopes Dewl@F@ 
Center, Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tenn. 37831. 



SAFEGUARDS 
AND MATERIALS 

I MANAGEMENT 
\lologh nuclear materials have been carefully contro,,&d and safe- 

rom the very be,oinning of the atomic energy program, the 
recognized that, with the rapidly expanding peaceful uses 

ic energy, there is a need to  review and strengthen its policies, 
d u r n ,  md organization €or saf egusrding nuclear materials 

1 repofi of the 1966 ad hoc Advisory Panel on Safeguarding 
p z -E.x --.ial Suclear Material mas received by the Commissioners durillg 
3 =_ :+. 1967. The report included a number of recommendations related 

versions to unauthorized uses. 

- 
3 > *  ,ie objective of s t r e n & e n i q  the AEC's safe,.uards policies, pro- 
- ,*jam, and organizations. A number of actions have already been 

~ 

to carry out these recommendations. 

SAFEGUARDS ACTIVITIES 
= &mission, effective July 1, 1967, established a new Office of 

-,&yards and Materials Management vchich is responsible for all 
&uard policy making as well s1s overseeing and coordinating the 

~ "ited States' domestic and international safepards programs. The 
' -&mission also established a Dii-ision of Nuclear 3f aterials Safe- 
r~&, under the Director of Regulation, to administer safeguards 
-:dl nuclear materials held by licensees. 

&ions Taken 

h e  these organizational clianges, the folloning actions have been 

' Coordination of tlie safegruarcts-related programs of other inter- 
o t d  gorernment2 agencies such as the Department of Defense, 

=4: - 
- 2 *p.11€i ''Annual Report to $ ! o z ~ y e g ~  f;or 1966." 

L ' * & , - L * # i l  
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the Department of Treasury, the Department of c 
: $ -i-, 

’S%,a,, 
i”: AgencF, has begun. 

( 2 )  Steps Ziave been taken to design and implemellt a b 
bi?, wards research and development program in c ronile, 

0 OO1’eratiori ea other government agencies and other national alici interhati 
efforts. 

( 3 )  The AEC has encouraged the establislllnent of an internari,,,, 
scliool of safeguards to train inspectors. such a school could 
develop research programs. 

(4) Steps are undervny to job1 with the Department of bey,, 
reviewing safeguards currently applicable to materials and 
ons transferred to the Department under provisions of the . 

Energy Act of 1954, as amended. 

tral Intelligence Agency, and the h m s  Control alld OrnQrq  D. 

f-. 

The Conuiiission also established an Akdl-isorF Committee on xu<, 
Materials Safeguards to provide it vi th  advice in the ,jeTelOr - *& 
of:  ( a )  policies regarding safeguards agaiiist the diversion of ’&e 

wards procedures ; ( d )  safeguards research and developmet,t. .=,e. 

--I&, nuclear materials; { 6)  safeguards standards and criteria; (c) c4i 

niethods of measurement and other procedures ; and (f) standa; ~: 

erence niaterial. 
Other major actions to strengthen safeguards are under ~ ~ ~ ~ . i , i ~  

tion. 

b 

International Safeguards Activities 

The International Atomic Energy Agency (IAEA) continuc%l ~ 

application of Safeguards to four U.S. nuclear reactors under 
1964 U.S.-IAEA agreement which provides for such safepard- 1% 
connection with safeparding the Yankee power reactor in T : ~ ~ ~  
Mass., the IAEA4 exercised its right to follow the spent fuel. ~b- 
contains plutonium, through the reprocessing operation at the S U , - ~ -  
Fuel Services, Inc. (XFS) plant a t  T e s t  Talley, X.Y. The LK: 
inspection included 73.97 kilograms (kg.) of plutonium recorn 
from Yankee Core I V  and about 18.6 kg. of nonsafeparded plutorkz 
n-hich  as in process inventory a t  the time the inspection b e p .  Tis 
inspection, which began on August 1, involved a team of ten men h= 
several countries applying continuous coverage at  the plant th* 
mid-Sept ember. This provided the IAE,4 with valuable esperia!@ 

The list of members and their  affiliations are included in Appendis 3. 
a T h e  four  reactors are: t h e  Graphite Research Reactor and  the Medical 

Reactor at  Erookharen National Laboratory ; t he  Piqua, Ohio, power reacton ad 
Pankee Nuclear Power Station at  Rowe, Mass. ; see pp. 205-306, “Annual 
Congress for 19GL” 
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of Safe technical as well as logistic and organizational aspects 
at spent fuel reprocessing plants. 

united States in June 1967 and in Brussels in October 
the feasibility of applying resident inspection safeguards lo 
fabrication facilities. During the US. meeting, a visit 
the Argonne National Laboratory's plutonium facility 
the Brussels meeting a visit was made to the Euroch 
processing plant to evaluate Euratom experience with raident i~ 

spection at, this plant. Future meetings are contemplated to contj4b 
these discussions and to  evaluate the technical effectiveness 

The U.S.-Euratom Joint Technical Working Group 

guard systems. Of %if, 

Safeguards Research a n d  Development Program 

A broad safeguards research and development program deim- 
to improve the effectiveness of the safeguards program both dam-- 
cally and internationally has been initiated. The propam is diwk 
essentially toward two major categories-systems studies and tR: 
nical studies. The systems studies are concerned with the mecllaG- 

guarding special nuclear material, and the handling of the data 
results from such (applications. Technical studies are concerned 
the scientific aspects of measurement and detection of special nuc]% 
material. 

Priority is being given to an overall safeguards systems studr, vz 
*4EC plans to elicit the cooperation of industry in an effort to  der:* 
the data and information on which the AEC can base procedural 
perf orrnance standards against which 8, nuclear facility's opemt 
and material control policies can be judged. 

One major program being conducted under systems studies is R te 
program of placing AEC resident inspectors in selected licensed fa& 
ties in the United States. The activities of these inspectors and & 
effectiveness of these activities will be evaluated over a period oi ~ 

to 1% years. The technical studies will concentrate on ineasurenxe 
and detection of special nuclear materials. They will seek to d c d :  
niethocts and instrumentation capable of determining uranium 5:- 

plutonium isotopic coniposition and content in irradiated arid i iz 

irradiated fuel assemblies, process solutions, and scrap materid 1: 
v-estigations of methods to calculate fuel burnup in power react<)? - 
continuing. Kew fuel reprocessing techniques are being investi@g 
clct ermine if t~iey pose intrinsic problems for material accountabiig! 

by which scientific methods and techniques can be applied to 
_. 
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. 1967, the Atomic Energy Act of 1954 was amended to elimi- 
i ' l l r ln~~~iren ien t  that the President annually determine the quan- 

1 nuclear material to be produced and tlie amount to be 
r distribution by the AEC under Sections 53 and 54 of the 
date, respectively, to  domestic and foreign distribution 

Daterial. The distribution provision had been included in the 
Enera Act to permit greater private participation in ciriliall 

matters while at  the same time affording assurance that 
a1 nuclear material, which was still in short supply in 
provision was enacted, would be available to meet mili- 

~ Tq ,auirements. 
current amendment reflects the relative abundance of these 

e,eriajs as achowledged by Congress when, in 1964, it approved 
'& *rate Ownership of Special Kuclear Materials Act (P.L. 88489) 
dirh the AEC to enter into long-term contracts to sell 
*ial nuclear material and to perform enriching services for both 

.\lr]lough the statutory requirement for such Presidential deter- 
s has been eliminated, the amount of special nuclear material 

ivproduced by the AEC Rill continue to be controlled by the Con- 
2nd the Executive Branch of Government through the norma] 

-2dptnrx processes. In  addition, the AEC will report annually to the 
* .  -.it Committee on -Atomic Energ-y the status of commitments to 
d u t e  special nuclear material to domestic and foreign users. 

and foreign persons. 



THE NUCLEAR 
DEFENSE 
EFFORT 

~ c ,  in coordination with the Department of Defense, con- Ibe * 
.?< basic and applied research on nuclear weapons and device de- 

tests devices and weapons and their components, and pro- 
nuclear weapons essential to the maintenance and adrancement 

2 1. _-  
&n]e*t? 
3- 

-;,be LTIlited States nuclear defense capabi1ity.l 
*. 

5 ;,tJring 1967, the AEC continued : ( a )  the development and produc- 
of nuclear weapons and components designed to meet Depart- 

_*  +[ of Defense (DOD) requirements ; (6) the development of nu- 
3r devices and improved data acquisition systems and diagnostic 
,<rumentat ion techniques for underground testing; ( e )  in consonance 

the limited nuclear test ban treaty safeguards,2 its readiness to 
ie atmospheric testing; and ( d )  its participation in the DOD- 

-elmred nuclear detonation detection (Vela) research program. 

WEAPONS DEVELOPMENT 
~ \yeapons deyelopment activities include the design and derel- 

g e n t :  and testing of the nuclear portion, and the non-nuclear 
-z.ponents, of atonic weapons. A major effort is k i n g  devoted to - 

:=elre Xutual Defense Agreements fo r  Cooperation are currently in  effect (see AP- 
5: I i--dgreements for  Cooperation). 

.:e four safeguards announced as U.S. national policy prior to Senate  ratification of 
* - m e d  nuclear test  ban t rea ty  in 1963, are : (I)  continuation of an nggressire under- 

-- nuclear weapons tes t  program, ( 2 )  maintenance of a progressive laboratory pro- - I?)  a readiness capability to  resume atmospheric tests if they should be essential 
“i’@nal security or if the  t rea ty  sh-uld be abrogated, and  ( 4 )  the improvement of our 

*‘ltJs filthin feasible and practical limits, to  monitor the terms of t h e  t rea ty  and 
-‘*a riolatlons. 

.- 

_-*,  
- c  

5 7 
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e %artl, the development of nevi- nuclear Tarheads required by th 

by the LEG’S three m-eapons laboratories (Los L41anio~ Scientific I;; 
oratory, Los Alaxmos, N. Rlex.; the Lawrence Radiation Labor 

of Defense. Primarily, the weapons development KO& is Co“dur.,. ‘61, 

Livermore, Calif. ; and the Sandia Laboratory facilities 
querque, N. Rfex., and Livermore, Calif .) . 

“65 

at & $ - ~  

Development and Test Complexity Increasing 

The laboratories continued to  d e d o p  advanced experimental ~; 

niques in underground testing. These efforts increase the ralu I- 

weapons design, and for effects evduatio11. Other efforts -cere ,jj-*& 
toward the derelopment of weapon compollents througll the 

OQdUP? 
methods to improve and simplify coimalid 
and to prevent the possibility of unauthorized  US^ of nuclear ’.reaFK,. 

Underground nuclear weapon development tests continued 
conducted during the year. These included tests of increased Tieli 
instrumentation systems of increased complexity, and ~ x ~ ~ ~ & ~ ~ ,  
directed toward hardening and determining vulnerability of ReaF,, 
systems. Nuclear effects tests required in support of developnlcnt 
grams also were conducted. I n  addition to those tests spollsorerl ;. 
the ,4EC, support was given to  nuclear events sponsored by the ~ o l .  

Basic and applied research continued in 1967, both to proride i. 
creased knowledge of nuclear phenomena and to meet program gc,d2. 
This broad program enabled the laboratories to continue to arlrsfi 
the “stSLt.e-of-the-art.” Laboratory employment remained stable ac~: 
the laboratories were able to recruit the necessary staff personnel, 

underground tests as a tool for diecking n ~ l e a r  device concepts C L, ‘if 

ilew materials and fabrication techniques. Development continUpli 4 i- 

rg 
control pr 

WEAPONS PRODUCTION 

The 1967 weapons production effort, in support of requirements, w2 
somewhat less than the 1966 workload. 

Stockpile Improvement 

Weapons production activities, in addition to the production 
new weapons, prorided for improved replacement systems, modifis 
tions to existing @ems, quality assurance and new materials sys” 
testing, and retirenient and disposal of obsolete weapons. 

Continuing emphasis has been placed upon meeting produpfig 
objectives at minimum cost. This facet of production begins .crith fk 

5 0  10252 
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THE KUCLEAR DEFESSE EFFORT 60 
design and development of weapons and their CO~poiie11ts. It . 

h 1 6 ;  
cost consciousness in the design process a l ~ l  in the pIaiinillg aw ex',- 

*: 

tion of the weapons production phase. 

Production Facilities To Be Modernized 

In  mid-1967, after extensiTe study of needs, a $100.5 lllilliob pp 
to provide additional production capabilities was autllorizrd 
modernization and expansion of facilities, expected to be 
by late 1971, will provide the facilities and iniprorements lleedbl 
produce new neapon systems required by the Don. The m 
of the modernization will be undertaken at the T-12 Plailt 
Tenn. ; at the Rocky Flats Plant, Golden, cola. : and les 
at the Pinellas Plant, Clearwater, Flat. ; Ssrannah River plant, 
Pantex Plant, Amarillo, Tes.; and at  the Burlington 4 i ~ C  
Iowa. 

The decision in October to deploy an antiballistic missile systc.p 
resulting in a further expansion of the weapons production faciii 
This expansion will become a part of the presently authorized 

UNDERGROUND NUCLEAR TESTS 

The AEC continued to conduct an underground nuclear tm pF- 

gram at the Kevads Test Site (KTS) . Such tests are permitted 
the limited nuclear test ban treaty (signed -4ugust 5, 1963, lrr  t;7 
United States, the United Kingdom, and the U.S.S.R.). Tlrroud I 

comprehensive series of underground tests, a capability has hi 
developed to support a wide range of full-scale underground erp? 
ments. Additional new and improved methods Tere developd !- 
conducting experiments underground. 

Latchkey-Crosstie Series 

The planned nuclear tests for the current Crosstie series cJiri: I 
1967-June 30, 1968) are grouped in four broad categories, thmi- 
which support the national defense effort : (a )  weapons-related 
cluding device development, tests ; (6) Department of Defense n v k  
effects tests; ( e )  joint AEG-DOD nuclear tests desigied for E-C 

and derelopment on improving detection methods and systems i'vG 
Uniform) . T h e  fourth category is PloTT-sIlsre (peaceful uses of nwS* 
explosii-es) experiments (see Chapter 11-The Plowshare 
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tests are reviewed, and mill continue to be reviewed, in 
with -4EC-developed procedures for public safety. Tests 

ted only with tlie expectation that they can be executed 
constraints of the limited nuclear test ban treaty. 

ifteen vi-eapons-related underground tests, including one DOD 
test, were publicly announced in 1967 under tlie Latchkey 

June 30, 196’7). Ten weapons-related tests, in- 
cts event, have been publicl_r announced in the 

o of the 25 weapons-related tests announced 111 
the higher-elevation Pahute Bless area 3 of 

TjlerO deeper emplacement holes allow higher yield detonations. 
ippendix 4 for names and dates of defense-related tests an- 

- - 
3 
s 
1 - 

lementa1 Test Sites 
~ WP 

-1 site-selection program to locate and develop underground test 
+.jlities to supplement the present Il’evada Test Site has led to a 
*!&,ice of Hot Creek Vnlley in central Kevada and Amchitka Island in 
\justa 8s locations for further investigation. X o  other areas are no\v 
-,ler active consideration. 

The use of supplemental test sites is not expected to affect the pro- 
-?anl~ IIOW conducted at the Kerada Test Site. 

central Nevada Site. Hot Creek Valley, about 70 miles northeast of 
~ ~ ~ , ~ p a l h ,  is about 15 miles long and 5 to  ’i miles wide. Extensive ex- 
~ i r a  tory drilling, hydrologic testing, and geophysical investigations 
IT undertaken at  Hot Creek during the first half of 1967. The AEC 
m to coiicluct an intermediate yield cnlibratioll test a t  Hot Creek in 

-..-ly 1968 to gain inforniation on the seismic effects and to explore the 
ibility of conclucting other detonations at  the site. An austere tem- 

*-i2y camp and a portable control point have been erected near IVarm 
i:.’iu~p, approximately 30 miles from the calibration site. The AEC 

not plan acquisition of estensil-e real estate. Only one square mile 
!;ublic land will be withclra~rn from public use for the calibration 

Gnder the plan for future testing, similar siiiall public land areas 
=L-unding the eniplacenient holes will be withdrawn. Larger areas 
‘Jibe subject to safety control during the test periods. - 
‘step. 126, “Annual Report to Congress for 1966.” 
‘ k P P .  126-128, “Annual Report t o  Congress for  1966.” 
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Afaskcrn fsland Site. Smchitka is an uninhabited island near tb 
western tip of the ,4leutian Chain, about. 4 2  iiiiles long sild 3 ta 

Of t t  
miles wide. Tlie remoteness of ,4mchitka Islaiicl avoids most 
safety problems (such as those directly re1ate.d to seismic effects oi 

NQtf ’ i  
builclings) and land ownership problenis d i i c l i  iroulcl liave con€ 
the AEC in Kevada. Tlie *4EC lias cooperated d o d j  with the r ,  
Departnlent of the Interior in measures to niiiiiniize the iiiipact 
man presence on the island with a minimum of disttirbance to lyildlif 

, 

o€ i; 
I 

Atmospheric Test Readiness. The B E € ,  in association with the Deparhen: e 
Defense, maintains a state of readiness t o  quickly resume atmospheric tsa 
if the limited nuclear test ban should be abrogated. As a part of this readinw. & 
specially instrumented KG-135 diagnostic aircraft (shown above) are used fm 
time-to-time in joint scientific expeditions with other Federal agencies to prorid. 
esperience for the crews and diagnostic technicians. ! b o  of the atmospbez 
diagnostic aircraft, assigned to  Los Alamos Scientific Laboratoq and Sash 
Laboratory, were used in March and April for a scientific experiment to ob= 
geophFsical rueasurenlents of the earth’s upper atmosphere and geomsgW 
field. n’hile Los Alamos personnel flew to Alaska, the Sandia crew flew to 5 s  
Zealand with duplicate instruments to gather data simultaneously at tTF0 

rate points on the auroral spectrum and cosmic rays at magnetic conjus’ 
points. The Sandia group then flew on a n  equatorial path around the fforld: 
measure the distribution and intensities of cosmic rays and air glow as a fmi.:- 
of altitude, latitude, and longitude. The flights in the northern and southern 
spheres provided the AEC technical and Air Force flight personnel additt*- 
experience in instrumentation and aircraft operation during a non-test pcx 

VELA 
The Vel 

the DOD? 
march  ai 
tilities of 
The total - 
of the wea 
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the natural environment. hnchitka, was the site of the DOD- 

(T’eIn detection) in 
,1150 

- *  1965. Long Shot caused no significant ciaillage to the island 
““>~~ife .  The ,4EC awarded a contract for a drilling program 

loratory and event emplacement holes) at ,4mchitka in 
and, at year’s end, drill rigs were operating on Snichitkn. * -. d b 

cb 1961 
nctioil with that vi-ork, harbor facilities have been built and ti $r 

* _  L.011JU 
I facilities have been improved. A temporary 5OO-man camp &ld set up on the southeast part of the island. ken 

z 

3 10 red, deep underground Long Shot test 

, jt5 

ATMOSPHERIC TEST READINESS CAPABILITY 

e ,4EC continues to maintain and improve the capability for 
tion of nuclear testing in the test ban treaty prohibited environ- n 

@P Bhould it be directed to do so in the event of an abrogation of 
@trestr, or in the interest of national security. I f  necessary, the 
3f a aiil be able to resume testing in the atmosphere, underwater, 
,t 

space, within a minimum reaction period. This capability was 

&eBeats facilities (Johnston Atoll and the Hawaiian Island com- 
~&) and their technical equipment are being held in readiness. 
IVbg 1967, maintenance and reliability improvement efforts were 
rtpl abreast of lnborator~r-generated advances in technoIogg. 
?;on-nuclear airdrop readiness exercises were conducted to maintain 

% diagnostic capability, increase technical proficiency, and to exer- 
9 the airborne diagnostic capability. 

2 I:iia~ly attained on January 1, 1965. 
§d 

9 VELA PROGRAM ACTIVITIES 
The Vela program is a joint AEC/DOD program supervised by 

I 3 DOD‘s Advanced Research Projects Agency (ARPA). It is a 
-3rd  and development effort conducted to  improve the U.S. capa- 

~ -UB of detect ing, locating, and identifying nuclear detonations. 
‘ &total AEC effort devoted to Project Vela is less than 1 percent 

i he veapons program operating budget. 

Vela Uniform 

Tela Unifornl program uses both nuclear and chemical explo- 
to proride data needed to evaluate the U.S. capability to detect 

- -  
* z  

* P h  107-106, “Annual Report to  Congress for 1965.” 
3 I s g 1 0 2 s - /  
f 
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underground nuclear tests. The DOD has the adIninistrative, ful 

(less nuclear device and diagnostics) , and technical respOns. 
this program. The AEC is responsible, in collllection 
tests, for: (a) construction and firing; ( b )  determinil1 
conducting post -shot drilling ; ( e )  iiist ruments for Cl0se-h nlea 
nlents ; and { d )  public safetr. Four underground nuclear expepirrli 
]lave been conducted under this progranl.6 

BXeasurements of ground shock accelerations and other eff,,,k 

continued during 1967 in conjunction with KTS underground 
the operation of both short and long-range seismic recordin,, 3 %- 

b 

Status of Salmon-Sterling Site 

During part of 1967, tlie Rlississippi facilities used for the salrrill, 
(1964) and Sterling (1966) tests were mailltained On a standby 

done in early 1968. 

ARPA has nom requested that tlie AEC drill into the Salmon.Sterliu, - 

cavity to determine its suitability for possible future use. This 9 

Other Vela Uniform Experiments 

An underground experiment, calIecl Scroll, is planned for int;, i’ 
the NTS as a low-yield event in a lowmoisture content and hi& 
porosity soil medium. 

Another test called Payette, has been proposed as a fully d ~ o ~ l p ] ~ ~ .  
event of low yield in a large underground cavity in salt. A fasib&t, 
study is underway to establish the best methods and the e c o n o ~ i  
of constructing such an underground cavity. 

Project Gasbuggy, a joint Plowshare-industry experiment lS 
Chapter 11) near Farmington, E. Mex., in December included y& 
I;;niforin experiments. Adjacent boreholes that would not interfep 
n-ith the Gasbuggy project were drilled and instrumented to rmr. 
characteristics of close-in seismic coupling in a sand-shale medium: iz: 
surf ace seismic niessurenients. 

c =  

Vela Satellite Program 

The continues to participate in the joint DOD-AEC 1-h 
Satellite program. Under the program, Sandis and Los Alamos 

‘Vela Uniform erents conducted to date were: Shoal, October 26, 1963, near F* 
Ker. ; Salmon, Oct-ber 22, 1964, near Hattiesburg, Niss. ; Long Shot, October 29. 
Amchitka Island, Alaska; and Sterling, December 3, 1966, in the Salmon event 
‘ “Decoupled” is the use of an underground cavity in  such a way as to  reduce fs 

amount of shock and earth movement imparted to the surrounding medium. In tk* 
W’aF, the true magnitude of the explosion may be concealed or the effects may be 
below the capabilities of a detection system. 
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INSTALLATION SITE 

t m m t d  Scbnt ic  Obscrratoru. Diagram on left shows the installation of a 
- - q p e  unattended seisn~ologic.al observatory ( USO) designed, fabricated, and 

fed by Saridia Laboratory personnel as part of the Tela Uniform program 
14tor .  identify. rind locate undergronnd disturbances. !hvo USO’s have been 

t.d for a year‘s emluation, one near Fairbanks, Alaska, the other near 
. rta1i. The seismometer package is a t  the bottom of a cased borehole 

-* muc.11 as 200 feet deep). The small shelter just below the surface houses 
-rfmiC s!-etems arid timing and recording devices-accessible to personnel for 

t m m e  and herricing required about erery 90-110 days. The cut-away of 
-- ‘h~rt.-h~le package (on riglr t shows the s.ystem of seismometers, alignment 

and rotating mechanisms, upper and lower locking feet, and other com- 
‘ 5 t - x  for sensing and reporting seismic pulses. 

-1 c _- 
L L k i  
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tific Laboratory are doing research and development toward a 
to detect and identify nuclear explosions in space or d 
atmosphere through satsellit e-based systems. 

Q%i 
OIv-1-‘11 ir,tc, I 

=.- 

Status of Orbiting Satellites 

Eight AEC-instrumented, orbiting Tela nuclear test dete 
ellites are performing test ban nioiiit,oring functions. TIle 
(Launch IT?) were placed in orbit on ,%pril 28, 1967, usin 
I I IC  booster system. The t-i-i-o new sentries are 
180O-spaced positions on a nearly circular orbit of about G ~ , o ~ ~  

in the recording of optical and electromagnetic radiations fr 

proved detector systems for neutrons, gamna rays, and 

cal miles radius, comparable to the prerious six. Eartll-orient,atiorl kkQ* a 

clear detonations that might be conducted in the atnlOsphere. E. 

hig11-altitude and space sur~~eillance are employed. Instrument-. ‘F 
obtain data on background radiations, primarily those emitted f3 ab: 

I; 
I 

the sun. -e 

Agena. booster systems in October 1963, July 1964, and J u l y  pbc;. I- 
addition to performing their test ban monitoring functions,‘tlle, $--: 
reported a wealth of new scientific data on the solar mind 2nd :‘* 

interaction with the magnetic fields around the earth. 
A fifth launch of twin satellites is scheduled for the future. F:~+ 

will hare increased nuclear test detection capabilities and Fill inyo!yi 

cnrth-oriented spacecraft. The launch will use a Titan IIIC ItOr5:t. 

The six earlier satellites were placed in orbit in pairs with 

. . u t -  

Vela Surface Detection Program 

The SEC,  with LASL conducting the research and derelopmp~ 
participates with the DOD in studies on the ground-based detectkz 
of nuclear explosions in  space. The joint program is directed pr 
niarily at  the nir fluorescence detection method. The concept is ti&* 
on the measurement of the fluorescent light produced in nitrogen 
high-altitude air  is bombarded by X-rays from a nuclew expltri-: 

Results of a. joint LEC-DOD lightning stuciF, conducted at L - K  
in the siiiimier of 1965, have leci to improvements in the nbili[! ;& 

ciiscriminate between nuclear n-eapon detonations and l i g ~ ~ ~ ~ ~ ~ ~  
flashes. 
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ess has authorized 107 nuclear-powered submarines, includ- 
f the Polaris missile-launching type and one deep submergellce 
vehicle, as well as eight nuclear-poITered surface ships. Of 

74 nuclear-powered submarines, including all 41 Polaris missile- 
ng type, and four surface ships-the aircraft carrier Enter- 
e guided-missile cruiser Long Beach, and the guided-missile 

-,.Jtes Bainbridge and Truxtun-have been placed in operatio11 and 
;*ge;lrned over 10 million miles without ever having to abort a m i s -  
,zhcause of a failure in the reactor plant. 

NAVAL 
PROPULSION 
REACTORS 

The t r o  reactors for the Kavyk next attack aircraft carrier, the 
& ( CrA4N 68) , are the highest-powered, longest core-life reactors 

development in the n a r d  reactors program. Each will produce 
as much power as four of the Enteqwke-type reactors. With 

rs, the .Kimita will be able to steam for 13 years without 
-5eling. In  addition .to the ~Vimitz ,  the Department of Defense has 

sted that it expects to request two additional nuclear-powered 
carriers in fut-ure shipbuilding programs, mtdcing a total of 

clear aircraft carriers in addition to  the now-operating 

:huing 1967, the EnterpTise and Bainbridge completed their second 
2:narn deployments, and Long Beach completed her first. The oper- 
a of these nuclear-powered surf ace ships continues to demonstrate, 

1 combat conditions, the tactical flexibility and freedom for 
--+Pendent action as a result of virtually unlimited endurance at  high 

ProY-icied by nuclear pov-er. Truxtwn, the Xavy's second nuclear- 
ered guided-missile frigate, was commissioned in May 1967 and 

the operating fleet. 

)OS t p r. 

ment, 
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Deep Submergence Research Vehicle (NR-1) 

- 
3-iiclcnr Fleet A(7diti01~~. Artist's concelltion n h o r c  is of the Xi1,lit: (c~-.js $, 

the Saq-'s sec*ond nuclear-powered aircraft carrier. Her two  reactor 1 ' 0 ~ ~ ~  il:e 

last for approsinlately 13 years of n o r ~ ~ a l  ship operation, produce in excrz. 
2OO,(MO shaft horsepower, and propel her a t  speeds in excess of 30 linots. ?;h, 
csi)ec*ted to require refueliug only once in a normal ship lifetime. ~ c i r ~ t r  ,. :. 
artist's conception of DLGN 36, the Karp's third nuclear-powered gui,-jcyl.L3 
sile frigate. Her initial fuel loading will propel her for over 10 years I)cfr,p + 
fueling becomes necessary. Congress au tfiorized two additional nuclear-jnnpp 
guided-missile frigates in the FI' 196s Department of Defense Authoriz.i:,-: 
Rill in place of two non-nuclear guided-missile destroyers requested by the I)(@ 1 

i 

1 
.a- 
h' 
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ause of the vastly increased endurance macle 

nuclear povi-er. KR-1 is designed to operate on nnct near 
bottom for periods of time limited only by the prorisions 
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Polaris submarine patrol was completed in 
days of operation by the Lafayette (XXB,17 

initial Polaris patrol by the George 7VacslLington 
598) in Kovember 1960, Polaris subinarines have coinpleted 

days on patrol. The WiZZ Eogem, last of the presently 
d fleet of 41 Polaris submarines, deployed on her initial patrol 

7,  marking the successful completion of this major 

on research and development to provide ad- 
ores of higher energy density and longer life 
tive of developing cores that will last tile life- 
es now being installed in nuclear subnlarines 

nlnst for more than 10 years of normal operation and propel the 
for approximately 400,000 miles. 
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I AND TECHNOLOGY 
attained its goal, with regard to light-water reactors, of 

0 tlie twlinological base for LZ competitive nuclear power in- c,ridint, ’’ the AEC is now concentrating efforts to furthering advanced -4V! 
** E primarily breeder concepts. Such reactors would make more 
&? 7 
aient use of uranium, thus helping to  conserve this natural resource. 

a cooperative program, industry and the AEC are assessing the 
_ztinaing development of advanced reactors and establishing stand- 
_- i- . ud codes that will assure and strengthen the safety and success 
<RActOrs. Xew emphasis has also been given to the use of nuclear 
A*5m for desalting and other industrial processes. 

@vi% 

r- 

.* 

- ‘C* 

ASSESSMENT OF NUCLEAR POWER 
rae BEC, in cooperation with laboratories and industry, has under- 

a review and reassessment, with the encouragement of the Con- 
,&onal Joint Committee on Atomic Energy (JCAE), of the pro- 

for the development of civilian nuclear power. Developments 
= r h  civilian nuclear power program since 1962, and the AEC’s ob- 

~ 5 ~ e . s ~  policies and procedures affecting the future development ef- 
rztsof the AEC, were identified in a report issued in February 196’7. 

The AEC is now making detailed technical and economic analyses 
different reactor concepts that might be used for the produc- 

of electricity and for dual-purpose operations. These analyses, 
ated in 1967, will continue into 1968. - 

. arb Kuclear Power-1967 Supplement of the 1962 Report to the Presi&nt”, 
-&’by *he Superintendent of Documents, U.S. Government Printing Office. Washington, 

w02. Pace $0.40. 
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First Analysis Report on Water Reactors 

"Pent s The first anal+ report to be coinpletecl was the '6cu 
and Future Technical aiid Ecoiioiiiic ro tea t id  of Licrh 

%ter actors.?' 3 The report was prepared under the direction 
task force by representatiyes of S. AI. Stoller Associates of Xe,! :Lri I' 
City, and the Jackson aiid 3lorelaiid Dirisioii of Eliited &lc,i 

actors," ail1 be available in early 196s f r o m  the  Superintendent of Document,, ~ a 1- i, 

t - l p  

&I 

u. 

* _  

b Q%-. 
i 

2 "Current S t a tus  and  Fu tu re  Technicnl and  Economic Potential of L~~~~ n. 

ment Pr in t ing  Office, Washington, D.C. 20402. .L f*.L 

Advanced Test Rcactor. Technicians load fuel inside the pressure resvel U! TSI. 

Advanced Test Reactor (ATR) at the h'ational Reactor Testing Swtil)m: 2 
Idaho. This view, taken through an access port, shows the upper end of %s 

4-lobed serpentine core, situated 19 feet below the reactor's top head. The r~ 
"pipes" are two of the nine inpile tubes which will proride spaces for in 
samples of reactor fuels and structural materials to  be performance-tes 
the ATR's high neutron flus environment (up to  3.5 x lo'' neutrons per 
centimeter per second). The 12 curved pipes contain detector instruments 
to control reactor power. A unique feature of the ATR is its nine indepndP'-: 
adjustable testing zones. The L E G ' S  newest and largest materials test re'" 
WhieWd first criticality ( a  sustained and controlled chain reaction) 011 JCsr' 

19G. Full power operation is scheduled f o r  early in 1968. The ATE is Ol@n'" 

for the AEC by Idaho Suclear Gorp. ; the principal nuclear contractors 
design and construction were Ebasco Serrices, Inc., and the Babcock ik 'Xilc'Jsi a Xembership c 

ems haring a di; 
kehnical, and go7 
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cto rs 7 Inc., Boston, Mass., with the cooperation and assist- 
+$? rd four light water reactor nianuf acturers : Babcock & Wilcox 

'lTindsor, Coim. ; General Electric Co., A4dvanced Product Op- 

,4J, Reactor Div., Pittsburgh, Pa. The final report is to  be printed 

-%* of E n e r a  Div., Lp3iburg ,  Pa.  ; Combustion Engineering, 

Sunnyrale, Calif. ; ancl Westinghouse Electric Corp., Bd- 3-.+ 

.'OD? 

Task Force Studies 
$cf 

task forces are evaluating : ( a )  advanced converter reactors, 
and gas cooled fast breeder reactors, ( e )  liquid metal fast 

der reactors, and ( d )  the role of thorium. These studies include 
assessments as well as consideration of the future nuclear 

$ccomplex and the utility outlook. 
completion of the evaluations of individual reactor con- 

the various concepts will be conipared so that the future roles ' various civilian power reactor systems can be identified. 

@er 
$1 $enm 

SP 

t* 

Standards and Industrial Codes 

De AEC has been engaged in an extensive program, in coopera- 
+th the nuclear industry, professional societies, and the U.S.A. 

mdards In s t i t~ t e ,~  to draw together and consolidate the existing 
hological base, in the form of recognized and proven criteria, 

@dar&, and codes, to better assure the safety and success of re- 
zjor projects. Standards are the yardsticks against which approaches 

desi@ criteria are measured. They are statements of technology, 
&ices, and specifications in the areas of design, construction, inspec- 

quality control, proof -testing, and operation. They embody the 
A u r a  and practices used for obtaining and confirming perform- 

as those being developed by this program are needed 
-&ne the existing technical base upon which the advanced develop- 

11 build, and for immediate and direct application to 
'zoritj SEC progranis. The>- may also form an important base for 
awry, regulatory bodies. ancl tlieir related standards activities in- 
-ired Kit11 otlier tzpes a n i  applications of reactor plants. 
k n s e  of the magnitude of the program is reflected in the fact that 

%Reen 3,000 and 5,000 engineering specifications are needed for a 
‘?tal reactor project. Standards provide the basis for these engineer- 

23= 

-4 
it:r 

t t-d 

t -. - * . C  
1% 

'VQbership of the  U.S.A. Standards Ins t i tu te  consists of representatives of organiza- * a direct or substantial  interest  in n specific field ; it is supported by industrial, 
%. 

* -7 and governmental organizations. 
c J q  I O 2 b t l  
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Areas of Application 

The technical areas i n ~ ~ l ~ e d  encompass design, analjt.icsl 
material, equipment, processes, fabrication, collstruction, 9ualiti -i 
surance, inspection, testing, rnaintemnce, repair and Operation. . a  

\lTithin the ,4EC reactor development programs, strengtllen. trig g 
tions are being taken to establish and enforce systematic dieipl;, 

ril 

Test R€aCtOrS Co))zplcx. Aerial yiew of the Advanced Test Reactor t - k z  
building, its cooling tower, and stack at the National Reactor Testing 
in Idaho. The basic d T R  facility in fwcgrmind, was completed during 1 G  
the giant 330,000-kilowatt thermal (Kn-t.) reactor achieved first criticalitr 
ing July. The other two large buildings house the 40,000 Kwt. MnterialsT- 
Reactor ( U T R )  7cft background which has been in operation sincv 1!L7L s 
the li5.M@-kilo\vatt Engineering Test Reactor (ETR) , right  hW?d7ptbd 

operation since 1935. 

b d e r s  Pro 
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hat the technical criteria, standards, codes, 
ed and emplored ; and (6) that recognized 

sed where applicable and, where not, they are 

h and development programs haJ-e been augniented to- 
underst nncting, dedopment,  and application of 

stablished at  Oak Ridge National Laboratory 
r systems, and at the Liquid Metal Engineer- 
liquid metal-cooled fast breeder reactors, to 
ent, and promulgate engineering standards 

ng given to tlie standards and practices asso- 
of reactor priinary systems. Detailed uniform 

AEC-owned reactor programs are being 
*,Ked and distributed. 
4 

Need {or Breeder Reactors 

the 1965-67 period, utilities ordered central station nuclear 
mlants vith a net total capacity of over 45,000 megawatts of 
wicitr (hh-e.). I n  addition, plans have been announced for con- 

other nuclear plants having a total capacity of 10,200 B1IJTe. 
tJle plants ordered or planned, all but one (a 330 Mwe. gas-cooled 

hare been boiling or pressurized-water (light water) reactors. 
+ Appendix 5-Central Station Kuclear Powerplants, for listings 
:&ions in operation, under construction, or on order.) The large 
&r of the light water reactors being sold has resulted in placing 

emphasis on the need to  develop breeder reactors, because current 
&water reactors use only a very small portion of tlie total energy 
mkble in uranium resources. 

3 s  

i d e n  Produce Own Fuel 

kmiwn? when mined, has two usable fuel forms-uranium-235 
-1, I ,  a. fissionable material existing in very small quantities in 

and uranium-238 (TJ238), a fertile material. 9 fissionable 
-&.a], plutonium-%g ( PU"~), is fornied by neutron irradiation of 

-_ - 

3 4  - 
a*um-238+ one neutron +, uranium-239 ; uranium-239 + neptunium-239 ; neptunium- 

d~~intOnium-239. Uranium-239 and neptunium-239, both highly unstable substances 
.'.stivelF short half-lives of 23 minutes and 2.3 days, respectively (the time taken 

s*'au the atoms to undergo radioactive decay) are formed as intermediate products ; 
swt'cles are thrown off in the process (an electron emitted from the atomic nucleus), qtuiu9fq IhgT p3Da beta particle to  form plutonium-239. 

U 
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m1e lleat, generated within a nuclear reactor is produced by ~~ 

sioning, or breaking apart, of atoms. Therefore, nuclear r 
must naturally fissionable or be capable of k i n g  ConTe 
sionable lnaterisl (see discussion of "Vraniuiii Ellrichnle 
her I-Source and Special Suclear Materials). 

ur;iniuni ( ~ ~ 2 3 s  ) to fissionable plutoniuiii ( P u ' ~ ~ )  , or Collvertillc, 
Breeding is a higldj  b efficient form of conwrsion of noIlfisSi'JII:l 

sionable thorium ( T P )  to fissionable uranium ( UZ33) . B~~~~~~ h hrl[i 

tors produce more fissionable materials than they consume, ti.., 

It, zation of from 60 to 90 percent of the uranium lninec] xj collipaht,; 
present utilization of about 1 percent. A proportionally loaef f. 

Fi* 
tricitv is predicted. This can be comparecl d h  a preclictecl eo(J8 r f  

Successful development of breeder reactors should pernlit 

' *  

cjTcle cost of less than 1 mill for each k i l o \ ~ a t t - h o ~ ~  (kJTll) of 9. 

FzicZ Biimzztp Study.  A two-stage mass spectrometer in use at the Xatiollilfb 
actor Testing Station by Idaho Piuclear Corp. is providing data t o  enahle W 
niterators to accurately measure fuel burnup and reactor operating hiutm. * 
instrument can determine the absolute yields of selected stable and long*m 
fission products in irradiated samples of Uranium-333 and -23.5, and p l U € a e  
239 and -241. Among the more important fission products measured in aisP 
gram are isotopes of krypton, zirconium, molybdenum, ruthenium, senon, 
and various rare earths. The photo abore shows the two-stage mass Spec- 
with surface ionization source a t  left,  first shge magnet at top center, =* 
stage magnet at top  r i g h t ,  and readout console at far Zeft. The IWP@''~ 
on air cushions to prerent vibration and permit accurate focussing. 
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or the light water reactor central station plants 

fuel cost for uranium, since the breeder reac- 
use plutonium for  fuel, these reactors provide a market for 

tured in the process of "burning" Lzranium in 

JANUARY-DECEMBER 19 6 7 

 DER REACTOR DEVELOPMENT 
stry's acc.eptance of the light-water reactors, the AK:C 

the higlmt priority to the development of liquid 
fast breeder reactors (LRIFBR) . The overall objective 

rough research and development and technolo,oy and 
evelopments that mill make it possible to  design, con- 

and safely, reliably, and economically operate fast breeder reac- 
r use in central station nuclear powerplants. 

Bp- 
rtut 

'fpe 

f red 

1 i f r e  

us 

.td 
nif. 

LIB- 

m a ~ ~ m  Alloy Test Sample .  Component metals for a reactor fuel alloy are 
=4 inside a tantalum capsule in preparation for  thermal analysis. One of 

'kDre Promising of the alloys presently being studied a t  the AEC's Nound 

aQium form an  ideal breeder fuel ; the zirconium is added to provide d e  
li)ecC@i&l$&aracteristics a t  high temperatures. 

ff, -- rS is a mixture of plutonium, uranium, and zirconium. The plutonium 
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LMFBR PROGRAM 

The general guidance for the liquid n1et~l-cooled f hRe, reactor (LhIFBR) effort as well as for the other reactor &velopl,,, P 

programs, is to successfully achieve p*o.gi*am objectives xit11 minirIir: - 

of industry and development of industry’s capabilities will be ento+, =_ 

expenditure of funds, time and technical resources. The pafiicipa:, 
aged toward development of meaningful industrial competition. TE;I 
will be maximum use of previous investments in resources and 
tion of the Government% interests and responsibilities. 

~ -- 

~ & U ? & s O ? l i C  &‘cunning. An ultrasonic scanning device capable of locating SS 

identifying objects in opaque, high-temperature liquid sodium is being derGF 
by Atomic Power Development Associates, Inc., Detroit, Wch. Pattern 
nition at relatively close range has been demonstrated in sodium at 600” F* i e s  
~ . 5  megacycle per second sound waves. The t o p  view of the photo 
aluminum target used in the development program ; the bottom, vies is ** 
reproduction of the printout. 

0 
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s point Technical Program 
= 

’’ &Ie0 

L~IFBR Progmm Office a t  Argonne Xniional Laborat ory 
initiated detailed program plans for the overall program 

t11e following teclmical program elements : ( a )  plant design ; 
orients ; ( e )  instrumentation and control : ( c l )  sodium tech- 

. ( 8 )  core design; (f) fuels and materials; ( 8 )  fuel recycle; 
piG; and (i) safety. Each of the plans iiic.lucies ail assessnient 
stab-of -the-art, defines the objectives, establishes criteria and 

ents for the programs, and describes the technical program 
achieve the objectives, including estimated costs and 

~ i - ,iEC’s overall mission includes fostering the de.re1opmen.t of a ’ titive and self-sustaining nuclear industry. During 1967, con- 
$&le progress was niade in identifying the strengths and weak- 

in the nuclear industry applicable to  the liquid metal-cooled 

= 

: @ripe 

et* 
-.breeder reactor. 
2- 

ac]lievament of a competitive and self -sustaining industrial 
b$ty for the LMFBR powerplants requires that industry be *y 

ZfLI lTd, to tlie maximum extent possible, in LllUFBR development 
The -4EC is encouraging industry to participate: by re- 

TlTq - yr alld commenting on program plans; by participating in the 
A:m and construction of AEC facilities; by undertaking research 
Tdeyelopment work both to support the LlSlFBR program and to 
zmhen their LMFBR capabilities; and by taking the initiative 

design and development of demonstration plants eventually 60 
nbuilt and operated by this industry. 
ne design, construction, and operation of demonstration plants 

-aimportant part of tlie LMFBR program, and one in which the 
St-industrial team must work closely together. To tlie extent possi- 
s . E C  programs will be geared to  the demonstration plant sched- 
z XI that necessary technology and engineering information Fill 
Israilable when needed. The precise timing and number of the dem- 
a t i o n  plants must eventually be resolved among industry, the 
-- k, and tlie ,4EC. 
hdbtq is expected to  perform a major portion of tlle derelop- 

actiL4ties so that technical “know-how” and capability will be 
T@d in the industrial realm in order to achieve the strongest 

=** 
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A'odiuni. Distillation. Very few techniques a re  available for the analpi> ~5 = 
purities in sodium. As part  of the program to develop such techniques, a W* 
to remove radioactive sodium from nonrolatile impurities by high-varunr e 
tillation has been developed by Stomic Power Development Associates, I@ 
sodiuiii is contained in a molybdenum crucible in the bottom of the glass 
tion flask-condenser. An induction heater is used to heat the sodim a 
apparatus is maintained a t  less than 10-microns absolute pressure. The 
tion was d e r e l o m  as part of the analytical techniques for  determb:-=. 
osygen, iron, nickel, and chromiuni in radioactive sodiuni. S O W  thp V+ 
sodium vapor glow in the upper portion of the condenser and the <*' 
sodium just above the heating coil. 
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,es of industrial Participation 

8 physics data has made their increased use desirable. During 
e mC requested cerfxin industrial firms to nominate quali- 

3ace in the design and analysis of experiments. This has 
in connection with the Zero Pover Reactors (ZPR’s) 

yation-al Reactor Testing Station (KRTS) in Idaho and 

h 

t 

r 

Is Studies. Research at Oak Ridge Xational Laboratory has led to devel- 
of equipment capable of producing transmission electron-microscopy 

from radioactire bulk materials in less than 30-minutes, a saring of 

r .Wcimens, which are mechanically sliced from the test material, and 
he thickness from 10-20 thousandths to 10 millionths-of-an-inch electro- 
S. A photocell detector stops the polishing at the right point. Because 

’~“iautornatic nature of the equipment, the operator is freed for the other 
’tp-, study of the specimens has increased researchers’ knon-ledge of the 

structure of metals and experimentation with s.tainless-stee1 metals is 
to be Of benefit to the fast  ,breeder reactor programs. 

-*I : bars  oyer preTious techniques. The equipment accepts one-eighth inch 

- 

- 
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a result of this AEC-industrial cooperation, represe 
try are contributing to the LRIFBR physics research pro 
same time, they are enhancing their own and their co~lpanies~ 
in fast breeder reactor technology. 
long-term assignment to the project group at L4rgonne 
oratory which was established to give nianagement and t 
tion to the 1,000-Mwe. plant studies being conducted 
plant manufacturers (see “1,000-Mwe. LRIFBR Studies,?, p. s 5 ) *  

Some of the Government-owned facilities of importan 
LMFBR program, of which some are presently in operation an 
planned or under construction, are the Experimental B 
No. 2 (EBR-2), the Zero Power Plutonium Eeactor (2  
the Zero Power Reactor (ZPR-3) atr National React 
tion; the planned Fast Flu Test Facility at the Hanf 
Wash. ; the Liquid Metal Engineering Center with i 
ponents Test Iiistallat,ioii Liquid Met a1 Informatio 
Sodium Pump Test Facility in Santa Susana, Calif 
generator a t  Argoniie National Laboratory ; and th  
at  Oak Ridge Kational Laboratory. Private facilit~ 
significant contributions to the program, primaril 
of fuels and materials and LJIFBR pliysics rese 
Feriiii Atomic Power Plant (Fermi) in blichigan, and the Soutila,. 
Experimental Fast, Oxide Reactor ( SEFOR) in A4rkansas. 

Experimental Breeder Reactor No. 2 and Fermi 

The EBR-2 at  NRTS is the primary fast flux ir 
of the ,4EC for fast breeder reactor fuels and m 
The plant was shut down as planned on December 31,1966, to i n c m  
the reactor core size by one-third. Operation resumed in April 1%: 
Horrever, technical difficulties, including a reduction in the rezw 
power coefficient of reactivity, fission gas release from an experhen 
fuel irradiation capsule, and a driver fuel el 
primary sodium, and more than predicted irra 
blanket fuel, required that the reactor be shut dom-n for e m &  
periods during 1967. This prevented accomplishment of planned 0~- 
tions. Further, as a consequence of these difficulties, reactor operati- 

physics, instrumentation, and primary sodium 
been incorporated as a part of the routine oper 

procedures 1iaTT-e been modified, and additional tests, includinr tm 

utility engineer has bee, . 

6 Zero power reactors ( Z P R )  are experimental facilities 
lerels that a coolant is not needed and little radioactivity 
prirnarilx to esperiment with core configurations. ~ 
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riority has been assigned to resuming operation of EBR-2 
imum possible arailability consistent 11-ith reactor safety. 

*crgtion of ai1 obstruction in the coolant svstem and subse- 
failure preI-ented operation of Fermi for  all of 196i. 

Test Facility (FFTF) 

1 II, 
t l i ,  

-1 I.*= t 

4 * 
’‘t-.- *I Flux 

‘ J I  ;; * r f i  

I ?  E 

i i ! .  

.t 

f =  

ii 

uressed in 1967 on the design of the Fast Flux Test Fa- 
~FFTF) at  Hanford. This facility is being designed to  test 

rials which will be used in demonstration plants and 
breeder reactors by exposing the material to a “sea” 

trons, thereby creating the radiation environment of a fast 

VreSS has authorized $87.5 million for the FFTF. During 1967, 
<OD= 
I ~ E C  initiated action to select the contractors for arcliitect- 
llHrs, construction ninnageinent services, and the reactor plant 

r, Contractor selections will be made in 1968. Coiistruction of 
TF is expected to start in 1969. Full pover operation should 

i)ians Pro- . 

= .  

htained by cperating the  FFTF without a moderator material 
the neutrons rebased by  the  I I U C l f m  reaction remain as close as possible to  their -. b 

-..I e n e r n  l e d  
_.I 

W m E  HEAT EXCWIBL 
CLDSLD LOOPS 

fX+WMT RVfR 

- _  
- f  C m x p t .  Drawing shows the conceptual layout of the E’ast F l u s  Test 

r IFFTF) which will be built at the Hanford Works in Washington. 
e-Sorthwest, which operates the Pacific Korthwest Laboratory for the 

-. has been assigned FFTF project design and construction management. 
pFTF will provide a fast-neutron environment similar to that  expected 
‘r-d~r reactors of the future and will tw used as a national testing complex 
* &  and materials that are candidates for  use in fast reactors. 

- 1. . 
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liquid Metal Engineering Center (LMEC) 

Fast Breeder Reactor Physics 

The AEC is carrying on an extensive fast breeder reactor phrg- 
p r o g r ~ i i ,  as well as 3 fuels aiicl materials developnzent 1 1 r o p ~  = 

obtain the basic data needed for the design, construction, aiid t t p :  

tion of safe mid economic nuclear powerplaiits. Major attentics 
being given to  the coiiipatibilitF of the fuel and structural n i :w :  

in a sociiiuin coolant enviroimient. 
The main facilities for the fast, breeder reactor physics 11r ~ 

are the ZPR's, ZPR-2 at K'RTS and ZPR-6 and -9 at ASIh' 

Molten Salt Bri 
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XRTS, and t,lie SEFOR, a 20-niegawatt thermal (Rfwt.) 

I[''' ': Fayetteville, Ark. SEFOR is a joint .undertaking of the 
,4tomic Energy Associates, Gesellschaft fur  Kernsfor- 
est Gennan?), Euratom, the AEC, and the General Elec- 

2 . io .  
; 
: Ibt' 2 ~ ~ ' s  are now in use. ZPPE and SEFOR. are scheduled to 

if;, ,eratiom in 1968. 
',I <>I1 01 

~ 

1,000-Mwe. LMFBR Studies 

tRlcts \yere a\\-arrleci General Electric, S:in Jose, Calif. ; Com- 
gIlg-ineering, Windsor, Conn. ; Westinghouse Electric, Pitta- 

Pa, ; Babcock & Wilcox, IJpchburg, 1's. ; and Qtoinics Inter- 
R1, Caiioga Park, Calif. : for separate studies of 1,000-41Te. 

plants. These studies are to  provide guidance in identifying 
and developiiient programs necessary to achieve tho, 

nolog for building a safe, reliable, and econoinic 1,000-R4we. 
plant in the 1980's. 

OTHER BREEDER REACTORS 
' f  

,IEC's program to derelop liquid met al-cooled fast breeder 
170E (LBWBR) has tlie highest prioritr. Hov-emr, work is cur- 
--+ -L underway to investigate other reactor concepts wliicli appear 

i1:1ve potent in1 for breeding. These inclnde gas and steam fast 
-derj, the molten salt. breeder reactor, and the light water breeder. 

&en Salt Breeder Reactor 

Tim are tvio major elements in tlie molten salt breeder reactor 
-min--one is operation of tlie Nolten Salt Reactor Experi- 

(31SBE) at Oak Eidge Sat iond Laboratov, and the other is 
-:ri.h and deJ-elopment in support of tlie molten salt breeder con- 

+ The BISEE is being used to demonstrate the feasibility of the 
n salt reactor concept.9 It first achieved a self-sustaining nuclear 
on in 1965. Ileactor pov-er was increased step bx step until it 

--:led the ni,zsiniuni pori-er level of i .5  Mwt. in Jfav of 196G. The 
E achieved cz total of ~ $ 6 ~ 3  equimlent full power hours of oper- 
during 1%:. mostly at  iiiasimnin power nncl  temperature. 

LE JIolten Salt Breeder Renctor (JISBR) ofYers the potential for 
electric power with a thermal neutron spectrum, fluid fuel 

I 

! 

-. 

r - 
that uses molten salt and uranium for both fuel and coolant. 
r- 

a:! ! U 2  18 
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system, operating on the thoriuiii-~rani~~m-.333 cxcle. Tllis 
would be a true back-up to the high priority LMFBP' L s fast 2; 
spectrum, solid fuel system operating on a urnlliulrl-plutooiuni 
The approximately 1.05 breeding ratio predicted for the 
combined with a low fuel specific inventory and continllou - J  

avopG. 
overall economies. HoiTever, a significant research and d 
program xi11 still be required for  a realistic eraluatioa of tile l'Otc 
tial of molten salt reactor systems for economical power prodU,ti 
in large central station plants. 

fuel processing, could result in 10w fuel cycle costs and f On-] . 

ePelOI,,,i, 

Light Water Breeder Reactor 

The Light Water Breeder Reactor (LWBR) concept is ha, 
on an advancement of the seed-blanket technology of the sllipp. 
port L4tomic Power Station in Pennsylvania which was built, and 
operated, under the direction of the AEC's naval reactors 
Developmental work on the LTVBR is being carried out at the dEr 
Bettis Atomic Pore r  Laboratory in Pittsburgh, Pa. 

Based on the work done to  date, i t  is expected that a successful 1- :? 
water breeder core design can be developed and that a succ( 
breeding demonstration of this core can be accoinplished in an 
ing light water reactor plant, such as Shippingport. The onlv nlai 
changes to an existing plant would be those associated wit11 tlleiq-Tjl 
core. 

The seed-blanket concept is the only known approach x11ich Lr 
the already-developed light water reactor tc?chnology and can 
available significantly more than one to two percent of the enpp 
potentially obtainable from uranium or thorium ore resources 
present types of light water reactors. The successful developmat 
this reactor concept could ultimately make available for povrer p 
duction about 50 percent of the energy potentially available in IL 
country's thorium fuel resources--a source of energy many tiz 
rrrester than the h o r n  coal, oil, and natural gas reserves of theTnie 
States. successful breeding demonstration would prore that B lq 
uumber of light water reactor plants already built or plannede- 
be converted into breeders, thereby increasing this country's en 
resource base. During 1967, technical work in the areas of p h ~ : -  
fuel elenleiit del-elopnient , and reactor engineering lias been a h  
to  the point where fabrication of a breeding demonstration COR =Z 

begin in 1963. This technology has been made available to 
through publication of nearlF 100 technical reports. 

! r: 

4 

b 

HIGH 
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there is no sliortage of natural uranium or tllorium, it ,yld@ ,,liciPated that there nzay be a shortage of low-cost natural ura- 
a", ;,, the future. Therefore, if nuclear power is to make a nlaior slid - d 

olltribution to future energy needs, a technology for  more 
us8 of these resources must be acliie~~ed. l17hile the breeder re- 

ents 'the highest potential utilization of iiuclear fuel, certain 
of non-breeder reactors can use available resources more effec- 
than the light water reactors now xell accepted bv industry. 

the S E C  is engaged in the development of basic'technology 
promising advanced reactor concepts. These include the 

temperature gas-cooled reactors and the heavy water moderated - 

HIGH-TEMPERATURE, GAS-COOLED REACTORS 
. . .  

ii,.iniarp facilities iiivolved in the development of high-tempera- 
- -e ~ nils-cooled reactor (HTGR) systems are the Peach Bottom 

f, Bottom in Operation. The 40-JIwe. high-temperature, gas-cooled reactor 
--';I{) nuclear powerplant at Peach Bottonl, Pa., was placed in commercial 
- 3 u n  during 19G7 on the system of Philadelphia Electric CO. The plant, in- 
:*rating an HTGR reactor system developed by Gulf General Atomic, was 
-1 P Philadelphia Electric Co. and 53 other U.S. electric utility companies 
';yi>iQ High Temperature Reactor Development Associates. The project was 

out under the AEC's Poo-er Reactor Demonstration Program. Bechtel 
-t Fas engineer-constructor for the pl'znt. 

- * .  

% 

- 
5 ' 1  1 [i 2 i;: ti 
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Atomic Power Station in operatioil at Peach Bottom, -pa 
St. T'rain Suclear Generating Station to be built a t  P1atterill,, ~ 

snd the Ultra High Temperature Eeactor Experiment (clID-~: 
at Los Alanlos Scientific Laboratory. 

:.e 
- 9  the f 

Peach Bottom Atomic Power Station 

The Peach Bottom Station xas delTeloped by the Genera 
Division lo of General Dynamics COT., San Diego, Calif. 
Philadelphia Electric Co. ancl the Hi& Temperature Reactor 
opmeiit Associates under the REC Power Beactor Delno 
Program.11 The Bechtel Corp., Sail Francisco, Calif., wLs ennu 
constructor. It Iias the highest t l ierl id efficienc;s. of any nuclear pi- 
system to achieve the high efficiency steam conditions of 1,0000 
pressures up to 1,450 pounds per square inch. 

0 e=- 

in the United States (above 33 percent). It is the first i ~ ~ ~ c l e n r  I~,B_ % 

1966. This was after delays caused by two construction fires and 'ii_ 

dling machine. On January 27, 1967, the p h t  first generated eltq-qi, 44ri 

The Peach Bottom reactor first achieved criticality 12 on 3farcl; I 

nical problems, principally with the steam generators and fuel x,, 

ity in excess of tlie plant's own operational needs. Full desim el,y%rF 
power was generated on May 16, aiid the plant Kent into c o n m q  
operation on June 1, 1967. At year's end, the plant had opelxtedb 
more than 158 days full-power equivalent. 

Fort St. Vrain Reactor 

The 330-3Iwe. Fort  St. TTrain gas-cooled reactor project W=& 
ated July I, 1963, LZS a joint Government-industry effort under g 
AEC Cooperative Power Reactor Demonstration Program, and 
be built for the Public Service Co. of Colorado by the Gulf Ge& 
A4toiiiic, h e . ,  San Diego, Calif. The contract specifies that for & 
project to continue into the construction phase, certain findinF mw 
be made iT-ith regard to the time the plant can be placed in opemi:= 
plant availability, and power production. The detailed technical ~- 
uation required to make these findings are underway. 

I n  addition? tlie deterinination to proceed xi th  tlie Fort  St. Tm- 
plant is to be ninde after Peach Bottoni has achieved full p o ~ ~ ~ ~ ~  

"Late in 1067, the General Atomic Division became a wholly owned sub.ifwT' 
the Gulf Oil Corp. and its name was changed t o  Gulf General Atomic, Inc. 

"The Power Reactor Demonstration Program is a program under which tbe 
Provides various tspes of assistance to  i-dustry in return fo r  which technical and ?: 
(hta are made a\*.ailable t o  the  AEC f o r  use br industry and the AEC in further 
merit Of nuclear povier. Individual projects are financed jointlr by the u c  and IP'* 

12 Criticality is the state of a nuclear reactor when i t  is sustaining 1 chain 
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ted for a period of 9 months and a niinimum of 1,000 hours 
On July 20, 1967, the Peach Bottom plant 
of operation. The 9 months period will be 

lication for a construction permit was submitted to the AEC 

eneral Atomic placed orders for  most, of the 
t St. Vrain plant, and fabrication of the coni- 

actor Vessel. One of the major features of the 
ant is the use of a prestressed concrete reactor 

1 jpCRV). The PCRTT has k e n  developed extensiyely in Eng- 
llnd France for gas-cooled reactors. However, in the U.S., the 

ernting central station gas-cooled reactor, Peach Bottom, has 
1 reactor vessel. Emphasis has been on the development of steel 

for water-cooled and liquid metal-cooled reactors, and on pres- 

JANUARY-DECEMBER 19 6 7 

eted on March 3, 1968. 

iider rerien-. 

ter moderated reactors. 

?St .  Frain Plant Componc?zts. Photo on lef t  shows a helium circulator proto- 
t ~ e m b l y  for the Fort St. l'rain Suclear Generating Station in a test facility 

Yalmont Station of Public Service Co. of Colorado which the circulators 
0 full flow and temperature conditions, using both steam and water 
drive. These circulators will be used in the 330-31 we. high-temperature, 

s led  Plant to be built by Gulf General Atomic f o r  the Public Serrice Co. 
the AEC's Power Reactor Demonstration Program. On the r ight  is a mock- 

steam generator module for the Fort  St. Vrain station. The model is fnll- 
'-* in diameter, half-size in height, and shows some of the spiral-coil cross- 

% *  .,c 

*P P 

cf 

L nbe bundles. 
59 I i l Z E Z  
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A concrete vessel can be considered for use with m 

the site and built in v e T  large sizes. It lins the achant 
daiicy of the independent strength-members, and failure of 
ticular prestressed cable embedded in the comrete will llal-e neo~.  . 

actors, and it hsts sei-eral potentid admntagees. It can 

“y k 
effect on the other cables or the entire structure. The use of tl,e k ~~~~~ ki 

HTGR Compmimt Reseurch. In rh* 
above, an epoxy model of a c v n a  
pressure vessel is placed in a s(.afi* 
light polariscope a t  Oak Ridge & 
tional Laboratory. Scattered & 
photoelasticity is a general thmg 
meiisional non-destructire methd k 
experimental stress analysis. A & 
lium-neon, continuous n-are l abe  E 
used in this polariscope as B E 
source because of its high intensiv 1 

top view of the model shows the n a e  
simulation. This work is a PSI! 
the prestressed concrete reactor p 

sel (PCRV) work for the &E‘’*- 
high-temperature, gas-cooled me 
(HTGR) program. At left. ’ 
vanced HTGR fuel element is dN- 

in a Gulf General Atomic cutaway model. The hexagon-shaped graphite 
elements have holes in which the coated nuclear fuel particles are 



JANUARY-DECEMBER 19 6 7 91 

the major developmental items which will hai7-e to be consid- 
tile ,4EC in its ana1-j-sis and reyieiv of the Fort  St. Train plant. lllfl 'E t4*- - 

- I  1 l)? 

dun. High Temperature Reactor Experiment 
Par. 
W&* 
QQ 

ef.i at 

ction of the Ultra-High Temperature React or Experiment 
t the Los Alamos Scientific Laboratory was completed 
. The reactor went critical August 3, 1967, and during 
tional period the power is being limited to 2-kd .  for 

&on of criticality experiments. The UHTREX is a 3-RIwt. 
mled graphite mderated reactor which will be used as a test 

ate the type of fuel proposed for  use in the HTGR 
e uranium carbide fuel is in the form of small spheres 

embedded in graphite, and has been designed for 
rature of 2,400' F. This is about 1,000" higher than 

present gas-cooled reactors. Since some fission products 
to be released from the fuel and contained within the 

x system, data will be provided on fission product release to  
U r n  coolant, transport, and deposition within the system, and on 

problems. The circulating helium is continuously 
products are removed and stored for later safe dis- 

ctor is built within a containment shell designed to con- 
which otherwise might possibly be released to the 

ncler accident conditions. UHTREX does not have to 
or refueling; the reactor core can be rotated to allow 

d t ~  be added while the reactor is operating at full power. 

* o ~ y  Water Reactors 

b jfarch 1967, the AEC reoriented the heavy water reactor (HWR) 
m from emphasis on the heavy water moderated, organic cooled 

or concept ( 13JTOCR) to a heavy water moderated, water (light 
i m ~ )  cooled concept to take tt maximum advantage of the large 
ar ia1 technological base attributed to the wide acceptance of light 
r reactors by the nuclear utility industry. As a result, the HWOCR 

mpt development n as discontinued and the AEC's heavy water 
or program was redirected tom-ard establishing and maintaining 

rch and development program based on m-ater plant itechology 
muld allow HTT7R% to be exploited in the event the introduc- 

Î Ideobjectives of the HKR program are to  adrance the technoloa 
'%heavy water moderated water cooled reactors which show they 

meet the economic, teclmical, and fuel utilization requirements 
on areas ~rhicli will support the design and 

the U.S. power picture is n-arranted. 
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GHTREX Fuel Loadittg. The last fuel element necessary to achieTe th- :- 
self-sustaining nuclear chain reaction in the Ultra-High Temperature RG - 
Experiment ( rHTRES ) at Los Alamos Scientific Laboratory is shon t 
inserted into the fuel element charge conre,ror for remote insertion hi t - 3  - 
the 312 fuel channels (each haviug a capacity of 4 elements) in the rr'i 
The 3-]In-t. helium-cooled, graphite moderated reactor went critical iu *I:=- 
The unclad graphite fuel elements a re  hollon- cylinders G.s inches :orl: *-% 

tained in the graphite matr is  of the element is the 93.13% enriched C - Z  

fuel elements for the first EHTRES loading a re  dirided into eight grwj- ws+= 

urmiuni content per element ranges from 3.5 grams to 12.3 grams. T h '  me 
will operate a t  2,400" I?.-about 1,000" higher than presently specifid fiir 
cooled reactors. 

in the form of CC, particles coated with three layers of pyrolrtic cilrhr - 
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the 1,000-Mwe. and larger sizes needed for 

office has been established at  the AEC's Pacific 
(PKL) near Richland, TT'ash. It  will assist 

administering, and integrating the multi-task 
and de,\-elopinent program t o  meet the objectires of the HWR 
. During 1967, the program remained in the technical plan- 

a* Thereby the development efforts being performed under the 
and Atomic Energy of Canada? Ltd. (AECL) cooper a t '  ive pro- 
and other related efforts were consolidated and integrated to 
meet the objectives of the reoriented heavy water reactor 

I 

I 

fie Piqua Nuclear Power Facility at Piqua, Ohio, is a 45.5 Mwt., 
led and moderated reactor designed to generate about 11.4 
lant was built as a cooperatii-e venture betxeen the City 

'the a E C  under tlie Pover Reactor Demonstration Pro- 
and operated intermittently from June 1963 until January 

en it  as shut down. At that time it was discovered that a 
mount. of solidified organic material similar to  coke had 

ithin the reactor core. As a corrective measure, the fuel ele- 
and control rod chive mechanisms 11-ere removed and the reactor 

el ras  cleaned xiid inspected. 
December 13, 1967, the A4EC announced the termination of its 

-&mct for the operation of tlie Piqua fncilitr. Recurring develop- 
ulties and tlie engineering and design cost in preparing the 

3 plant for restart, the lack of progranmmtic justification to gain 
her organic techno log^ in iyiew of the phase-out of the HTITOCR 

m p t ,  and tlie short time remaining, once the reactor was restarted, 
de Februq-  1969 contract expiration, were major factors in the 

$&ion by the AEC to  terminate its contract for operation of the 
a qxt Xuclear Pox-er Facility. 

e 

g 

- LIGHT WATER REACTORS 

Kth the exception of the Peach Bottom and For t  St. Vrain gas 
ded reactors, all of the central station nuclear powerplants ordered 
utilities since 1958 are light water reactors. Those being sold todas 

.+. either pressurized water reartom (PWR) which are being mar- 



keted by l\Testinghouse, Combustion Engineering, or BabCoCk \\ , 

cox, or boiling water reactors (BJIX) Khich are being markettrl f i .  
t- 

The AEC has assisted in the developinent of light TTate 
through specific programs in support of these systems, and 

I. 

General Electric (see ,4ppendis 5). 

r"ct,,, 
assistance-e.g., research and development, waiver of use ellar UfiI,&: 
special nuclear materials (fuel) --proI-ided to  specific project 6@ fr,. 

the AEC's Power Reactor Demonstration Prograin (PRDp). B~ U&= -* 

of the widespread acceptance of light water reactors, no additio ku- 
PRDP projects are deemed necessary to enable utilities to  build ria 

operate uranium dioxide-fueled PWR's and BWR's. ar:*; 
"lie AEC's research and development on large light water reactah 

is now confined to reactor safetr, resolving particular tecIlnical p r ~  
lems on AEC-oimed reactors, the Joint U.S.-Euratom re=arc,l aIli 
development program, and developing the technology associated RiFi 

improved fuel utilization. 

San Onofre and Connecticut Yankee Reactors 

Late in 1067, the startup experiments on the San Onofre and coi. 
necticut Yankee reactors were conipleted, and coinmercial operation {,: 
these plants began on January 1, 1968. 

The San Onofre Kuclear Generating Station reactor was first cFti, 

nected to its electric grid on July 16, 1967. Power testing and ele:* 
tric power generation was delayed over a month because of turk,i12 
difficulties. This 430-&he. PIT% plant, owned by the Southern cai, 
fornia Edison Co. and San Diego Gas and Electric Co., is located 
Sm Clemente, Calif. 

The Connecticut Yankee ,4tomic Power Plant at  Haddam X& 
Corn., is owned by the Connecticut Yankee ,4tomic Power Co. It 
produced electricity for distribution outside the plant on Bugw :, 
with an electric pover output of about 50 megawatts. The gross cap:- 
ity of this pressurized water reactor is 485 Mwe. 

The AEC provided research and development support for &E 

Onofre, and design assistance for Connecticut Yankee under &E 
Power Reactor Demonstration Program. Use charges on the S F ~  

nuclear materials are being waived for 5 years of operation OD ezk 
plmt. 

1- 

Lacrosse Boiling Water Reactor 

On July 11,1967, the Lacrosse Boiling T%Tater Reac,tor first OCG~$ 
sust.ained nuclear operation. It was useit for operator training 

Technical $ 

In  Octo1 
rlar Gorp 
support th 

fie Experi 

The Ex1 
Sational I 
of its plan 
:":an ope1 
up the fir: 

ti ties. 
J1n-t. and 

t 
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IK,ll.er testing before the first generation of electricity. The startup 

gra111 --as in progress at the elid of the year. The 50-JIn-e. 
1)rOE - lTftls built fo r  the AEC by Allis-Clialniers Manufacturing Co. 

operative will operate the plaiit under the 

4 t: 

act or Demonstration Program. 

lli E v e r  Reactor a t  Elk River, JIinn., v-liich first 
fill pon-er operation early in 1964, continued to operate 

ough 1967. The plant was shut dovm during May 
eling and installation of new control rods in the 

-ch%lmers-lsuilt boiling water reactor. 

In 1960, the AEC entered into a contract with the Puerto Rico 
(PRWRA) under which the AEC would 

uclear Superheat Power Station (BONUS) on 
a, pay for the operation of the nuclear plant, 

PRWRA. The plantk operation since 1964 
on the use of a nuclear supei+heater even 
ontinuing technical difficulties ; e.g., super- 

sler fuel leaks, control rod drive malfunctions, preheater-dryer 
,ling cracks, core AOK reductions caused by corrosion-product depos- 
-, and cracked boron-stainless steel control rods. 

b 

jirlp 

‘ikji 

I a: 

d L  
1 r5l ‘ghnical Support Contractor - 

In October of 1967, the AEC announced the selection of United Nu- 
i r  Corp., Eliiisf ord, K.Y., to  provide technical services required to 

‘ 1  

3 r -  

:In .mort .. the Lacrosse, Elk River, and BOKUS facilities. 
ht. 
I d  
4; ‘e Experimental Boiling Water Reactor 

l i e  Esperinienta]. Boiling Water Eeactor (EBWR) a t  the ,4rgonne 
a1 Laboratory (*4XL) was shut down in June 1967 a t  the end 

Planned program of experiments. Built in 1955-56, the EBWR 
n operation with plutoiiiuni fuel on October 11,1966, thus becom- 

--.the first boiling water reactor to  use plutonium fuel in significant 
=,Jntities. Routine operations were conducted with plutonium at 42.5 

-. t t  

ri 
1 
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Terrestrial Low-Power Reactor Program 

The terrestrial low-power reactor (TLPR) prograln is dipPC 

exploiting the technolog- of small nuclear reactor polTer s . s l ~ ~ ~ ~ ~  tq ~ 5. 

c 

.~ = order to provide n strong base from ~-111~1~ adx-mceci sTst 
de vel oped. 

ems CQ,l,t : 
‘Ill c 

&4 preliminarJ- design and techno1ogJ- program plan are beill,, *a 

pared a t  the TLPE program office at Oak Ridge Satiollal L ~ ~ , ~ ~ ~ ~ ~ ,  k 1% Effort is concentratecl on a pressurized water reactor pl 
tion of 1.5 megawatts of electric power and additional 1 
tial application at  a remote military or commercial illstall 
technology can also be used for statioaaq- oceanograp11i 
Reactor fuel lifetime would be extended  significant]^ ~,ryol,cl 
being experienced in existing small reactors such as tile SIf- ’ 

see Chapter !+--“Specialized R’uclear Power Units.”) 
PAT-type plans. (For information on other siiiall nuclear 

1 2 -  Ur 

I 

E B T R  Xctircd.  The historic Experimental Boiling TT’ater Reactor (EF:W 
drgoline National Laboratory was retired in Juue of 1967 after 11 
service. EBWR was the first plant of significant size to generate eiectri&z 
rectly from steam produced in the reactor. It was the first boiling water E;”- 
to use plutonium fuel in significant quantities. The 4-U\~e.-EBn’li the s 
of the AEC power demonstration reactors to be completed and the direct 
runner of  man^ of today’s nuclear powerpiants. 
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\ 
DESALTING AND PROCESSING USES 

&4s part of its overall reactor program, the AEC is develq,. 
clear energy sys.tenis that can be econoniical1y applied to the d@altil % €I 

Pr~f?&u 
of sea n-ater or used as energy sources for other industrial 
In most applications, reactors to be used for these purposes "ill ai 

app 
produce electric power. In situations -diere power and prw 
cations are combined, substantial savings in energy cost appear 

h 
steam from back-pressure turbines l3 is used for industrial procesq 
sible. In  these, prime steam is used for power generation and 

13 Turbines which exhaust steam st pressures above atmospheric conditions, 

RoZsa Island Af odel. The Bolsa Island Kuclear Power and Desalting Plant e 
be located on a 43-acre island to be constructed offshore of the Bolsa b 
Eeach State Park at Huntington Beach. The proposed facility's two n m k  
Powerplants (a t  right) will generate about 1,800 megawatts of electricio E& 
supply steam for a distillation plant (at Zeft) that  will have an initial capm 
to produce 50 niillion gallons of distilled water per day and ultimatelS to pr&m 
150 million gallons of distilled water per day. One nuclear steam supply fldm 
and turbine generator will be owned by the Los Angeles Department of M-m 
and Power, and the other will be owned jointly by the Southern California 
Co. and the San Diego Gas and Electric Co. The Metropolitan Water 
(MJTD) will build and own a back-pressure turbine and the desalting Pl:toe 
n-ell as the island. and a trestle causeway connecting it to the 
AEC and the Office of Saline Water of the Department of Interior e l l  PET* 
financial and technical assistance to the hITITD and will obtain new tedJuoi@ 
data and information f o r  use in the Interior's saline rater proWms and * 
AEC'S civilian nuclear power program. Contracts for the project ~ e p  sild 
on November 20, 1967. 
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studies have been undertaken which provide 

k ~ c ' s  iiuclenr desalting efforts are coordinatect closely with 
crr'm s of the US. Department of the Interior's Office of S a 1' me 

main designed to advance tlie technology of desalting aiicl 
' , O u p l i %  c of nuclear pov-erplnnts to large desalting plants is spon- '' ?t the ORKL by the AEC and the Office of Srtliiie Water. During 

tile ,kEEC also cooperated with the U.S. Bureau of Reclamation 
,reliminary study of the potential of nuclear desalting for the 
Barbara Channel coastal area of California. 

,.ioUS 
* 

]'bo 

data as a guide for furtlier development actil-ities. \ ,,,tde 

: @ q i l  iTcr (OSnT). 
'% h!& pror 

byill aI-y, 
;S 

ear I*%% 

I f  

\ lxl* Pro= 

- ?JId 'J'Ijli. 
E l i  I 

S I  
.*st:' 

Island Power and Desalting Project );Ira 

large ~luclear clesalting project, the Bolsa Island Kuclear Power 
3j I)esalting Plant, has been initiated. The project participants in- 

the ,4EC, OSW, the Bletropolitan TVater District of Southern 
-dljfornis (Snl'D) , and the electric utilities serving the southern 
L;iforIlia nrca-the City of Los Angeles Department of Water and 
-,rcer, Soutlierii California Edison Co. and the Sail Diego Gas &L 

f :qgtriC Co. The plant is proposed to be built on a 43-acre man-made 
-bnd located near Huntington Beach, Calif. Island construction will 
~n 3s soon as a peimit to construct tlie nuclear power facilities is 
Gtpd by the ilF,C. 
 ont tracts were signed by the participants on R'oveniber SO, 1967, 

ceremony at  Newport Beach, Calif., culminating some 3 years of 
forts toward establishing the project and developing the complex 
-ynizatioiial and contractual arrangements for its conduct. On the 

* of the prehninary design, the facility will procluce about 1,800 
*:TL (gross) and 50 million gallons of fresh \rater a day in its initial 
m t i o n .  The plant will incorporate features so that the water plant 

.it. can be enlarged ultimat.ely to 150 million gallons per day. 
T r  electric utilities will own and operate tlie two nuclear power- 
-9ts and furnish steam to the Metropolitan Water District for the 

!'ontracts are expected to  be awarded in early 1968 for tlle utilities' 
' - J  large light water iiuclear steal11 supp1.T' systems of about 3,000 
-?i\rntts tlierinal capacitj- each, and for 3nT'D's large back-pressure 

m e  generator system vi-liich will deliver the steam to the water 
.;lt;lig plant. The English Electric Co., a British turbine manufac- 

ail1 supplj- the electric utilities for the two 800-megawatt 

& 

z- 

1 

t- 

pessure turbine-genera tor and the desalting operation. 

1 .  
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Desalting Study With Utah 

f 

During 1967, the State of Utah requested OSW and tile 
- *  - 

ose nu,. participate in a cooperative study of large multi-purl, 

Salt Lake area, and also steam for tlie chemical industro 

ated in 1967 and is to be completed in 1968. 

plants. These would provide electric povm and desalting in tl,e r;, it& 

predicted for the area. The preliminar~ phase of this studT wTtyT ~~~~, ~~. ~ 

'- a 

Agricultural-Industrial Complexes 

The future availability of low-cost nuclear-generated electric ~,~~ 
and process heat from a centrally-located power complex could b4; 

n decided effect on the electrochemical and metallurgical in,juLyp 
possiblyr for the processing of nitrogen fertilizer, minerals frc,rti t, 
sea, phosphate rock products, iron, steel, and aluminum, kq-* 
b v a i n  and high-value agricultural products. Also, very ] o ~ - c O T 1  tL 
tric power is expected to make possible. the application of wmp ir * 

trial processes not presently economically feasible. 
During the summer of 1967, a preliminary study mas initiate: ~ 

the Oak Ridge National Laboratory (ORhX) to assess tile tepliEz 

and economical feasibility of large nuclear energy centeB 
would be the basis for new industrial and agro-industrial corn 
This study was a result of previous nuclear desalting studies 
drew attention to  the fact that large-size reactors could hare e m n e  
cal advantage for combining fresh water and power productim k 2 

single plant. 
Two types of installations considered were : ( a )  an industrid EE 

plex using current technology or technology which would be mdl:$ 
within 10 years ; and ( b )  an agricultural-industrial complex 
longer-term tec~molog~.  Under this plan, large nuclear P O ~ P T ~ ~  
n-ould be coilsidered together with various types of poKer-conaz" 
industries to determine what combinations would hare the gRA:& 
promise. Of particular interest were industrial processes n-hicll A 

zssist in increased food supplies. 
The first, pliase of this study is to be completed early in 19@* 

The reactor 
W-pmmt, eng 

of analytif 
processes rc 
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ers Dual Purpose Plant 

% 4 f  

f'tJ, mhr,  the Dow Chemical Co. and the Consumers Power Co. 
ported that they were del-eloping plans for the construc- 

plant n-itli tn-o reactors to supply process steam ant1 
to DOT'S facility near Midland, Afich. The nuclear installa- 

ply steam and electricit,y currently k i n g  proyiciecl by 

electricity to Consumers for use in its electrical ssstem. The 
tor unit is scheduled for 1974 operation and the second for 

:I 

t plants now being used by DOT and,  in addition, wouId 
tr ,  

1% 
%t 

~cTOR SAFETY 

'r 

I 

C'S reactor safety program continues to receive high priority 
-deration. The growing number and size of planned power reactors, 
,ulnomic advantages to industry for locating nuclear powerplants 

to load centers and more highly populated areas, iiicreases in 
tr de11sity and the projected el-olution of adi-ancd systems, pnr- 

the liquidmetal fast breeder reactor, eniphasize the need for 

T~~ reactor safety program, through a broad research, development 
t&t program, is directed at  the establishment of a technical basis 

. derelopment of criteria, codes, standards, and specifications 
?:sble the safe siting, design, construction, operation, and main- 

e of nuclear reactors. This disciplined approach is required to 
e the possibilit,? of dangerous failure of reactors to a very low and 
table limit from the standpoint of public safety. 

:, addition, through engineered safety system and related tech- 
, the program provides a basis for the design and applicstioll of 

- - ~ I I S  and devices which can safely interrupt the course of an acci- 
-*e, or limit its consequences to  tolerable levels. The program also 

roprovide a basis for the uniform assessment of reactors from a 
-pr point of x-ievi- in the safety reyiew and licensing process and 

ts the assessiiient of safety margins. 

ll& safety research and development. 

PROGRAM ELEMENTS 
- 

reactor safety program iiicludes Ishr,2tory research and de- 
')iiQent, engineering scale tests, studies, eiduations, and develop- 
e: of analytical methods. The program is concerned with phenomena 
:liipP~pjsq$ated to prinlary system integrity, reactor kinetics, fuel 5 i, 



High priority projects specially include those related to 
systems integrity, eniergency core cooling systems, and the devel Prilnrr, 

of standards, codes, and criteria for ractor plants. 

,/+- RelHence Plod SFMrmla 

Theoretical Stud#.  In  addition to experiments, the AEC’s nuclear safety p r o w  
includes theoretical studies. In  a design study at Oak Ridge National Laboratorj 
the caisson containing B Dresden Unit 2 boiling water reactor was “sunli” in EZ 

artificial island, approximately +$ mile offshore in about 30 feet of xater. If ,d@ 
ing operation, the hydrostatic head should fall below a prescribed minim= 
rupture disks would fail, allowing the ingress of seam-ater. It is estimated tk 
this t.ype of containment would ha re  leak rates between 1/40 and %oo of ** 
for a Dresden Unit 2 with conventional containment. 

fleavu Sectioia S 
Luliens Steel Go. 
!ne’s Chattanoogii 
W ~ O ~ J  (HSST) 11 

:innally record tt; 
%e plate will be r 
rrp taken from it 
bfwe and after i 
rfie structural int 
@ m a l  station pc 

omation of 1. 
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stem Integrity 

if the primary coolant system of a nuclear reactor can be 
.fltRfl * ed intact at all desired times, despite any other nialfunctions, 

* '  roduct release to tlie environment-the main hazard of nuclear 
under control and safety has been achieved. Thus, projects 

lpll to ssuring p i i m r y  system iiitegrit)T have tlie highest priority 
ani. During 1967, work ~ r a s  started on tlie lieaq- section 

f,,iu~ology (HSST) program in an  effort to prw-ick additional 
<$fin ce of primary vessel integrity and to proi-ide a basis for the 

~S 

~ + Section Steel Tecll?toEogu. A 12-iiich-thick steel plate purchased from 
Steel C'o. is shov;n undergoing heat treatment a t  Combustion Engineer- 

- -  -hat&nooga, Tenn., plant as a part of the SEC's  heavy section steel tech- 
-' IHSST) program. The wires lead to embedded thermocouples which con- 
F record the temperature of the steel during processing. When completed 

* U t e  will be rechecked ultrasonicallF f o r  hidden flaws and test specimens will 
from it to determine its mechanical and metallurgical properties, both 

ad after irradiatiou. The HSST program will extend the knowledge about 
--u( 'kal  integrits- of the heavy steel vessels now being designed f o r  large, 

-a: station power reactors and p rov ids  a basis for the design, construction, 

-- h 

- .-- 
- e  i- 

r- 

- 
e 

mltiq ef p ~ y  qyytors in the future, 
J ., 



construction of future larger reactor plants. This project, wl,i.:l, 
been planned and undertaken in cooperation with industry 12 

cerned with tlie study of properties of thick sections of steel l;ll:t%: 
the propagation of flaws. Also, work on fhn- detection, both in 3:' 

and in the form of reactor vessels in service, is being perfomed Ph!, 

Emergency Core Cooling Systems 

Should tlie primary coolant system boundary of a nuclear 
fail, tlie capability to cool the reactor fuel could be lost, resUitir %,** :* 
nlelting of the fuel and release of the fission products t o  the coh;ir 1R.  

ment vessel. As a backup to protect against the substantial 
fission products in such an event, emergency core cooling s.Lz 

%=L (ECCS) are used in reactors to supply emergency codant to preFe 
significant fuel melting. 
An important coniponent of the reactor safety program is tb 

velopment of technology related to ECCS to assure their capabb 
and reliability in their function and their testability over the life * 

K'RTS and is planned to be further extended in an BEC-industhQ 
operative program in 1968. 

LOFT has been redirected to einpliasize tests of this important xfy 
iieered safety system. 

tlie plant. This work has been started in 1967 with scopijg tb%, si: 

Program Planning Activities 

Reactor safety program offices for water cooled reactor3 and 
cooled reactors and a safety section of the Liquid Metal CooledFH 
Breeder Reactor Program Office are functioning and haJ-e p r o d &  & 
AEC with assistance in program planning, including the i d e n t k  
tion of new needed program, and tlie overall program priorities. LE- 
rniige program plans developed by these groups have been submi@% 
to  industry for comment, and these comments are being anal~zed gi,_ 
used appropriately in arriving at h a 1  planning decisions. 

Industrial Participation 

Industrial nuclear capability has been enhanced by direct and 
direct involvement of industrial organizations in the SEC's m i G d  

ssfe.t.y programs. The AEC has requested p rogam guidance f~ 
the commercial segment of the nuclear community tlmugll d:* 
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tion and through contacts and discussiolls with the safet7 re- 
kommittee of the Atomic Industria1 Forum. Inclustrial 
011s participate directly in specific projects t1iroug11 t11e 

me1 to on-the-job actil-ities at national 
tors at specializecl AEC facilities such as 

CSE. Industry has undertaken to assist in the support of 
rojects, both in their direction and in their finallcing as de- 

nnection with the HSST program. Additional cooperative 

AEC also has extensire contact with the nuclear incIustry 
in nakional standards groups wIiic11 are 

J ~ ~ ? ; A R ~ - D E C E L M B E R  1 9  6 7 

'%& 
reh%nt 

- --ct Salt  Vault. In  a high-level radioisotope waste storage project (Project 
--*Ymit) at Lyons, Kans., the objectives were to determine the heat and radia- 
: r f f r ~ h  on salt from high-level solidified wastes, and to demonstrate radioac- 
-nastes handling techniques in this type of environment. Canned irradiated 
- riernents, augmented by heaters, were buried in the floor of a mined-out salt 
=:.Jtion, and the behavior of the salt, including plastic flow, was obserred and 

--%Wed. Radiolytic damage to salt also was eraluated. As a result of this test, 
V b  m s  completed in 1967, it appears that  this type of storage may provide 
--and eaicient ultimate storage for high-level radioactive wastes. Photo shows 
-* Gf w e n  canisters containing over 1,000,000 curies of fission products being 
+M into the floor of the salt mine from a mobile shielded transporter. 
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SUPPLEMENTAL RESEARCH REPORT 
\ 

REACTOR TECHNOLOGY PROGRAMS 

A. feature section of the supplemeiit a1 report collcerils tiie 21E(s 
nuclear reactor safety activities in much more detail than as 
in this report. In  addition, the report summa~zes recellt adpdtl; 
ments in reactor technology that can be applied in various wajs tr . 

J t;, 
eff bri?; broad reactor development program. The following are a f 

6Lhighlights" on the work mentioned in the reactor techol,,, rtc, 
development portion of the supplemental report. 

*-- 

Nuclear Safety Research 

0 Brittle-fracture tests on the highly irradiated pressure r-1 ai 
the PAl-2h reactor demonstrated that the degree of design con*m 
tisin in establishing a margin of safety for the Vessel was much 
than adequate. The vessel did not rupture until subjected to mn&~m 
that were much more severe than those preclicted by prior ana]* 

0 Blowdown of water and steam from small pressurized ~ ~ , s g k ~  
the LOFT and CSE projects is providing confirm&ion of the anal= 
cal methods for determining the pressure transient resulting f;o$ 
stored heat energy in the water coolant. Likewise, experiments a- 
ducted at laboratories on small samples of metal-clad fuel are prorii 
ing basic data on the amount of additional energy to be expected fm 
metal-water reactions. 

6 A study of four separate reactor designs is being made to der&: 
inlproved antiseismic designs. These designs describe reactors that cs 
withstand a range of sel-ere ribration and displacement loads hz 
earthquakes combined Kith loans d i i c h  may be caused by rea%@ 
nccicleii t s. 

Reactor Fuels and Materials 

0 A mathematical model relating irradiatioii perfomm@ ' 
carbon-coated fuel particles for higli-tempera,ture gas-cooled res$* 

Washington, D.C. 20402, for $2.50. 



JANUARY-DECEMBER 19 6 7 107 

llpsical characteristics has successfulls preckted particle 
ddition, the substitution of propylene for methane 
s in the carbon coating process has niarkedlv reduced 

ating time and temperature. 
~ ~ ~ ' f i ~ r i e s  of in-reactor creep tests on type arsr 304 stainless 
4 l n  a 
. the temperature range 400-760" C., it has been discovered 

=- tron flus has little effect 011 dynainic creep rate but does con- 
.ti ?leu sllorten the time to failure. Careful electron microscope ex- 
_.tnt * ion disclmes that this loss of ductility is caused by the formation 
: nH t 

- " tallic carbides promoted by neutron irradiation and possibly by 
= rile 
:,a I ion-induW d g m  st oms. 

a''. 1 

-*I 

~n Product Release Study. The Contamination-Decontamination Experiment 
+ 4 r l  pictured abore, is installed in a manipulator-equipped shielded cell a t  the 
-: 1 Cnexuical Processing Plant. It permits study of fission product release from 

reactor fuel uuder conditions simulating those expected in the forthcom- 
)FT tests. The 3-foot-diameter by 5-foot-high containment ressel permits 
' of actual fission product sampling and plateout devices to be used in the 
weriment, and contains protectire coating and decontamination systems 

--,7 dt*wloped for the LOFT esperiment. Five meltdowns of irradiated fuel 
3*l~S from 7.000 to 33,000 curies of radioactirity ha re  been conducted in the 

-L each followed by successful decontamination and recovery of test devices, 
- ivlPing assure operabilitx of the systems finally selected and installed in the 

.. 

.k 

"Jf-fluid-tests (LOFT) experiment which will be conducted, starting in 1970, 
etroleum Go. as a part of the AEC's nuclear safety program. 
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IO8 REACTOR DET’ELOPJIEKT L T D  T E ~ O L O G Y  

Studies of the sublimation of structural graphite fro& 
temperature gas-cooled reactor 13:- tlie corrosire action of Oxideni a hir, 
purities in the helium coolant hare cleterinineci the factors coni ; I 

the rate of loss. I f  the coolant flow rate? geomtq-  of the svsten, 
pressure are mnintainecI constant, the reaction rate of loss isw% fun(* - 
of tlie temperature aiid oxidant, concentration. 

b of r%pt,. 
tubing has been the demonstration of R technique for simultnli,.,,, 
displaying the location aiicl size of a flaw on an oscilloscope. T~~~~ i! 
play, similar to a radar display of a cross section of tlie tu& * 

9 Wj, 
tlie relative magiiitucle niid positions of the f l a m ,  Khereas 
eddy current clisplays liac7. been in the form of blips on an oscillc,- PR.vik- 

Xqr 

i . 1  

0 A significant nex- developinent in eclcIy current testinm 

Reactor Physics Research 

0 A plutonium-fueled critical experiment of special interest 9 f u  
reactor physicists was constructed in the ZPR-3. The “A4sse~b]v i,- 
reactor core was designed to be similar to that of a very large I”Re 

reactor in its neutron energy spectrum, yet simple enoug~~ in ,: 

o Irradiations of the fissile isotopes uranium-233 and 2;;;. 9L 

plutonium-239 and 241, together with measurements of the ~ s t l l t i v  
changes in reactivity caused by depletion of the fissile isotoIje, ji 

* 

disclosed a depletion pattern which indicates that, on the aTepdp 

the cross sections of daughter products do not differ appreciably fm 

tlie cross sections of their parent, fission products 500 hours or nfo? 
after tlie terminntioil of their irradiation. 

An experiment in xhich the neutron capture and fission rrrr, 
sections of uranium-233 were measured siniultaneousl y 01-er the r!r- 
tron energy range of 0.5 to 100 electron volts was performed sum-+ 
f d l ~ ,  ;rielcling tlie first direct measurements of tlie uranium-% a;- 
ture cross section in this energy range. 

0 In studies of concepts for h i~h-per for~~~ance ,  pulsed fast RXC 

reactors, a peak poq-er of some 20,000 mega\T-,ztts for  about 60 r n h -  
secoiicls appear to be feasible. The neutrons generated during &+ 
power bursts would provide an intense Source for neutron $? 
research. 

Reactor Instrumentation 

arrangement of its constituents to perinit detailect ~11aIysis. 
k- 

k e f  Proce 

@ Centl 
A fluidic temperature sensor, spcifica11~- designed for operg 

in a high racliation and high teniperature enriroimmt. 1 1 s  jFT & ’  
developed and successfully demonstrated. This instrument WE* ‘nim ar 
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e fluid and generates an output pressure signal pro- 
uid temperature. 

lent to poi-ide n continuous measure of carbon actil-ity 
iuni, for use in liquid metal-cooled reactors has been 

ment. This meter will be particularly important, since 
change the carbon content of the structural iiiaterials it 
ugh to seriously inipair their iiiechanical properties. 

digital WmpUter, pI*ograinmed to perform a mriety of record- 
+echjng, calculating, ancl operating functions, has  been incorpo- 
in the high-temperature gas-cooled graphite reactor, UHTREX. 

checks over 600 temperatures and pressures eiTery 15 
Nld checks the psit ion of all valves in the systeni each swolid, 

e data and sounding an alarm if any clianges take place 
11 endanger the system. The computer also liaiiclles the fuel loacling 

opening and closing valves in the prescribed sequence to load 
ted” to do so by the operator. 

Fluid Dynamics 

concluded that for the flow rates norn~allv en- 
rered in liquid-metal heat excliangers, lieat transfer coefficients 
lied esperime1itally with only one test rod niayT- be applied directlj- 

$mmercial exchangers, where all rods in the bunclle are transfer- 
he2t. 

4 ~~est igat ions of the conditions under wliicli a. liquicl-metal re- 
coolant might iiiadvertent1)- boil, should there be a flow stoppage 

adden insertion of reactivity, have shoi~n  tlia t alkali metals must 
rery high superheats before initiation of boiling, wliicl~ then 

to occur “explosively?’ r i t h  rapid oscillation in fluid temperature 
;-:pressure. There is a slight, but noticeable increase in this boiling 

ition superheat with repetition in a series of runs. 
0 B? usiiig a novel technique for high-speed impingement of liquid 
-*&im droplets of lcnown size against a vedge of pre-chosen ma- 

; inforniatioii has been obtained which pertains to  the rate of 
~ 2 fin of high-speed turbine blades. Likewise, by running a super- 
::- turbine for  a stated time period in wet potassium T-apor? it has 

Jeterminecl that, while damage does occur to the turbine blades, 
2 n d  sufficient to cause serious deterioration of the turbine per- 
tmce .  

P 

r:lf 1 8 1 2  id Processing Development 
I*%*:. . r -= 

4 Centrifugal extractors of a new design are now separating plu- 
-;;Un and uranium from radioactive fission products. The new 

k’> & . i s  

5 Q 1 0 3 0 2  
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extractors have replaced corn-entional miser settlers, in mhich tf 
phases are separated by gravit_v. Because the celltrifuga.1 
much faster, the holdup time of the process solutions is 
shorter than in the mixer-settler equipment. 

1011 exchange membranes lime been developed to conthut,, 
concentrate and purify aqueous solutiolis of nletal ions. sereral 
concentrating units have been built and successful11 tested to w:; 
trate uranium solutions. 

0 A more accurate method for measuring the percentage of ural, 

and plutonium which has fissioned in a Spent fuel element ha;. . 

neutron cross section fission product produced within the fuel. .\.': 
indicator. 1. ._ 

'Et. 
sepQatirJ: 

50 t i  

- 
v 

developed by measuring the amount of a specific Ilo1lvolatile, shblp tJ? 

clymium-148 has been found t o  meet these requirements for a bup -- - 

Direct Energy Conversion 

,4 new high-temperature adsorption cesiuni reservoir 
cleveloped for operation within thermionic converters. Consistin, oi 
inultiplicity of small elements to which cesium adheres, tile re+int,=. 
contains a relatively large amount, of cesium in a small volume. 

e 



I THE ATOM 
Kation's electric utilities turned increasingly to nuclear power 
6i, L4pplicntions were filed with the AEC to construct and oper- 

ivilian nuclear porrerplants, nearly double the record volume 
6, ,4 trend toward multi-unit stations continued. Proposals for 

1ant.s in the 1,000-megawatt range pushed the average size of 
IeBr power reactors in the planning stage to more than 800 net 

the year, the &4EC continued to seek improvements in its 
ures for licensing the expanding use of atomic energy and 

out its refllatory responsibilities for the protection of public 
safety. The A4EC had the benefit of advice from special 

eF panels which had been appointed by the Commissioners to 
various phases of the regulatory program. Also, the BEC re@- 
taff vas realigned and expanded to streamline reactor licensing 

2:rions and emphasize development of design and siting criteria. 
ent chairman and vice-chairman of the Atomic Safety and 

he status of the AEC program for licensing and regulating nuclear 
!ors and current problems faced by industry and the Government 
reviewed in detail in hearings before the Congressional Joint 

:mittee on Atomic Energy. 
Ir. the regulation of atomic energy materials, two more States- 

and Louisiana-assumed certain of the Commission's regula- 
:authority and transfer to a third State-Coloradwwas scheduled 
, ~ r ' s  end. Also, the &4EC put into effect certain recommendations 

revien- panel for improving its procedures for  licensing radioiso- 
z s  The AEC also strengthened its program of safeguarding spe- 

fiuclfnr materials from the standpoint of the conlmon defense and 
(see Chapter %-Safeguards and Materials Management). 

2+a1 megawatts (Blwe.). 

g Board Panel assumed their duties early in the year. 

L 
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NUCLEAR POWER GROWTH-. 
Searly tno-thirds of the 29 new power units for ~ - h i c h  apl,li \\-ere receired in 1967 are projected for completion by 1972. cat ic,: 

reached during August when the AEC received applications for 
nuclear plants. 

atomic power operations in the early IKo's, colllbilled witI1 proPo,* 
for larger reactors and siting closer to nietropolitan cellters, f .  

latest schedulecl for operation in 1074 (see Table 1). A new peak ,~; . -  

sere* 

The continueci stepping up of inclustry;'s schedules for 

lighted the task of the AEC's regulatory organization. I "f 

larger Reactors Predominate 

Proposals for larger reactors and multi-unit stations dorninat,d ti  
1967 applications. The total designed electrical output of the 29 

Ilzdian Point CornpZez. Consolidated Edison's proposed third nuclear elee?~ 
generating unit is shon-n to the r i g h t  (south) on this artist's rendering o! * 
compan~'s  nuclear power complex at Indian Point, Buchanan, K.Y., a b  1: %= 

look on completion in 1971. The rendition, on an actual aerial vier, shorn tk 5 
BIwe. Indian Point KO. 1 unit mhich has k e n  operating since 1962, in cWw 
Stack) ; the 873-1lwe. Indian Point S o .  2 (nom- under construction) is t o  [fir 
and the proposed 9C3-3Iwe. Indian Point KO. 3 to the r i g h t .  The Indian I'cijL: 

tion will ha re  a capacitj- of 2.2 million liilolvatts, m-hen all three ~ u i t s  a?+ - 
operation I X ~ .  Included in site development plans is a visitors' info@'# 
building, where exhibits and guided tours n-ill be offered to the Public. 
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q-e., more than twice the 11,626 Mwe. capacitv represented 
its applied for in 1966. 
reactors designed to produce more than 1,000 31n-e. eacli, 

ed for construction in six States : Alabama, Cslifonlia, 
iicbipn, Sew Jerse.y, and Pennsylrania. Six utilities or 
ups applied for twin units in single applications. Of par- 
rest were the applicntioiis in the fall of 1867 for construc- 

of trio 900-Mwe. pover reactors for the first dual-purpose de- 
d electric power project yet proposed. 

(Further dctails on these units will be found in Appendix 5.) 

----- 
Applicant Plant Month Unit size Projected (Net hlwe.) operation 

~ 

- trbr.). * Valley Authority (Ala ) ______. 

Biwwedth Edison CO. (Ill.) _ - _ _ _ _ _ _  

Power Corp. (N.Y.)..- 
Power Co. and 15-1s- 

PoFer GO. (Wis.) 

Public Servic3 Corp _ _ _ _ _ _ _ _ _  - 
Cabfornia Edison Co. and Sail 

I a e l e s  Department of Water & 

&Yankee Atomic Power Co ._______ 

~ C P  Electrlc 6r Gas Co. (X.J.)- 

mrGs & Electric Co. 

=xu Power & Light CO_- _ _  - _ _  - _ _  . _ _  
- a d :  Michigan Electric Co. (Mich.) - 

Diablo Canyon 1 _ _ _ _ _  January _ _ _ _ _ _  
Peach Bottom 2 _ _ _ _ _ _  February _ _ _ _  
Peach Bottom 3 _ _ _ _ _ _  February _ _ _ _  
Surry Station 1 - _ _ _ _ _ _  March __.____ 

Surry Station 2 March _ _ _ _ _ _ _  
Prairie Island 1 _ _ _ _ _ _  April _ _ _ _ _ _ _ _ _  
Prairie Island 2-- -  - _ _  August _ _ _ _ _ _ _  
Indian Point 3 _ _ _ _ _ _ _  April _ _ _ _ _ _ _ _ _  
Fort Calhoun 1 _ _ _ _ _ _  April _ _ _ _ _ _ _ _ _  
Oconee Unit 3 .__-____ April ____.____ 

T h e e  Mile Island _ _ _ _  May _ _ _ _ _ _ _ _ _  
Pilgrim Station 1 _ _ _ _ _  June _ _ _ _ _ _ _ _ _  
Cooper Station _ _ _ _ _ _ _  July _ _ _ _ _ _ _ _ _ _  

Browns Ferry 3 _ _ _ _ _ _  July _ _ _ _ _ _ _ _ _ _  
Zion 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July _ _ _ _ _ _ _ _ _ _  
Zion 2 ___.____________ August _ _ _ _ _ _ _  
Easton Station ___-_._ August ____.__ 

Point Beach 2 _ _ _ _  - - August _ _ _ _ _ _ _  

Crystal River 3--- .__ Aug~st  _ _ _ _ _ _ _  
Crystal River 4-- _ _ _ -  August _ _ _ _ _ _ _  
Kew-aunee 1 _--__-- -_-  A u g ~ s t  _ _ _ _ _ _ _  
Bolsa Island (Edison- September--- 

San Diego Unit). 
Bolsa Island (Dept- September--- 

Vnit). 
Maine Yankee Atomic September-- - 

Power Station. 
- Unit 2 (for- October------ 
inerly Burlington). 

Rancho Seco 1 _ _ _ _ _ _ _ _  November--- 

Russellrille Nuclear November--, 

Dondcl C. Cook C D i t  December---- 

Doxiald C. Cook Unit December---. 

Unit. 

1 

2 

1,060 
1,065 
1,065 

783 
783 
550 
550 
965 
450 
839 
831 
625 
ii8 

1.065 
1,050 
1,050 

766 
45 7 

825 
825 
527 
900 

900 

790 

1,050 

800 

825 

1,054 

1,054 

1971 
1971 
1913 
1971 
1972 
1972 
1974 
1971 
1971 
1973 
1971 
1971 
1972 

1972 
1972 
1973 
1971 
I a n  

1 9 r  
1974 
1972 
1973 

1974 

1972 

1973 

1973 

1972 

1972 

1973 

t 50 l 0 3 l j b  
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Status of Civilian Nuclear Power 

LICEKSA-G AXD REGULATATG TRE ATOM 

At the end of 1961, central station nuclear polverI 
operation, under construction, or for idrich applications Irere ’lalltr h review by the AEC represented a total of 42,750 net N T T e .  as foil,, 

0 Fifteen operational, with an installed cnpacit-1 of 
** net RilIwe.l 

0 Twenty-one under construction, with a total capacit, 
J of 14. 

net RI.rT-e. 
0 Thirty-one (including 3 prior to 1967) under reyiea or arts 

h g  decisions of atomic safety and licmsing boards, vith 
11 9, 

I n  addition, utilities had placed orders for 11 reactor units, totai 
not tk, 8,746 net Mwe., but for which construction applications had 

received by the AEC. 
Appendix 5 lists the central station nuclear powerplants in ~~ 

tion, under construction, under review, or planned, and &C  lice^: 
actions during 1967. 

bined design capacity of 25,290 net 3Ilvi-e. 

1 Includes the  Shippingport Atomic Power Stat ion i n  Pennsylvania which Tfaa 
as a cooperative project of the AEC and  Duquesne Light  Co. prior to the poRer ae, 
Demonstration Program, and the  AEC’s “N” reactor a t  Hanford, Wash., which 

~ 

not include the  Hallam (Nebr.) Nuclear Power Facility which is being dismantled, 
~~ 

linas-Virginia Tube Reactor (Pa r r ,  S.C.) which was shu t  down in 1967, and ~ h r  ~~ 

Euclear Power Facility, Piqua, Ohio, for  which the operational arrangement is 
terminated. 
UNIT SIZE 
(Mwe Net) 
1200 

1% 

steam fo r  t he  Washington Public Power SUPPIS System’s 790 biwe. generating statlo& Pr&* 

F 

TREND I N  UNIT SIZES OF NUCLEAR POWER PLANTS 

- APPLICATIONS FOR CONSTRUCTION PERMITS. 1963-67 
(central Station Power Plant Units 1 - 

R 

twiew Pam 

In June, t 
pel that k 

molving a1 
!pingof 19 

reommittee E 
mctors,” a re  
me,  Washing 
riated in early 
‘Ektalls in A 

utkm, U.S. A1 
‘The first R 

on p 
rorbere, it wa: 

Counse 
4 lB65.”) 
‘Copies of t t  

em Commis 
‘ f i a t  conduct 
ZtaeII. Other 
Qkcts managt 
k a c  Electric 

Panel, 
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,arings on Reactor Regulation 

comprehensive review of AEC reactor licensing and regu- 
since 1962 mas afforded by public hearings before the Congres- 
Joint Committee on Atomic Energy (JCAE) in April, &!fay, 

mber. Commissioners, representatives from the AEC staff, 
o m i t t e e  on Reactor Safeguards, Atomic Safety and Li- 
rd Panel, AEC hearing examiners, electric utilities, the 

gs served to  focus on the problems faced by the industry 
d the AEC in approving, nuclear facility projects. 

particular, the safety requirements for reactors, 
needs, the siting of nuclear reactors nearer to popula- 

centers and in earthquake zones, technical manpower require- 

industry, and others appeared before the Committee.2 

and the time involved in the licensing process. 

REACTOR LICENSING IMPROVEMENT 
ve toward nuclear power gained momentum 

AEC expanded and realigned its reactor regula- 
censing functions and intensify the develop- 

ty criteria, standards and codes.3 Improvements 
ed a number of recommendations made by the 
w Panel which had been appointed by the Corn- 

the reactor licensing process in 1965.4 

Panel on Contested Facility Cases 

ommissioners received a report f rorn a three-member 
at had been appointed from outside the Government in the 

of 1966 to study AEC procedures for handling contested cases 
tions to  construct and operate nuclear facilities? 

prints of t he  1967 JCAE hearing& “Licensing and  Regulation of Nuclear 
e f rom Superintendent of Documents, U.S. Government Pr in t ing  

Washington, D.C. 20402, in two  volumes, Part 1 at $1.76 each. Part 2 will be 
awl In early 1968. 
Wdla in AEC public announcement No. K42, available f rom Division of Public Inior- 

‘-->on, U.S. Atomic Energy Commission, Washington, D.C. 20546. 
‘?%e first B e y l a t o r y  Review Panel, also known 88 t h e  “Mitchell Pme l , ”  focused 

Air on procedures for handling uncontestedi licensing cases. Consisting of seven 
*re, it was chaired by William Mitchell, Washington, D.C., an attorney and former 

Co~mel  for t he  AEC. (See PP. 297-299, 305-307, “Annual Report t o  Congress 

the  Atomic Ene rgs  Commission by the  Second Regulatory 
ag be obtained by writ ing t o  the  Secrebry ,  U.S. Atomic 
n, D.C. 20545. This  panel, which made a follow-up study 
1965) Regulatory Review Panel, also was chaired by Mr. 

*d Other members were Gerald Charnoff, Washington attorney, formerly legal 
4 % t s  of t h e  Atomic Industrial  Forum ; and Roger Coe, Vice President, Yankee 
aemectr ic  CO., Boston, urns. 

5 0 1 0 3 0 8  
2Q4-q 72-6 5-9 
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hntested proceedings are those in diich there is a 
tween the AEC regulatory staff and the applicant + 

cz petition to intervene in opposition to an application has been ‘K-L- 

The panel’s review endorsed a number of practices in ~~~ 

CO“trmekt I 

issuance of the license or any of its terms or conditions, or in - ? 

or is pending. &r 

proceedings which the AEC had recently Put into effwt, bxG -4s 

up to the prehearing conference; (5) changes in the the 1% 

-- 
mendations for improvements, which are being Considered 
include: (a)  changes in time schedules for the various st 

for interventions; ( e )  clarification of the rights of i nk  
persons making limited appearances; and ( d )  the t?ijtablisb, 
additional guidelines for atomic safety and licensing boards wbzt 
ing teclulical issues and reliance on decisions in previous cLw 

9 the .Q 
9 s  

- .. 

Reactor Criteria and Codes 

More specific regulatory criteria have been established in 
mater power reactor arm. Progress was made in this diretion 
AEC in 1967 with the cooperation of industry and professional 

Design Criteria for Reactors 

On July 11, 1967, the AEC published in the FederaZ Reghtcr,g, 
public comment, a revised and expanded set of general 
expected to be satisfied in the design of power reactor 
components. The “General Design Criteria for Nuclear p 
Construction Permits,” first published on November 22, 1965 
further developed in view of experience with their use and as a 
of new developments in reactor design since that tima 
general design criteria would not. add any new requirements, &= 
intended to describe more clearly the present AEC requirema& 
assist applicants in preparing applications. Many of the gener 
criteria, while particularly applicable to light water poaer 
also are generally applicable to other power reactors. As the 
requirements in safety performance goals and objectives, they 
the framework upon which supplementary regulatory c r i t h  
standards for reactors will be developed. 

* * 

Supplementary Criteria 

In March 1966, the AEC regulatory staff initiated, with indm 
cooperation, tFo  programs to develop separate s p e d c  d@ 

~~~ ~~ 

As used here, the criteria are requirements which must be met. 
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riteria for pressurized water reactors and boiling water 
g i e  development of pressurized water reactor criteria is 

out under the auspices of the United States of America 
ds Institute (USASI) with AEC encouragement and support. 

rt for boiling water reactors is underway by the *4EC 
neral Eledric, the principal manufacturer of 

entarY Criteria for Pressure Vessels 

operative efforts with industry, the AEC has 
ent its “general design criteria” with more 

ongress for 1966.” 

3; Shipmelzt. The first nuclear pressure vessel to be shipped from Babcock dk 
-z’fs Xt. T’ernon, liidiana facility, is shown being lifted out of the fabrica- 
e dOP after completion of final quality control test in October. The vessel is for 
%@t@r Gas & Electric’s 42O-Mwe. Robert Emmett Ginna (formerly called 
~ p ~ ~ O o d ” )  nuclear station in Ontario, New Tork. 

T 
r- 

S t ) f i 1 3 1 8  



rwQ,  
detailed design, fabrication, and inspection criteria for 

systeni components. A joint AEC--idrisoq- Coinillitt on rT*’”.. 
Safeguards review group, assisted by the A4EC’~ developmental ’% *z 

entQ. p 

highest qudity standards practicable. More specific crihri, fQr ’_ -+ 

and national laboratories, developed tentative “Supplem 

latory Criteria for ASME Code-Constructed Kucl ear PreGR,‘> sels,” which mere issued by the ,4EC on &4upt  25,1967,s ~h~ 
specify AEC requirements for the design, comtruction, and inPCpi&+= 

of reactor pressure vessels to help assure that th eY are buil?? 

9 this cc reactor coolant system components are being developed b 
t 

Industry Code Development 

Power Reactor Emergency Core Cooling Study 

An advisory task force, appointed in October 1966, to 6 
emergency core cooling systems for power reactors, subniitted a 
of its study in the fall of 196’7.g 

The task force reported that although much has already btxn 
to assure an acceptable level of primary system integrity, it KOI& j 

The tentative criteria a re  available for inspection i n  the Commission’s Pub& b 
ment Room, 1717 H Street NW., Washington, D.C. A copy may be obtained by w f i a s  
the  Director, Division of Reactor Standards, US. Atomic Energy Commission, n’mk- 
D.C. 20545, 

The report is available for inspection in the  AEC’s Public Document Rme. :E 
H Street NW., Washington, D.C. A copy may be obtained by writing to the U t e  
Regulation, U.S. Atomic Energy Commission, Washington, D.C. 20545. Xembrr f 
task force were: Dr. William Hrasny Ergen, Oak Ridge National Laboratow, Ork ESs 
Tenn., Chairman ; Dr. Louis Baker, Jr., Argonne National Laboratory, A r m w  
Eric Stephen Beckjord, Westinghouse Electric Corp., Pittsburgh, Pa. : A. Phfk !Fez 
find Dr. Salomon Levy, General Electric Co., San Jose, Calif,, Joseph R. Dietrich- 
tion Engineering. Inc., Windsor, Conn. : I. Harry  Nnndil, MPR Associates, Inc., Far%@= 
D.C. : David L. Norrison, Battelle Memorid Institute, Columbus, Ohio: John FBB 

General Corp., Idaho Falls (formerly with Phillips Petroleum Co.) : and w* E 
Wascher, Babcock and Wllcox Co., Lynchburg, Va. I n  addition, J. J. DiRunno and Et’’ 
Lieberman of the  AEC s t a E  participated, and R. J. Impara, AEC semf 
technical secretary. 

and T. R. Wilson, Phillips Petroleum Co., Idaho Falls, Idaho; Warren E. SYe- r m  
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egrity of all components of primary sys- 
lity comparable to that presently planned 

force concluded that the basic approach hken in d1e 
t emergency core cooling systenls is satisfactory m d  

sis of safety factors related to such systems is within 
of current technology. In this context, the task force 
a systematic approach to core cooling system d e s i p  

lu&on, including more tests to verify current concepts and 
of reliability analyses in evaluating system design. 
& force considered the problem of handling the meltdown of 
@re in the unlikely event that no emergency cooling were 

ing the loss of all normal cooling. It concluded that 
be desirable as a long-term solution to seek measures other 

mergency core cooling to prevent a possible breach of the 
or containment, but for the near future it recommended a small- 

ed effort on these problems. It also suggested that meas- 
fission products could be effective in reducing hazards 

the period prior to breaching of the containment. 

~ J O R  FACILITY LICENSING es and 

Tie goal of the AEC's reactor regulatory program is assurance that 
G l o ~  and other nuclear facilities are constructed and operated 

manner consistent with public health and safety and the common 
e and security. It encompasses both the licensing of new facili- 

and surveillance of the operations of existing facilities throughout 
lifetimes. I n  addition to the regulation of licensed facilities, the 
replatory staff revie-m the safety of reactors owned by the 

C md the Department of Defense and provides advice on siting, 
and operation of reactors, and on porting operations for nu- 

THE REGULATORY PROCESS 

review 
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application for a permit to construct a power or test reactor or 
major facility undergoes a comprehensive safety review by the 

?&tory staff, and an independent review by the AEC's Advisory 
-anittee on Eeactor Safeguards (ACRS) as required by lam. A 

=~:IC hearing on the application then must be conducted by an atomic 
: and licensing board (aSLB). A n  application for an operating 

-:* for the completed facility also is reviewed by the AEC regula- 
%iff and the ACRS, but a public hearing is not mandatory. 

e , t d %  

le?.= 
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.. 
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ACRS Activities 

LICENSING AhTD REGULATING THE ATOM 

The ACR,S was established as a s ta tutoq c o m t t e e  in 19 

standards and crite~.+~ and in a continuing review 
safety research program. 

DECEMBER 31, 1955 - DECEMBER 31,1967 
Licenses i n  Effect for Operation or Possession of Reactors and Other hcillIia 

@ POWER REACTORS 

RESEARCH REACTORS 
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t1ie committee met on 13 occasions, and 7 2  meetings of 
xere held to consider specific nuclear project 

safety research activities and development of criteria re- 
e design, construction, inspection, and testing of nuclear - 

BIernbers of the ACRS also participated in several con- 
d sp-qosiums and on task groups sponsored by the AEC 
replatory agencies on nuclear safety matters. 
S is *a 15-man committee composed of members with 
erience in nuclear and other phases of American industry, 
development organizations, and academic institutions, 

rts in the various disciplines required for safety evalua- 

the year, the ACRS provided reports to the AEC on 18 prin, ractor and chemical processing facilities, 4 reports on AEC 
fadities, and 1 report on a non-licensed facility owned by - $her government agency. The committee also provided four reports 

r' Tith reactor safety research and criteria for nuclear plant 

,d 

gsJ& 

#- 

@ Hearings 

A bree-man atomic safety and licensing board (ASLB) is ap- 
by the Commission to conduct a public hearing on each 

,fipation for a permit to  construct power or test reactors or certain 
& major nuclear f scilities. The board conducts the hearing in the 
5jt- i  of the proposed site. s f t e r  considering the record of the 

the board issues an initial decision as to mhether .tz construction 
3 is to be granted. Before becoming final, this decision is subject 
B l t F ~ a 1  by the parties in the proceeding and to review by the 

ission. Members of each bonrd-composed of two technically 
ed members and a chairman qualified in the conduct of ad- 

drative proceedings-are d r a m  from the Atomic Safety and 
,mhg Board Panel. This panel is made up of technically qualified 

rts and persons experienced in administrative procedures. (See 
a n d i s  2 for ASLB Panel membership.) During the year, three 

anent officers-a chairman, vice chairman, and an executive 
-2tarj-were assigned to coordinate the panel's activities. 
li*'rhg the year, 11 individual boards mere constituted from the 

=A to consider applications for construction permits involving 16 
"Per reactors and a reactor fuel recovery plant. Seven of the cases 

not contested, and nine provisional construction permits were 
Fa to the Commonwealth Edison Co., Consumers Power Co. of 

Carolina Power & Light Co., Tennessee Valley Authority, 

5- 
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Northern States Power CO., Wisconsin JIiclligan p 
General Electric CO. 

Initial decisions were issued in three of the four 
granting provisional construction permits for t x o  Power reaci,J 
the Florida Power & Light Co., three power reactors f 

Power Co., and one for the Vermont Yankee Nuclear P 
initial decisions in these cases, re re  appealed to  the fiv 
sion for formal review (see "Commission Adjudication" 
fourth case, involving an application from the Philadelphi, Ei 
co., for provisional construction permits, was awaiting th 
decision of an ASLB at year's end. 

CONSTRUCTION PERMIT APPLICATIONS 
P AS applications from the electric power industry mount4 a 

issued construction permits for 14 large nuclear powerplants in re -15- 

Co?zstructio?z CN dcrzuay. The first multi-unit nuclear power station to LJC 1 - a  
ized by the AEC is the Tennessee Valley Authority's (TYA) BroKns Ftm * 
PleX on the north shore of the Wheeler Dam Reservoir near Decatur. dk 'e 
StrUCtiOn of the first two 1,065 Mvx. units was authorized in R h y  litf;;: ;F. '= 
the T'A applied for  a permit for a third 1,065 Nwe. unit at the site- K i Z  I t  f 

three Units are  owrating in 1972, the combined electrical output -&-ill be 
IC f 2 

lion kilom-at-nearly twice the capacity of any powerplant ROW o ~ r a t i - *  - b l e f  
U.S. This October photo shows the erection work progress for the La'' 
pression chamber and drywell skirt. 

- 
0- pp. 16-18, 

-%- for 1966." 

ealth Ediso 
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triple the number approved in 1966 (see Table 2 ) .  Among these 
proposed-twin 1,065-Mwe. reactors Fhich 
uction during the year by the Tennessee 
at its Browns Ferry Nuclear Power Plant 

st, the Public Service Electric & Gas Go. of New Jersey 
its proposed Burlington site, betvi-een Trenton and Phila- 

e 993-Mwe. pressurized water reactor. The utility’s 
lly received in December 1966, was amended on 
nclude two 1,050-Mwe. pressurized water reactors 

,pkmber 12, Piedmont Cities Power Supply, Inc., filed with 
~c a competing application for commercial licenses under 
on 103 of the Atomic Energy *4ct “to acquire, own and use a 4 

undivided interest” in the three pressurized water reactors 
d been proposed by the Duke Power Co. for construction at 

ee Nuclear Station in South Carolina. 
%Pplication was rejected by the Director of Regulation for the 
that: ( a )  the Commission has no authority to grant a license 

gpire, ovn, or use an undivided interest in the property of another 
without the consent of that person; (6) since no finding of 

value lo has been made concerning pressurized water utiliza- 
ities pursuant to section 102 of the Act, such facilities are not 

= - - 
=- 

a ~ p p .  16-18, “Annual Report t o  Congress for 1965,” and p. 433, “Annual Report to 
e for 1906.” 
i s 
B 
4 
3E z 

TABLE 2.-C 0 NST R UCTION PERMITS ISSUED -1967 % 

* Applicant Plant Month Unit size Projected 
(Net  Mwe.) operation 

ealth Edison Co. (Ill.) _ _ _ _ _ _ _ _  Quad-Cities 1 _ _ _ _ _ _ _ _  February _ _ _ _  
Quad-Cities 2 _ _ _ _ _ _ _ _  February _ _ _ _  

foww Co. (hlich.) _ _ _ _ _ _ _ _ _ _ _  Palisades Plant - _ _ _ _ _  March--.- -_-- 
Power& Light Co. (S.C.) _ _ _ _ _ _  H. B. Robinson 2 _ _ _ _  March ___-____ 

Q & Light Co _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Turkey Point 3 _ _ _ _ _ _  April ____-____ 
Turkey Point 4 __,___ April ____-____ 

hlley Authority _ _ _ _ _ _ _ _ _ _ _ _ _ _  Browns Ferry 1 _ _ _ _ _ _  May _____-____ 
Browns Ferry 2 _ _ _ _ _ _  May _ _ _ _ _ _ _ _ _ _  

;”mgtates Power Co. (3Iinn.) _ _ _ _ _ _  Monticello _ _ _ _ _ _ _ _ _ _ _ _  June ____-____  
-&chisan Power Co _ _ _ _ _ _ _ _ _ _ _  Point Beach 1 _ _ _ _ _ _ _ _  July _____-____ 
‘‘-mer co. (S.C.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oconee 1 _ _ _ _ _ _ _ _ _ _ _ _ _  November-_- 

Oconee 2 _ _ _ _ _ _ _ _ _ _ _ _ _  November_-_ 
Oconee 3 _ _ _ _ _ _ _ _ _ _ _ _ _  November,,, 

Nuclear Power Gorp-_- Vermont Yankee -____  December -_-_ 

a> 

Fa. 

715 1970 
715 1971 
700 1970 
663 1970 
652 1970 
652 1971 

1,065 1970 
1,065 1971 
472 1970 
455 1970 
839 1971 
839 1972 
839 1973 
614 1970 
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which will have the first large reactor pressure Vessel to be fabricated at 
The Northern States Power Co. (NSP) received a Construction M~~~ 
472-Mwe. plant in June. Above is a General Electric Concept of the finiq;hd i,: 
In the NSp photo, below, the Chicago Bridge C% Iron Go. has work Fell undc3.,,, 
on the containment vessel and is preparing for field fabrication of the 
vessel. About three-fourths of the major pieces of the rac tor  vessel IIpf. Ct. 

assembled, and sections are fitted and welded togethe?., tested and tRat(,: 1 
shelters at the site. Some of the round, domed nietttl Lshelters in which the w,e‘ 

nil1 be done a r e  shown to the right of the base of the derrick to\yer. 

.. 

The Xatiox 
3 operate i 

’a0, not inc: 
-ent of TT 
+Irt the appiic 

- 
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der section 103; and (c) the applicakion did not provide 
mation to meet requirements of AEC regulations. 

permits for Oconee Units 1, 2, and 3 were issued to 
GO. on November 6 folloving a farorable decision of an 

the AEC readstory staff had under initial review, 
lications for 30 nuclear pori-erplants representing a 
ut  of 24,828 Mwe.ll 

NEW REACTORS IN OPERATION 

rating licenses for the first two large central station 
n excess of 400 Mwe., and 

New Power Facilities 

San Diego Gas & Electric 
on March 21 to operate the San Onofre Nuclear 

ting Station Unit I at San Clemente, Calif., at po-ser levels up 
s, thermal (Mwt.) producing about 430 net Mwe. 

psurized water reactor achieved a nuclear reaction on June 14. 
Yankee Atomic Power Co. mas authorized on 

the Connecticut Yankee Power Plant at Haddam 
, corm., at levels up to 1,473 RIwt. The pressurized water plant, 

to produce about 462 net Mwe. for the 11 New 
onsoring Connecticut Yankee, achieved an initial 

mers Manufacturing Co. mas issued a pro- 
mal operating authorization on July 3 for the LaCrosse Boiling 

) at Genoa, Wis. This reactor, which 
zl ied a nuclear chain reaction on July 11, was constructed by Allis- 

airyland Power Cooperative under the 
ar Reactor Demonstration Program. It will be operated at power 

electrical output of about 50 Alm. 

Test Reacfor 

%e Kational Bureau of Standards was authorized on November 13 
~ operate its 10 RIwt. enriched uranium-fueled, heavy water- - 
‘h8 not include Malibu h’uclear Plant Unit  1 (462 Mwe.) proposed by Los Angeles 

*@nt of Rater and Power, which is not currently under review, pending amend- 
-@the  application. 
- 

- ‘I . 1 :! r- ~ 

‘ir -! . , L ‘  
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moderated and cooled test reactor near Gaithersburg, &Id. Tb 
em by an. e visional license was issued following an informd revi 

a;, 
and recommendations of the ACRS and the AEC r e g i z z , 6 n ,  

$8. NBS tank-type remtor, which sustained a nuclear reaction on 
ber 7,  will be used in research to develop standards 
nuclear processes. 

Reactors Planning Operation 

mf&y and licensing board which concurred with th 
* 

O. aPpli4 fr  
provisional license to operate the O y d r  Creek Nuclear poRe * 

in Lacey Township, Oman County, N.J. This boiling water 2 
which was authorized for construction in December 1964, is scbf,l;; 
to be placed in operation in early 1968. It is designed to opeB,- 

application was received on June 1 from Niagara N~, 

Nuclear Station at a power level of 1,583 hlwt. with a 500-&e. 
output. The facility is located in Oswego County, N.P., about 36 
from Syracuse. 

Commonwealth Edison Co. on Nomnber l'i requested authorit, 
operate each of its Dresden Units 2 and 3 in Grundy Countr 6 

On January 25, Jersey Central Power and Light c 

1,600 hlwlt., with a net electrical output of 515 megawatts. 
a 

Power Corp., requesting authority to operate its Nine am, pg 4 1  

at power levels up to 2,527 Mwt. (producing 809 net Mwe. mchj, .?  

NUCLEAR POWER PLANT APPLICATIONS UNDER REVIEW AND PERMITS lssuf~ 
REACTORS 

PROPOSED NUCLEAR UNITS UNDER REVIEW 
(By Month, 1965 -1967) 

CONSTRUCTION PERMITS ISSUED 

I 1966 I 1967 

fltlladel p hia 
Peach E 
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te design capacity of the reactors. I n  filing its safety analysis 
r revier by the BEC, the utility also requested appropriate 
t of its construction permits for the two units. Common- 
son, which originally had scheduled these plants for initial 

tion at 715 Aive., plans comniercial operation for Dresden 2 in 

al Electric Go. applied for a license on July 24 to operate the 
xperimental Fast Oxide Reactor (SEFOR) located at 
Township, Ark., at 20 Mwt. Operation of this s d m -  
, which will be used for research on fast breeder reactors, 
he spring of 1968. 

1969, and for Dresden 3, a year later. 

l edu l i  pbiladelphia Electric Co.’s operating license for its 40 Mwe. gas- 
Ea -;,Pd p each Bottom Unit No. 1 was amended on January 12 to 

- - 

.OhaRk 
P O i Q i  

j mils 
m ne 

17 ‘ W r a t i o n  Planned. The Siagara Mohawk Power Corp. will own and operate 
Xile Point I’uelear Power Plant nmv under construction by General 

--3c 011 the shore of Lake Ontario in the State of Xew Torli. The plant will 
* Mting of 500 Blwe. and is scheduled for start of operation in late 1968. 



increase the authorized power level to 115 hfwt. following th 

The Carolinas-TTirginia Tube Reactor ( CTTTR) located 

prototype powerplant had been operated as a trainillF and * 
facility since March 1963, by the four utilities cornp * - 
linas-TTirginia Kuclear Power Associates, Inc. 

Nuclear Power Facility, Hallam, Kebr., was issued 
to Consumers Public Power District of Nebraska, The s ~ i w  
graphite-moderated reactor which was operated f 
been shut down since September 27, 1964. Removal of the fUE! 

calls for enclosure of the radioactive material in sealed 
below-grade structure. 

e 3  fd completion of operating tests at one megawatt. 

S.C., having served its purpose, has been closed down 
Commission order dated June 1% 19Gi. The l ? - $ ~ ~ ~ ~ .  heat, rJ&:* G-t 

455 

at P< 

rlsQ tI& I-, 

On h-oremi, ;p 

&%: 
‘% 

An AEC order for dismantling and decontaminating tile ~? 

-* 

sodium coolant were initiated during the year. The retipernen! =t: spaces j& It ; 

Dresden I ,  2, and 3. The Commonwealth Edimn Co.’s Dresden 1 unit (Mt 
background) has been producing 200 Mwe. since mid-1960. It w’BS the fzrS 
Fatdy built nuclear plant to go into operation. TWO more units, each ~ 2 3 2 ~  
Mwe. capacity, are under construction at the Illinois site by the G e n e d  re 
Co. Unit 2 is scheduled to be in service in 1969, and Unit 3 in 1970. 
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FUEL REPROCESSING PLANTS 

28, following an initial decision by an atomic safety 
ard (ASLB), a provisional construction permit was 

era1 Electric Co. for a plant to process irradiated reactor 
SLB conducted a public hearing on the application near 

n Morris, Ill., on November 28, and issued its decision 

fsility, to be known as the Midwest Fuel Recovery Plant 
Fill be located on a 1,300-acre site south of the Dresden 

power Station. -411 operations will take place within a heavily 
uilding, the major components of which will be a 

rage basin, a processing area, and a solid waste reten- 

fuel ekments are chemically processed to recover unused and newly 
material and, to a limited extent, to recover certain useful byproduct 

dCifies, finits 1 and 2. Commonwealth Edison Cu. and Iowa-Illinois Gas & 
dz*i~ expect to have their Quad-Cities Unit 1 in service in 1970, and Unit 2 in 

-'e in 1971. Aerial riew shows the tnin 715-Mwe. reactor plant Construction 
xyw during October. Construction, by General Electric, was authmized in 

- 

-5 1967. 



130 LICEKSIXG ANT REG7JLATrn-G THE ATOM 

The second privately mmed plant of its type to be built, the ~II.'. 
is designed to process 300 metric tons per year of irradiated ~~~ 

in the form of uranium dioxide clad in stainless steel 
zirco alloy. General Electric CO. expects the plant to  be readS for 

mercial operation by mid-1970. 

Nuclear Fuel Services, Inc. 

On November 15,196'7, Nuclear Fuel S e r v i ~ ~ ,  Inc. (NPS) 
New York State Atomic and Space Development Authoritr :: 
for a construction permit to build a facility for the est&tioa~ 
neptunium. The new plant which vmdd be h a t e d  at the site tt' ~ 

present irradiated fuel processing plant operated by NFCJ 
Valley, N.Y., is scheduled for startup in 1970. The applicatior at 

under AEC staff review at  year's end. 4 Tf& 

Operator Licensing 

During the 12-month period ending November 30, the AEC be 
346 operator licenses and 311 senior operator licenses. These veh ir 

persons manipulating the controls a t  reactor or processiq rbhEE 
During the same period, '76 license applications were denied. Inclut;., 
previously issued licenses, 952 operator licenses and 699 senior 
licenses were in effect on November 30. 

345 new licenses, 13 amended licenses, and 299 renewed l i e e n s  :% e -  

'4 

I COMMISSION ADJUDICATION 

During the year, the Commissioners completed or undertook f e ~  
reviews of the following facility licensing matters upon appeals 
initial decisions of atomic safety and licensing boards (ASLR'sj : 

Malibu Nuclear Plant Unit 1 

The Commission completed its re vie^, pursuant to exceptio= 6 4  
by the AEC regulatory staff and three intervenors, of an AS=% 
initial decision on the application by the LOS Angeles Departmid 
Water and Pover  to construct a power reactor a t  Corral C ~ V - ~ C .  * 2;. :k? 
Alalibu, Calif. The Comniission?s decision, issued on Xarch 
upheld the *4SLB's determinaiion that the probability of Pf111z9 

ground displaceinent at the proposed site was sufEcientb h-- 
require that the design criteria for the plant be modified and =* 

;d fs 
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include provision for ground displacement from earthquake 

e Commission set aside the board’s order authorizing 
provisional construction permit and sent the matter back 

i ~ t ~  for further proceedings after submission by the appli- 
ropriate amendment to its application and retiew by tile 

and the ACRS.I3 
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I n  response to a question certified to the Commissioners t,, 

ASLB prior to the hearing, the Commissioners directed tl 
not to consider in the proceeding the effects of possible 

might result from use or deployment of weapo11s in U.S. d 
tivities. The ASLB's April 26 initial decision directed issuah&- 

data related to establishment of an ''eXC1USion area" under I ~ F . -  

z 3  
staff filed exceptions to the initial decision. One internenor 
of property adjoining the site, excepted on the ground that con_ 

'e ASIS: ~- 
destructive acts by enemies of the rn i t ed  States, or of accidents ~ ; . *  i' 

at fur+& 
criteria, be filed with AEC and made available for public lleariri .* = 

tion permits should not have been issued until sufficient evidence %.-l::> 

submitted to demonstrate complia.nce with the Commission-s site B& '" 

evidence concerning intentional efforts to damage the facilit?, TrA r: 
AEC regulatory staff contended that sufficient information oQ ~~ f _  

provisional construction permits subject to the condition th 

view and evaluation. The two intervenors and the ARC 

* _  

' an OR&: 

teria. Both intervenors took exception to the ASLB's exclusiao 

exclusion area had been supplied to support the issuance of const 
tion permits, and that the condition in the permits requiring f u  

hearing should not have been imposed. 
On August 4, the Commission directed the -4SLB to obtab 

information on alternative safety features, site meteoro1oa, 
control of persons and property within the exclusion area. The 
mission also ordered that the provisional construction permits r 
in effect pending completion of the further proceedings. The Comn;r- 
sion, in addition, stated that ASLBs do not have authority t o  d+: 
the holding of hearings following the issuance of a construction fsF 
mit. All other exceptions to the initial decision were denied. 

Judicial Review. On October 2, one of the intervenors filed a petit:<< 
in the U.S. Court of Appeals for the District of Columbia Circuit i,-: 
review of the Commission's action in refusing to consider the effects t?i 
attacks and destructive acts by enemies of the United States. f f k  

Oct,ober 4, the same intenTenor also filed an appeal in that court s e e k  
reviex of tlle  commission?^ action in proimdgating a c o i i f o r ~ ~ t ~ ~ = -  
rule l4 on this subject. 

Vermont Yankee Nuclear Power Station 

f 

Oconee N u  

:in ASL 
%-rtnm-uctio 

ms he 
:.ention TZ 

m i s d  the j 
:ty to issue 

The AS1 
prwious 01 

=der secti' 
aiider that 

A hearing to consider the application of T'ermont Yankee S u d s  1 
Power Corp. for st permit to  construct a nuclear porerplant 0 
Connecticut River near Ternon, Vt.. T'BS held before an ASLS =- 

h u p s t  1-2 and September 6-7, 1967, in Brattleboro, TTt. petit:;r,. 
to intervene in the hearing were granted by the ASLB to the sf;.:' 

a11 rulemaking actions of the Comnlission pertaining t o  licensing n:ld rfFCi 
during 1967 are described in Appendix 6. 
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Ilt,, Keq- Hampshire, and Massachusetts but denied to an 

yp17110 
~ .on of municipal power systems and three individual municipal 
*$ tenls located in Massachusetts, and to the local chapter of s p  

x@ e pollution League. On September 15, the Commission denied 
. inti- .s-c - rejudice, as interlocutory, an appeal from the ASLB's $ut P 

*ai- denying intervention to the municipal power systRms group. 
.&r intervening States of Massachusetts and Kew Hanlpshire 

yjle the granting of a construction permit on the basis of thermal 'etf t11e proposed plant on the Connecticut River. The State of 
azl'ts *- was similarly concerned with the problem of thermal effects ;ea $' @ember 8, the ASLB issued its initial decision which author- 
'In issuance of a construction permit. The permit was issued on -41 the 
e ber 11. Subsequently the State of New Hampshire filed excep- e.. 
= 

the initial decision and requested that an order be issued stay- >& f O  
-8 &e provisional construction permit, pending further hearings. 
e &e kfassachusetts municipal electric systems p o u p  filed excep- 
&& 
+& to the decision of the ASLB and its action in denying 
-.zfient ion. 
jrrd;cicr/ Review. On R m m b e r  13, the municipal power systems 

filed a petition for review of the action denying them interven- 
the United States Court of Appeals fo r  the District of Columbia 

i:ltl 

id not oppose the issuance of a permit. 

soit.. 

konee Nuclear Station Units 1 ,  2, a n d  3 
~ 

SSLB hearing on Duke Power Co.'s application for provisional 
amction permits for three nuclear power reactors in South Caro- 

K,ZS held august 29-30 and September 12 in Walhalla, S.C. Inter- 
.-:ion vas granted to 11 North Carolina cities and toms. They 
L+-J the jurisdictional question of vhether tlie AEC had the author- 

~ Y to issue the permits under section 104b of the Atomic Energy Act. 
The dSLB's initial decision, issued on November 3, confirmed its 
+ous order that the first two reactors were subject to licensing 
-ksection 104b and found that the third unit was also licensable 
5 r  that section. I n  addition, the ASLB authorized the immediate 
- a c e  of construction permits for all three units. The intervenors 
:-ie~eptions to the initial decision and to the ASLB's action in 

- 7  
j I I ~ W ~ ~  cd: 

- 
.rug iiiterrentioll t,o a petitioning corporation. The matter mas 

-fer w i e w  by tlie Conimission at year's end. 
.--I 

FINANCIAL INDEMNIFICATION 
. .  w 

't :&ft*- 1- 

;9 --. 19G7, the indemnification program established by the Price- 
* eon legislation of 1957 completed its first decade of operation. 
"Program affords financial indemnity to the public and t o  AEC 

. * *  
4. 
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licensees and contractors against public liability risks associa 
wit11 atoinic energy. It provides for private insuraiwe aucl ib; 

iQ’I.@% mental iiideninity amounting to a maximum of $560 million to 

incident. To dat,e, no claims have been made under the lieens a nude< 

f ,  

CGt. public liability claims, that might conceivably arise from ’ t: 

ef2 irlder a 
nity agreements. 

Refund of Nuclear liability Insurance Premiums 

Under the rating plan, a portion of the annual premium (6: ,- 

75%) for the nuclear liability insurance policies is set aside 
reserve for either payment of losses or return to  the policF]loldeF 
after 10 years. The amount of reserve available for refund is 
mined by the loss experience over the 10-year period. Total refur;;: 
of $46,436 represented about 66 percent of the 1957 premiums paid 
44 policies, totaling $70,142, and 97 percent of the loss ~2~~ 
established from the premiums. 

Small Reactor Financial Protection Increased 

When the amount of available private nuclear energy 1iabiIh 
insurance was increased in 1965 from a maximum of $60 million to Si 
million, the AEC amended its regulations to require the larger am@=: 
as financial protection for power reactors with a rated capacit? ~i 
100 or more electrical megawatts. At the same time, as required $ 
the 1965 amendments to the Price-Anderson legi~lation:~ Goverme;. 
indemnity for such reactors was reduced proportionately from W- 
million to $486 million per nuclear incident. 

In  view of the increased availability of private insurance, the --Ec= 
OR August 7,  196’7, proportionately increased the financial protefw 
requirements for power and test reactors of less than 100 
more than one thermal megawatt (Mwt.) . Amendment of the fom? 

10 CFR Part 140 of the AEC’s regulations increased br about; 

Public Law 89-210 ; see p. 300, ‘‘Annual Report to Congress for 1965.” 

Despite t 
fo 1’i State 
for 332 Iic 
,mber of 
Betting the 

During 
~ . O O O  appli 
sere filed 
9,251 AEC 
materials ( 
ilia1 nucleai 

The AE( 
licensing p 
&tory p r q  
:ions froin 
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B 
5 
- 

the financial protection requirements for licensees who oper- 
: Tf lbese smaller reactors and also raised the minimum level of re- 

otection for this class of reactors from $3.5 million to $4.5 

: .teat 

'' 
*' 

;; $on* 
.Ired P' Requirements for small research reactors were unchanged. 

,,ity Agreements in Effect 

mere 89 indemnity agreements in effect with ,4EC licensees 
epd of 1967 covering the licensed operation of 13 power reactors, 
arch reactors, 5 testing reactors, 17 critical facilities, 1 chem- 

essing facility ; and the N.S. Savannah; the storage of nuclear 
or to operation of a reactor at 7 sites; and 3 construction 

vlifi. Indemnity f e e P  paid to  AEC for the 12 months ending 
yfem ber 30, 1967, totaled $204,146. 

~(oNTROL - OF MATERIALS 
- 

Despite the substantial transfer of regulatory authority for materials 
1; States since 1962-tmo of d i i c h  in 1967 assumed responsibility 

: 'i* 332 licenses that had been previously issued by the AEC-the 
aber of AEC licenses has remained a t  a relatively stable level, re- 
h9bg - -.. the constant increase in uses of atomic energy materials. 
During the 12-month period ending November 30, 1967, nearly 
;;$o applications for materials licenses, amendments, and renewals 
-?re filed with the AEC regulatory staff. At the end of this period, 
,.jl AEC licenses vere in effect, consisting of 8,351 for by 
serials (radioisotopes) 414 for source materials, and 586 
A nuclear materials. 

product 
for spe- 

IMPROVING MATERIALS LICENSING 

The AEC took several actions during the year to simplify materials 
ming procedures and began a systematic revamping of its re@- 
Lor: program for radioisotopes with the assistance of recommenda- 
n s  from an independent review panel. 

bdioiso topes Licensing Review e d 

xesults of n G-montl1 stucIy-tI1e first comprehensive review of ma- 
t'ds licensing by a group from outside government-mere reported - 
' 'he AEC charges, as required by statute, an annual indemnity fee of $30 Per thermal 

*Wt for licensed reactors, subject to a minimum annual charge of $100. 
' ,  .- , ,  1 * -. 

'<* b 
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SfUllJ O f t )  UC’S regulatory program for byprocluct materials ( radlolsotoI~ it 

Government and represented nuclear medicine, nuclear indue, ? *.- 

process without prejudicing public health and safety. The panel .Q ,~~~ 
and also to appraise the effectiveness of AEC policies and prOeedurB - 

to the AEC in September and made public? The detailed 

was undertaken during the first half of 196’7 by the RadipisOtok i:- 
censing Review Panel. The 11-member panel was appoint 
AEC in late 1966. Its membership was drawn from experts outside t~ 

O’XUiG3: liigher education, State replation, health physics, and 
labor.’8 Appointment of the panel followed an earlier BEc exaQjt,i 
tion of its radioisotope program aimed a t  simplifying the lie,. 

asked to @e special attention to the changes contemplated by the BFr. 

for protecting public health and safety. 

ed b? t: 

- - a  

The panel’s report concluded that the AEC radioisotopes rem1 
program had been “well conceived and Tell administered and the Pab,’: atak  

has no doubt of its contribution to an excellent health and 
record . . . this safety record along with the generally increa,iG 
competence of licensees has enabled the panel to make recommend 
tions aimed a t  simplifying AEC regulations.” 

( I )  A general conclusion that licensees are competent to develop 

i- 

Among highlights of the panel’s report were : 
: 

radiation safety propams without detailed regulatory 
ments, and that the AEC should place more emphasis on pedom* 
ance objectives than on specific procedures and techniques fFI: 

meeting those objectives ; 
(a )  A recommendation that the AEC safety standards (10 CFR par: 

20) be simplified and supplemented r i th  a series of ‘‘rnanua1s ci 
good practice” which would provide guidance and operatiorkg 
standards for diverse types of isotope use ; 

(3) A recommendation that the AEC develop exemptions for certak 
classes of consumer products together vith specific criteria b~ 
which the staff could determine whether individual items meet t‘b 
conditions of exemption ; 

(4 )  A recommendation that  small quantities of radioisotope 
presently used under general license be increased and exempted: 

._ 

17A copy of the report submitted by t h e  Radioisotopes Licensing Review Panel. W 
tember 5 ,  1967, may be obtained by writing to  the  Director, Division of Materials UP-* 
fng, U.S. Atomic Energy Commission, Washington, D.C. 20545. 

18 George F. Trowbridge, Chairman of the panel, is a Washington attorney ; other me- 
were : Dr. illerrill A. Bender, Roswell Park Memorial Institute, Buffalo, N.Y.; Dr. LsUc’ 
N. Currie, Jlamaroneck. K.T. ; Donald T. Green, Picker S - R a y  Gorp., Cleveland. 0% 
Dr. John M. Heslep, Department of Public Health. Berkeley, Calif.; Dr. Rflfd 
Konneker, Mallinckrodt Chemical Works. St. Louis. Jfo. ; Herbert N. Parker. Cons!=‘ 
Pacific Northwest Laboratory, Richland, Wash. ; Dr. Seymour Rothchild, New 
Nuclear Corp.. Boston, Mass.; Dr. John P. Ryan, Minnesota nfining 6 Uannfaemfs 
CO., St. Paul. If inn.:  George H. R. Taylor, Department of Research, AFL-CIO, K* 
ington, D.C. ; and Dr. G. Hoyt Whipple, University of Michigan, Ann Arbor, Mid. 

Materials i 
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,onmendation that the AEC study the feasibility of licensing 
;dual radiographers and require improved standards for 

that evaluation of sealed sources and devices 
roduct material which manufacturers propose to dis- 

erformed centrally by the AEC rather than by indi- 

oposal for future regulation of nuclear medicine in which 
of ,4EC’s present functions would be carried out by the 

Food and Drug Administration and by the medical profession 

c equipment ; 

ridunl agreement States ; and 

itself. 
anel expressed its belief that simplification of ,4EC regula- 

K-ou]d encourage increased use of radioisotopes and at  the same 
ory effectiveness and increase acceptance of the 
It endorsed a number of steps contemplated by 
nsion of the broad licensing concept to a greater 

r’s end, action either had been taken or mas underway on 
endations. Some, such as those concerning exempt 

dical licensing, and development of manuals of 
uire further consideration. 

derials license Period Extended 

bxay, the AEC revised its regulations to permit 5-year effective 
+;& for its licenses for  source, byproduct, and special nuclear 
cfials, vhich in effect lengthens the time most materials licenses 
-1 be in force. 
*riously, licenses for the source materials thorium and uranium 
:: been issued for 3-year terms and licenses for special nuclear 
,;trials had also usually been issued for 3 years. Byproduct material 
doisotopes) licenses had been issued for terms of 1 to 5 years, 

ding on the nature and form of the material and its intended use. 
materials licenses are nov issued for 5-year terms except in cases 

-::e the nature of the applicant‘s proposed activities show the need 
* a shorter period. The longer license periods will significantly 

.e the volume of renewd applications, thereby easing the regula- 
burden on licensees. 

“;lified Licensing for Diagnostic Uses 

2 October, the AEC amended its regulations to simplify licensing 
>awes €or physicians ~ h o  use radioisotopes for diagnostic pur- 
SI The change will allow the issuance of a license for an entire 

- 

3 K ” g ; ; @  i l  
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group of related diagnostic procedures-even if only one i 
for-if the ,4EC h d s  the applicant is qualified. 

The most common diagnostic uses of radioisotopes are dirided i~~~ 
scanning procedures and nonscalmillg (uptake, dilution, and e s c ~  
tion) studies. -4n applicant for a use within one of the coups ~ 

issued a license for a11 of the diagnostic procedures in the grou 
application demonstrates that he meets the necessary licensing criteri, 

cific procedures and isotopes requested by the applicant, 

New Pharmaceutical Compounds 

Previously, medical radioisotope licenses had been limited 

Radiopharmaceuticals under investigation are evaluated 
assistance of the AEC’S Advisory Committee on the Medical 

rJi Isotopes (see Appendix 2 for list of members). When their safety ao, 
efficacy are su6ciently established the products may be used fcJl 

routine diagnosis or therapy. 
Eight radioactive pharmaceutical products were approved in lw 

for the routine diagnostic uses specified: iron-59 as sulfate for imv 
metabolism studies ; iodine-131 as sodium iothalamate for kidrlp: 
function studies ; potassium-42 as chloride for potassium space & 
terminations ; l9 chromium-51 labeled human serum albumin, 
chromium-51 labeled red blood cells for  placenta localization ; Benop, _ +  

133 and krypton-85, both as gas, for diagnosis of cardiac abnomla;: 
ties ; m d  selenium-75 as labeled methionine for pancreas scans. 

* c  

Jt  

Radioactive Waste Disposal 

California Nuclear Inc., of Lafayette, Ind., was licensed in Sup.=. 
to operate a radioactive waste burial site near Sheffield, Ill. The nps 

facility increases the number of commercial land burial sites to fivt. 
the others being in Kentuchc, Nevada, New York, and Washington. 

General license for Exports to Soviet Bloc 

On June 29, the AEC amended its regulations t o  permit ,4EC i. 
censees to  export certain radioisotopes to  several Soviet bloc d e s h  
tions under a general license. 

The new general license, which requires no application to -G.c 
v - 

C 

permits exports of radioisotopes (byproduct material) having a t ~ - - -  4 *E- : ?  
numbers of 3 to 83, inclusive, in labeled organic and inorganic m m 

pounds in  quantities not to  exceed 1 curie a shipment; and tritiE 

A measure of that volume of t h e  body which contains readily exchangeable P’*= 

196; 
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#en-3) with a specific activity of not more than 10 curies per 
tities not to exceed 10 curies a shipment, as 

nic compounds. This general license applies to Albania, 
Czechoslovakia, Estonia, Hungaq,  Latvia, Lithuania, 
golia, and the Soviet Union (and also to Poland and 

1 having an atomic number of 3 to 
ade to Poland and Rumania under 

ing material used principally in 
,Lr5ibl, biological, biochemical, and life science research, mas is- 

the peaceful and beneficial uses 
facilitate export sales by simplifying ad- 

mtive licensing procedures. The &4EC determined that export 
k i t e d  amounts specifled would 

sts of the United States. 

JANUARY-DECEMBER 19 6 7 



N e w  Agreements 

The addition of Arizona and Louisiana in 1967 broqht 
I- 1 :* number of States entering into Such agreements since the fiQt 

, - 
tf. 

signed in 1962. A similar agreement with Colorado is scheduled 
signed in mid-January 1968. Others are Slabama, Arksns. cas. 6 tr 

fornia, Florida, Kansas, Kentucky, Mississippi, Nebraska .-. 

and Washington. At the end of the year, these States had 

! - c r  Hampshire, h’ew York, North Carolina, Oregon, Tennessee, T ~ ~ -  

jurisdiction over more than 39 percent of the estimated 1s!;rk, 
terials licenses in effect in the United States. 

The agreement with Louisiana became effective May 1,196’i, \!- 

time 234 AEC materials licenses were transferred to the State. -\r:tg -- 
became an agreement State effective 3lay 15, assuming regulaton a= 
thority over 98 former AEC licenses. 

*- 

States Preparing for Agreements 

Before entering into an agreement with the AEC for assumptic: - 8  

regulatory controls, most States must enact new legislation to ~ r . 3 ~  ~ 

the Governor to sign such an agreement. During 1967, enabling IC- 
lation vas passed by Connecticut, Hawaii, Montana, South Car&:- 
South Dakota, Utah, and Vermont. This brought the total of ?-** 
with enabling legislation (not including those with agreemenrsi I.. -- 

Post-Agreement Cooperation 

To assure the continued adequacy of the State regulatoq pr{*Pe 
as required by la.w, and the continued compatibility of AEC ani  c== 

Public Law 86-373, effective September 23, 1959, added section 274 to tbr ’’- 
Energy Act of 1954, as amended. See pp. 266-2617. “Annual Report t o  ConWsss far ‘e 
PP. 375-376, “Annual Report to Congress for 1961.” 

5 0 10333 
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1965, the Commission announced a policy of conducting a f o m a l  
redetermination of the compatibility of State programs with 

of the AEC. The second such redetermination of compatibility 
mfide in March 1967 when the AEC found the programs of the then 

LGeement States to be both adequate to protect health and safety 
compatible with the AEC's regxlatov program for like materials. 

.t t STATUS OF STATE INTEREST 84 

i% 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 

u= 

i. 

PUERTO 
RICO 
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Training for State Personnel 

Adequate numbers of well-trained and experienced persoul 
of the most important factors in LZ State radiation program. Th el are 
therefore, provides State personnel with technical training in e -Qf +, 

tion protection and orientation in the AEC% regulatory practice, rad2 
procedures. - rtl,c 

course in health physics and radiation protection given by 0 -k&,; - 
aJi R&, Associated Universities (ORAU). In  addition, a 3-Xeek coub &= 

applied health physics was presented by ORA4U in the spring frJr 1T r\ 

ence for students with theoretical training but limited esperienn e q e -  _ L  

Twelve people from nine States participated in the annual 

other persons from nine States. This course provides practical 

health physics. '1 

Two orientation courses in AEC regulatory practices and ~~~ 

cedures were attended by 29 persons from 16 States. 
A special 1-week course in the replatory and health physics ap 

of nuclear medicine was given at the Cniversity of Florida, Gainesviii*- -4- 

for State personnel in the southeastern United States, Kith 19 
from seven States participating. 

--&- 

SAFETY AND COMPLIANCE-. 
During 1967, the AEC obtained new measures of the degm j ~ f  

safety in the atomic energy field outside its own sphere of operatic:+.. 
These included results of the first surveys of the work-injurj esp.. 
ence of the private sector of the growing atomic energy hdustn--, -co- 
leading film badge processors reported to  AEC the distrib&os r! 

radiation exposure to  employees of nuclear energy licensees. 

INDUSTRIAL SAFETY 

The AEC has long-established methods of determining the de 
performance of operational activities involving S E C  and ,4EC ce 
tractor employees (see Chapter 7-Operational Safety). It also m k  
tains a systematic radiation safety inspection and enforcement p' 
gram with respect to the operations of AEC licensees. H o w e m  c 
prehensive indicators of safety in the atomic energy industq haye 
been developed. I n  view of the need for industrial safety statis-' 
that could be compared directly n-ith those of other indudriE-'" 
AEC requested the Bureau of Labor Statistics (BLS) to condos' 
special survey of private companies having employem in gtG 

energy work. The BLS survey included statistics on 175 establ&s' 

tadiation Exp 

TO obtain i 
Q employees 
-?ported unde 
Am badge pr 
mdings for a 
alendar year 

The four fi: 
mployed by 
apbyees  ind 
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183,617 employees for the year 1965, and 1'76 companies with 

employees in 1966? 

lniuw Frequency and Severity 

e BJ,S report, which covered all types of industrial accidents, 
the work-injury experience of the private atomic energy indus- 

be better than that of most industries reported to BLS in its 

a frequency rate of 4.3 disabling injuries for each 
man-hours worked was achieved by the atomic energy industry 
2nd a rate of 4.1 in 1966. The 1965 frequency rate was con- 

below the comparable rate of 12.8 for  all manufacturing 
ries as reported to BLS in its national survey.22 (For AEC and 

~  ontra tractor rates see Chapter ?'-Operational Saf ety.) be severity rates of the private atomic energy industry-the total 
"lost or charged" because of injuries for each million man- 

Korked-were 514 and 539, respectively, for  1965 and 1966. The 
severity rate also compared favorably with the BLS average of 

- for all manufacturing industries for the same period.*Z 
The BLS survey covered industrial accidents of all types. None of 
-$juries recorded in the survey in 1965 was attributed to exposure 
sdiation. In  1966, one injury occurred involving X-radiation burns 

e fingertips of one hand of an ernpl0yee.2~ 

igiion Exposure Stat ist ics 

btain information on the general levels of radiation exposure 
loyees of AEC licensees below that which is required to be 

rted under its regulations, the AEC contracted with four leading 
badge processing companies to supply a summary of film badge 

C licensees Rho subscribed to their services during 

dge processors whose data covered 61,000 persons 
?joyed by licensees, reported that badges of 96.2 percent of the 

indicated annual doses in the range of 0 to 1 rem ** and 99.8 
~ f t -  

ents in the commercial sector were identified from a list report- to BLS in 
fessional 2nd technical inanpower. Government-owned facilities operated by 

2 companies under contract, and firms with less than 25 employees working in 

tics fo r  1966 for  all manufacturing industries mere not yet avail- 
15 ':'miC energy field were eliminated from the list for purposes of the survey. 

not regulate or license the use of X-ray generating devices. 
roentgen equivalent man-A measure of the dose of ionizing radiation 

time8 in terms of its  estimated biological effect relative to a dose of 1 roentgen 
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percent showed doses in the range from 0 to 5 rems. These ~~ 

are comparable to those indicated in statistics niaintailled by 
for its employees and those of AEC contractors. 

The 61,000 individuals corerecl by the statistics included tl,p 
2; * 

- (.r ployees of approximately 2,900 or 41 percent of all AEC licenseeq 2. 
thus are considered to be representative of all -4EC licellSeec; -1 a:. 

u. 

COMPLIANCE AND ENFORCEMENT 

During the 12-month period ending November 30, lgG+ 6: I,{:- 
inspections were made of operations conducted under Specific -@; 
licenses to  possess, use, or transfer ~ S P ~ O ~ U C ~  ( reactor-pmduc~2 
source, or special nuclear materials. I n  addition, a total of 385 ins!; 
tions of licensed facilities were performed during the 12-month pe. 
representing a 9 percent increase over the corresponding perid 
bg. November 30, 1966. Facility inspection efforts were concent 
on nuclear powerplants both under construction and in Operation. B; 
215 inspections being made a t  39 such plants. Approximat&- 9fl 
cent of the cases in which inspection disclosed noncompliaice ui.- 

handled by the regional offices. The remainder, Khich involred 
serious or complex cases of noncompliance, were referred to -11: 
headquarters for action. Compliance inspections during 1367 
that reactor and other facility licensees experienced occasional p9 
ment malfunctions and other operating problems, as is nomt 
experienced n i th  the operation of complex facilities. Kone. of ti- 
occurrences presented any hazard to licensee employees or to t s 

general public. 

Four Orders Issued During Year 

During the year, orders were issued to four materials licenses hr t i  

Director of Regulation because of violations of AEC requirpn:E: 
The license of a radiography firm was suspended bemuse of the u 
unqualified radiographers and their helpers. ,4 cease and desist or 
was issued to another radiography concern because of alleged fa 
tion of its calibration records for radiation survey instrument2 
license of a laundry was suspended because ithe firm processed cl 
contaminated with radioactivity at an unlicensed location. The li- 
v a s  reinstated later when proper facilities became available fa t~*- 

uranium mill operabr was ordered to  stop using any liq"iJ 
retention system not described in its license application after r h F  r,L 

bmknient of an unauthorized storage pond ruptured and &d13-F 

radioactive material to the Colorado River. 

Radioaci 
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are required by AEC regulations to report all significant 
* *  . Each incident is inl-estigated by AEC personnel 
ltlo kle its cause, extent of exposure to personnel, adequacy of .,terD 

ffo& to prevent recurrence, and need for licensing or enforce- ..* e 

inlste]y 7,000 AEC materials licensees in the 12-month period 
sovember 30,1967. 

of the 18 incidents involved radiation exposures to a total 
~ ,e15011~, One of the incidents disclosed an estimated exposure of 

t o  the hands of two men engaged in t h e  encapsulation of 
i , lm-g~  sources. The exposure apparently had occurred in 1962. 
lier investigation by the licensee did not reveal that a skin condi- 

-,lfiered by the tn-o men was attributable to radiation. One man 
dTd a recurrence of the skin condition and the licensee reported 
‘stbr to ithe AEC in 1967. An AEC compliance investigation, in 

medical consultant participated, concluded that the condition 
auj& by an earlier radiation exposure of at least 1,000 rems to 

-.,, .L. highest 1967 exposure reported in the remaining 13 incidents 
:yiIlg exposures to personnel was a dose of 750 r e m  to the left 
1 of a radiographer, causing reddening of the hand. Apparently, 

,J -ut making the required radiation survey, he had handled the 
-x cable of the radiography camera briefly while the source ws 

:I1 its mishielded position. KO harmful effects were observed in 
:: other incidents involving radiation exposure. The maximum 
:?body exposure was 39 r e m  and exposures to hands ranged from 
2110 rems. In  one of these incidents, two employees receired lung 

.;xes of 45 rema and 14 rem, respectively, from deposition of 
~ 1 ~ 1 9 2  when an abrasive wheel accidently cut into a capsule. 
3 four remaining incidents did not inl-olve significant radiation 
?Lre but were reported pursuant to regulations because of fxility 
‘:gJTn for more than one day, releases of 50 a. and 10 m. of tritium 
IO the atnmphere, and damage of $lS,OOO to a plant as the result 
iemical explosion. 

*i  .eIlSe@ 

F .  1 ,  action. Eighteen such incidents were reported from among the 

r,xl fi 
;I  

I t  

Padioactive Materials 

-2nsees reported 31 losses of radioactive material for the 12-month 
-4 ending Sovenlber 30. In  10 cases the materials were later - - _. 
2 of incidents required to  be reported by AEC licensees are listed In a footnote - “Annual Iirport to Ccmzw*> for 1965.’’ Litenst... reports on all such incidents 

---for Public inspection in the AEC’s Public Document Room, 1717 H Street h’~.’ . ,  
-:!‘Jn, D.C. 

i 
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recovered. In  the 21 other cases, a careful review and e 
the individual circumstances surrounding the loss was 
AEC. It was determined, based on the circumstances i 
it was unlikely that any of these reported losses would 
hazard to the public health and safety. 

LICENSIKG AJSD REGUL-4TLYG THE ATOM 
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ts history, the AEC has niaintsined an outstanding safety 
by chance, but by careful planning. Accident preven- 

aqmres, experience gained from the few accidents that do occur, 
the cooperation of AEC and AEC-contractor management and 

have all contributed to AEC‘s leading position in industrial 
e year 1967, in fact, was a record year for the AEC and its 
. It was the safest year in the AEC’s 20-year history. The 
uency rate (the number of disabling injuries for each one 
n-hours worked) was 1.45 in 1967, compared to 1.54 in 

;sand an overall industry average for that year of 6.91. Early in 
~ ~ 1 ,  e- the AEC and its contractors nere presented with the National 

* :AtT .I Council’s 1966 “Award of Honor” for the fifth consecutive year 
for the seventh time in the history of the AEC. 

VBLIC SAFETY ASPECTS 
control of nuclear and nonnuclear contaminants continued to be 

-L --?h~$~ed during 1967 in all AEC activities, from the simplest to 
- > m o s t  complex. Control of air pollution was further intensified 
-1~atRr pollution controls were maintained at  a rigid high level.’ 

POLLUTION CONTROL 
hiex of progress on the water pollution abatement plan developed 

%rejponse to Executive Order 11288 (of 1965) showed that all but 
z proposed abatement project would be completed by January 1968. 
-remaining project, a treatment plant for the removal of chromium 
X I  anticipated increases in the discharge of cooling water from 
- ~ n n e  Kational Laboratory, is under further study. More effective 

Ul 

Y - 
4 a n  Plant. 

-*omium removal is also under study at the Paducah Gaseous Dif- 
3 .  

E -  
x & PP. 337-340, “Annual Report t o  Congress for 1966.” 

2a-172-68-11 
147 
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Included in the plan are 24 proposed actions at 20 4E: 
locations to meet newly established standards for nonradioact., 
lutants. Specifically, major portions of the plan are di 
compliance at fossil fuel-fired heating and powerplank 
ticdate and sulfur dioxide emission standards promulgate(] tt. , 
U.S. Public Health Sen-ice (DSPHS) , md meeting sinliltlr [.gP t~ 

standards concerning open-pit burning and incineration 

Uranium Mill Tailings 

I n  July, the AEC and the USPHS began a joint SalnP1inw 
Pl.C$Y to evaluate the public health aspects of radon, a g a  prod,lari 

radioactive decay of radium, at and near uranium inill tailin* . * 
t?. Ik ’ 

Pollution A7)atement by W a s t e  Cltromate Recouery. The feasibility o€ ~ V F E Z Z  

and reusing chromates from the discharge of recirculating cooling w a w  
has been demonstrated by the  operation uf this ion exchange pilot plant fw 
Past year. Testing of the chromate recovery system was a joint effort 
Pialco Chemical Co. and Union Carbide Cow., operator of the AEC’e 
Gaseous Diffusion Plant. The recovery of chromate by ion exchange is tee4 
PXw-?sS patented by Nalco. Determination of the  best solution to  the &s-e 
Problem is being studied further as par t  of the AEC’s pollution atSesC 
program. 



a differences in the release rate of 
function of time), the actual radio- 

-----en vilw has been difficult to as- with the 
l tb  used. The AEC's Health Services Labratory 
p .Eta+in- ' kho ,  has developed an integrating 

u u m m . ~ ~ I ~  for periods up to 48 hours t,o 

aerator pumps air a t  about 10 
u a Precision needle ralye with a digital 

f Y h  bag. The pump can be used 

- 
)re realistic evaluation of the dose 

L..- = 
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new sampling technique was deTeloped by the AE& idallo 
Services Laboratory to accomplish the sampling of tile 
radon gas emanating from a tailings pile in a 48-hour pe 

OFF-SITE MONITORING ACTIVITIES 

Nevada Test Sife 

There are programs and staff at NTS, NKDS, and the 
?;prd - i  -% 

Operations Office to cope with day-to-day radiological situatio 
to assure the safety of off-site residents. A safety evaluation is 
before conducting any nuclear test. The AEC obtains the 
other Federal agencies and contractors who also hare tecllnicaj 
with detailed knowledge of these potential hazards3 The L d ~ p  
ports a program of long-range safety studies to develop datg 
better understanding of the radiological and physical effects that 
have a controlling or limiting influence upon testing propan!-. ‘I- 
off-site radiological monitoring around NTS, and also at  other 
tral Nevada, Amchitka Island, and Plowshare program) test 51trL 

conducted for the AEC by USPHS.‘ 

opinent or  Department of Defense (DOD) tests, three under 
Plon.sllnre csperiments (see Chapter 11-The Plowshare PPCZ 

During 1967, there were 25 announced underground Teapons de:$ 

Arailable from Superintendent of Documents, C.S. Government Printing C ~ V .  fd 
ington, D.C. 20402. Subscription Price-$5.00 per year ; $1.50 additional in: 3-s 
mailing ; sin&le copy, S O $ .  

a These agencies and  contractors a r e  : T h e  U.S. Public Health Servjce; the r.p. Est* 
mental Science Services Administration (which includes the  Air Resources Ffefd 
Office and t h e  U.S. Coast a n d  Geodetic Survey) ; t he  U.S. Geological S U r w :  * +s 
Bureau of Nines  : the  Environment Research Corp., Alexandria, Va. : Recnold* 
and Engineerinji Co., Inc., Las Vegas, Ne>*. ; Hazleton-Nuclear Science C W .  &= 

Calif. : John  A. Blume and Associates, Los dngeles, Calif. ; Holmes & Kame:. 
Angeies, Calif. ; EGGiG, Inc., Las Vegas, Nev. ; Eberline Instrument C0rP.t -%Sa ’ 
N. Mex. ; Battelle 3Ieniorial Insti tute,  Columbus, Ohio ; and Desert lXewm+b 
UniverSitr of h’evada, Reno, Nev. 

‘See p. 63, “Annual Report  t o  Congress for 1965,” f o r  a map of etat*@o ‘--%- 
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e NRDS full-power space reactor tests at the Nevada Test Site 
8---hTuclear Rocket Propulsion). 

DS fdl-power space reactor test conducted on Decem- 
released Some radioactivity to the off -site area. From 
ata, it appears that the levels of radioactil-ity in air, mi&, 

did not exceed those levels listed below fol loFbg earlier 
d during the year. The time required for collecting 

the samples collected in the off -site area preclude inclu- 
n this report. 

table levels of radioactivity were measured off-site, by ground 
three of the 1967 underground nuclear detonations : 

19, umber, June 29, and Door Mist of Aues t  31 (see 
OlllY the Umber event could external gamma 

- -  : 

_- . . I  

ut A I ’ S .  tireen crops and a modern dairy farm apwar out of place in the 
._ m, hot desert environment of the AEC’s Xerada Tmt Site (NTS). Photo 
_-. ~horrs part of the U.S. Public Health Serrice-owrated farm at the N T S  ; 

photo beEow shows green feed for  the animals being harvested. The crops 
;sttle are a part of the AEC’s continuing health and safety promam to develop 
-z,iltion on the environmental effects of nuclear testing. 
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radiation levels above background be positiveb detected at a 
off-site location. The highest dose rate measured in a popul 
for tliis event was at Death Valley Junction, on the Californi, 
and 25 miles south of the controlled area (NTS Plus the adjacent 
Air Force Range). The peak dose rate measured in the mol., 
June 29 was 0.1 milliroentgen per hour; i t  returned to backgl.,; 
level by noon that day. The total estimated dose was about 
roentgen and could have been received only bY a Person who liar: 
mained out-of-doors during the entire period of cloud pasage. 
is a small fraction of the average annual exposure in that 
200 milliroentgens) f rorn all naturally occurring radioac 
from cosmic radiation. 

off-site population in areas sumou~ding XTTS during the yenr, 
badges, each worn for approshately 1 month are used to 
off-site exposures associated with NTS events. Kolle of the 
showed exposures above ths lowest limit of detectability for the, 
(20 milliroentgens). 

approximately 43 different inilk saiilpling stations during 196;. 
addition to the routine milk samples, 350 special sample 
lected for NRDS activities and SB special samples for reappons er 
Among these milk samples, the two lligliest iodine-131 values for 
year (each 0.09 nanocurie per liter) vere correlated Kith f0&? 
atmospheric weapons tests. These values may be compared Kith & 
computations of the Federal Radiation Council (FRC) for 8 s 
deposition of iodine-131 on pasturage. A peak value of 4.2 na 
of iodine-131 in a liter of milk, using the FRC assumptions f 
may be equated to the guide for a suitable sample of an exp 
population group for normal peacetime operations. 

Water Monitoring. Water supplies are routinely monitored for p- 
beta radiakion in the &-sits area around NTS. During the j - e ~ r .  sz. 
ples vere collected at 90 different locations. Of the more 
samples collected, there were no positive results for fresh fi 
products, incluchg radioiodine. 

Gross Befa Radjoacfivify in Air. There were 105 air Sampling stat 
oper,zting continuously in the area surrounding the R'TS. In  dL'- 

events. T11e peak gross beta concentration air in a POPulated %""- 

' . *  

Film Badges. Approximately 1,905 film badges were issued t o ,  

Milk Monitoring. About 342 routine samples were collect& f _  

pi 

up to  65 supplen~entary samplIing units n-ere employed during v 
F 

'*W operatio ' the cost 0 
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ries per cubic meter of air. This occurred 
folloxing a space propulsion reactor test at 
. This was a transient increase caused by 

airborne radioactivity . 
a results on air filters collected following weapons or 
ts at NTS did not exceed 2 picocuries per cubic meter. 

ss beta activity in air have little value in 
ses to persons. However, the data obtained 

are used by the off -site monitoring group to : ( a )  indi- 
resence of airborne radioactivity in a specific area, and (6) 

in0 the areas where milk, water, and vegetation samples should 

is a quantity of radiation in which there is the same number of diaintegra- 
inute as in one-millionth of one-millionth of a gram of radium. 

- l i r  Sampler. For use a t  the Sevada Test Site, the Reynolds Electrical and 
:Jeering Co. has developed a compact air sampler for use in the field during 
"goperations. The ne-x unit is smaller, more efficient, and o p r a t a  a t  one- 

the cost of the previous air sampling trailers. The model also has the addi- 
=;1drantage in that samples are obtained in a more predictable manner by 
:*of a limited orifice technique which results in more reliable documentation. 
zits are self-contained and can operate for long periods of time and feature 

yhdisplacement pump directlx coupled to a gasoline W g h ? ,  



bw Uranium 

hring 1967 
cmcil (FRC 
*% in the pre- 
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of a direct cause-and-effect relationship is fraught with 

&J$ has, over the Sears, cooperated Tith State and other Fed- . ’es to improve conditions in uranium mines. The hearings 
ed the difficulties presented by overlapping State aiid Fed- 
*&ctions. The States-traditionally the mine safety re@- 
bad intensified their efforts to bring about better ventil a t’ ion in 
ound uranium mines following a Coiiference of Governors 

cer in 1960. Over the years, working conditions in the mines 
improved. Because of the long period for development of 
r-10 to 20 years-the total number of cases is likely to in- 
ite the corrective actions taken in the late 1950’s and during 

. Expsures related to current lung cancer mortalities may 
rted with the mining of vanadium-uranium ores in the late 

fwtors complicating the analysis and solution of the problem 
the difficulties of measuring and estimating exposures for in- 
miners ; (6) controlling radon concentrations in mine air ; 

lI1,-k of adequate surveillance-monitoring equipment ; ( d )  lack 
ate esposure records ; (e) shifting of miners between mines 

s occupational lines; ( f )  strong evidence of a history of ex- 
to other lung irritants; and ( 9 )  variation in ventilation 

nse to these problems, the AEC has joined in a cooperative 
d development effort with the U.S. Department of the In- 

‘SBureau of Mines and vi th  the U.S. Public Health Service of 
Department of Health, Education, and Welfare (DHETT) . A di- 

of responsibility for various research and development activities 
5 b n  agreed upon. Each agency is conducting programs which 

best be accommodated by its staff and facilities as follows: 
JEC;  Improved surveillance-monitoring equipment, character& 
zition of mine air, and basic research supporting development of 
improved instrumentation. 

~ Intekor; Improvement of mine air and personal protection. 
-< DHEW : Epidemiological studies, medical aspects, bio-eff ects 

of alpha radiation, and evaluation of control methods. 
is anticipated that as the program continues, many projects will 

qanded and n e r  ones Till be initiated. 

sw Uranium Mine Safety Guidelines 

king 1967, tlie AEC worked closely with the Federal Radiation 
ad (FRC), an advisory body to the President on radiation mat- 
%in the preparation of FBC Report No. s, “Guidance for the Con- 

~ 
~ 

2 ~ 50 l O 3 t i 8  
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trol of Radiation Hazards in Uranium Alining." The repofi 
associated memorandum to the President was appro\-ed in J~~ 

contain recommendations for both immediate and nesr-futu 
to improve the working environment for uranium miners 
tablish guides for controlling exposure of miners. 

Accelerator Safety Report 

Emergency Assistance and Information Systems 

Implementation of the Interagmcy Radiological Assistance pK 
at the regional level has been accelerated in an effort to establish liaisSz 
and regional coordination between AEC regional coordinating O~T- 

and the offices of other Federal agencies. AEC regional radio]@& 
assistance plans were revised to include procedures by x.hi& 
appropriate personnel and other resources of several Federal agw&-= 
would be organized at once in the event they are needed to pmrp: 
health and safety after an accident involving radioactive materials. 

AEC Accidents and Property Damage 

Ten deaths occurred in AEC operations during the year, none fmz 
radiation. Kine resulted from industrial-type accidents and one fm 
a motor vehicle accident-as compared with two in 1966. The 
property damage ratio of a little more than 1 cent was well b e h  
AEC 20-year average of slightly over 2 cents loss per $100 of 2d?c 
owned property and compares with a rate of one-half cent for 1 s  
Of the total property damage of $2,394,126, three operatkg i n d e  
each resulted in a loss of $100,000 or more. 

a Available (TID-23992) from Superintendent of Documents, U.S. Government wm 
Office, Washington, D.C. 20402, for $0.30 per copy. 
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New Dosimeter Xystem. Conventional 
dosimeter film packets have been re- 
placed with lithium fluoride (LiF)- 
Teflon disc thermoluminescent dosim- 
eters (TLD) in the badges of 
approximately 3,000 regular employees 
a t  the h'ational Reactor Testing Sta- 
tion (NRTS) in Idaho. Substituting 
the TLD system required no modifica- 
tion of the NRTS dosimetry badge 
holder. The badges, shown at left, use 
I--_- 

two LiF-Teflon disc dosimeters, one 
positioned in the open-window area 
and the other in the cadmium filter 
area. The discs are held in a plastic 
dosimeter retainer the same size and 

packet. An insert in this plastic retainer 
a punched binary code number for identification. NRTS personnel using 

ho normally receive less than 500 mrad per 
accident or a known exposure the dosim- 

read on a quarterly basis. In the routine processing of the badges a data 
ion system is utilized. This system, shown below, composed of a mechani- 
&-closure sensing device and electronic punch-drive circuitry, records 

S d B  number and the digital thermoluminescence value on punched paper 
'f &e time of the readout. This paper tape serves as input to a computerized 
gtion and record-keeping system from which all reports and information 

are accomplished. 
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t the Pantex Plant, Amarillo, Tes. The estimated 1.5 
does not include v-eapon and weapons component 

in a heat exchanger cell of the ‘‘P reactor a t  the 
q70rks, Il7ash. which was being restarted after a maintenance 

Tile apparent cause was the escape of oil from the system 
e bearings of the primary circulating pumps, prob- 
identsl tripping of solenoid d ~ e s  by electricians 

rev.ioUs maintenance work. The source of ignition for the oil 
Men determined. This accident, which occurred on June 21, 

a property damage loss of $220,000. 

Exposures 
- I 

sere no Type A9 radiation exposure incidents during 1967. 
$e@ 

+? Tvpe B reportable exposures occurred as follorrs: a 370 f i e +  y 

:;eSpOsure to the right wrist of an employee while screwing caps 
> .j,ie]ded sample carrier; 250 rem exposure to the hands of an 

$?ee while halidling a radioactive steel wire ; 80 rem t o  a hand of 
i;.;trcll teclinician m-hile using an X-ra? machine; 75, 39.4 and 39.2 
- - the hands of t h e e  employees while processing a curium soh-  
1. I 10.5 rem to  the skin of the whole body of a rigger ; and cumula- 
eajlole body exposures were received over a period of from six 
-’ --to three months by employees in the amounts of 5.9 ; 3.8 ; 3.7 ; 3.4 
A ifour employees) 3.3 ; 3.2 ?em (three employees), and 3.1 rein 

employees), respectively. 
7 

g&abIe Type A and Type B incidents are deflned in TID-5360, suppIement 6, “A 
of Industrial Accidents in USAEC Facilities, 1965-1966,” avaiIable from Super- 

&st of Documents, U.S. Gorernment Printing Ofice,  Washington, D.C. 20402, for 
-*teOPY. 
drm is the  clunntitS of any type of riidintion that, for general purposes, produces 

-<&e Same biological effect as one roentgen of X-ray radiation. 

s n !  0352 
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uclear rocket program is a joint effort of the AEC and NASA 
ng a significant increase in propulsion capability 

for high-payload missions after Apollo. The nuclear rocket 
advantages over the best high-energy chemical 

.&for such missions. I n  a nuclear rocket engine, a reactor heats 
Ld hydrogen (-420” F.) to thousands of degrees and the hydro- 

endous expansion through the rocket nozzle produces the 

1 :iroUb nh the extensive research and development conducted over 
lSt 11 years, the performance of the nuclear rocket has been *P 

*.* - oIljtrated, and the technological basis has been established for 
,*ding vith the development of a flight engine called NERVA 
!‘aclenr Engine for Rocket Vehicle ,4pplication) . 

significant achievements in the joint AEC/NASA nuclear 
+et program during 1967 were the continued development of graph- 
reactor and engine system technology and preliminary design and 
-Lm planning for a nuclear rocket flight engine development 
-,:ram. Complenienting this was an extensive program of supporting 
d r c h  and technology to : ( a )  enhance the performance capabilities 

~ xozzles, turbopumps, and control systems used in reactor and 
-?lie sjstem tests; ( 6 )  gain a better understanding of component 
-Ax in these systems; and ( e )  obtain basic radiation effects data 
- xterials. Work also continued on the basic problems of advanced 
I :ear rocket propulsion concepts. 
k preliminary phases of engine design and preliminary planning 
!reparation for the development of a 15,000-pound-thrust engine 

status mere completed during the year. This work showed that 
t?letion of preliminary flight rating tests for an engine based on 
-ymt A%Rl’A technology could be accomplished in 7 to 8 years. This - 
‘ttional Aeronautics and Space Administration. 

NUCLEAR 
ROCKET 
PROPULSION 
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REACTOR TECHNOLOGY= - 

Phoebus Tests 

In  February 1967, the PhoebLls-lB reactor T ~ S  tested at t]le suclez- 
Rocket Development Station (KRDS), in Kevada. The full poaa 
test of the Phoebus-1B  as conducted on’ Februnq 23, with the reactK2,: 
operating at, povrer lei-els approaching the 1.5OO-M~~-t. ctesigp rittie7 

The total operating time was approximately 46 minutes, vith 
minutes above 1,350 B4n-t. (Approximately 10 minutes of poxcr Opr- 

ation had been accuinuhted 2 weeks earlier during a reactor and ir.. 
strumentation calibration test.) The reactor performed as plame 
during startup end shutdown. An error introduced in the react2 
control circuits caused the reactor povi-er to decrease g r u h a l l ~  c I I I ~ ~ ~ ~  
the full-poKer run, but this did not prevent achievement of the m3je 

test objectives. Technically, the tests prored that resistnnce to fnL  
element corrosion was greatly enhanced ; structural design impraw 
ments to reduce the amount of structural bypass coolant flon proridd 
a substantial increase in specific inipulse ; and experiments to redm 
corrosion in the unf ueled perimeter area, and other iniproyed stm 
t u r d  components were successful. 

Concurrently with the Phoebus-1 reactor work, LASL began to &- 
s i p  and fabricate two large-diameter test reactors. The first of t h e  
reactors, n cold-flow assembly * called the Phoebus-2CF, 
during July and -t4iigust. More than a dozen test runs were made, 
good data were obtained depicting the behavior of the reactor F: 
facility. The tests : ( a )  mrified the structural and mechanical inteFy 
of the reactor design under hydrogen flow conditions; (6) Permitt’ 

* A “cold-flow” assembly cannot become radioactire since there is I10 uranium eSed &% 
core ; a “bot” reactor becomes radioactive during operation since it is Uranim-fu 
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tion of facility and reactor behavior under various reactor start- 
&$ 

onditions, such as those planned for the Phoebus-2S hot reactor; 
-. Terified iiistrunieiit at ion and control drum performance at the low 
,,per% ture colcl-floK conditions ; and ( d )  confirnled design analyses 

detailed measurement of reactor flow rates, temperatures, 
~ &J 

*rbe second test reactor, called the Phoebus-2A, is now being as- 
at NRDS. This reactor is a scale-up to approximately 5,000 

4 of the 1,000 to 1,500 megawatt Kiwi 3 /KRS 4/Phoebus-I reactor 
SjPIS. Reactor testing is currently scheduled to get undernay in the 

dquarter of 1968. 
3% ,a 

1 s  

* J pressures. 

Experiments 

~ *December 15, the sixth in the se,ries of KRX reactors, the NRX- 
-~: 88s tested at NRDS. The primary purpose of the test was to 
&$in additional data on reactor fuel element characteristics under 
ST- 

i" 

  rid-^ series of naclear rocket test reactors built by LASL, named for  the tailless. 
, cannot fly. The first Kiwi reactor tes t  was _+&athered bird in New Zealand which 

- r , t ~ ~ ~ S  - in July 1959. 
.q.-NERVA Reactor Experiment. 

x-. 

*K.? Reactors. The colorless hydrogen plume is barely visible in the above 
-=*we photo a t  7cft as the Phoebus-1B reactor operates at full power 
3February 1967. Dewar tanks a t  right hold the liquid hydrogen (-420" F.) 
?for the nuclear propulsion reactor experiment. Photo a t  ~i-ight was made 
'aared film and gives a moonlight effect to a mid-day "cold flow" (non- 
*%v@) test of the Phoebus-2CF reactor during July 1967 at the Nuclear 
eD@velopment Station in Nerada. The reactor has a coating of frost from 
4 i d  hydrogen. 

~ 4 9  

f 

'-72-6S-125 43 1 n 3 5 5 

f 
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Fuel Element Development 

A major development effort in the reactor technoloD Pronr 
c a m i  extend both the duration and temperature capabilitv of tile rk5re 

graphite comp0nent.s (fuel elements, etc.) . Corrosion of c OmWnrnb k7 the hydrogen propellant limits the duration of reactor operation a: a:, 
preciable powers. Recent improvements in the coating of thw t 

ponents have provided gratifying results. For example, f ucl elerne 
coated by the most current process consistently haw experienced 
corrosion in 60 minutes O f  Corrosion fUrnaCe &Sting than the apP3: 

corrosion shown by the fuel eleinents in the NRX-AS after 30 mini:., 
at full pover. The development of the process for  producing 

E:s 
ments represents the culmination of years of effort by many prct(?, 
participants, the principal being the Westinghouse Astron&lear ib* 
ratory, LASL, and the AEC's Y-12 Plant at Oak Ridge, Tern., opr 
ated by the Nuclear Division of the Union Carbide Corp. 

- 

ENGINE SYSTEM TECHNOLOGY,-, 
The remaining engine system technology goals will be accompli<j 

through ground experimental engine (XE) investigations in the r p ~  
Engine Test Stand No. 1 (ETS-1) at the NRDS. The Aerojet-Gcnrn' 
Corp., Sacramento, Calif., and Westinghouse Electric Corp. are I P ~ ~ G  

sible for this vork. The goals are to : ( a )  operate to engine perform=.- 
characteristics ; ( b )  gain experience in operating nuclear engine :: 
a down firing test stand (ETS-1) under siniulated altitude ~md: 
tions; and ( e )  gain experience in the remote maintenance of B r&- 
active nuclear engine assembly. 

Functionally, the design of the XE engine is similar to the *'Lm& 
board'? engine system (NRX/EST) tested in 196tLG The 

UP to the present, all teats h a r e  been conducted with hydrogen gases being errLk 
skyward; in the ETS-1 the "down-firing" tests will be conducted in tt norms:"'; 
(downward) position and  under conditions more closely simulating space flight. 

See P. 18% "Annual Report t o  Congress for 1966." 



JANUARY-DECEMBER 1 9  6 7 165 

I. Trollsported to Test Stand. The first ground experimental nuclear rocket 
E) assembly is shorn  above le f t ,  i n  “cold flow” configuration (XECF) 
being transported by the railroad-mounted “engine installation vehicle” 

:.,nine Test Stand No. 1 (ETS-1) at the Pl’uclear Rocket Deyelopment Station 
,zrada. The “cold flow” experimental engine is undergoing a series of tests 
. 4 to verify that the recently completed test stand is ready for  “hot” engine 

. inrestigate engine start-up under simulated altitude conditions ; and 
I.brcl;ing of operating procedures not previously demonstrated. Photo below 

rile XECF during i ts  late evening arrival a t  ETS-1. The large object at the 
: of photo is one-half of an aluminum cylindrical shield that  can be sealed 

the engine, forming an air-tight compartment, to facilitate testing in a 

-A* 

--.u3 t 

+ted space environment. (See also “Engine Test Stand No. 1” photo.) 
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diff ereiice between the two is in the physical arrangenie1lt 
ponents, which for the XE engine more closely approaches that Of torr,, 
flight confi,rruration. Assembly of the major conlponents of ti of 2 

called tlie XECF, is to  be used to T-erify that lCE3-1 is readS for blrlt,, 

le E[-,‘ XE engine, LZ co ld - f lo~  assenibly, has beell co111pleted. This enn. 

engine testing, and to inrestigate engine startup in the test sta 
siinulat ed altitude conditions. Other objectives include 
of operating procedures that have not been demonstrated in 
tests, and the investigation of engine maHknctions under Simulated 
conditions. Testing of the XECF is scheduled for the first quaQ, 
of 1968. 

“Hot” Tests in ETS-1 Start  in 1968 

I n  addition to the work on the XE Cold-Flov engine, work also coy, 
tinued on the assembly of the first “hot” ground experimental 
The testing of this engine is currently scheduled for the second 
of 1968. 

A11 ground experimental engine tests will be coliducted in tjip 
ETS-I. Each engine m-ill be fired downward into an exhaust duct wit. 
which it will be possible to siinulate high-altitude operation. The cfiF,- 

struction of ETS-1 has been completed and experimental plans aE 

now in progress to check the various facility subsystems. The first hcg 
XE engine is currently scheduled to be installed in the stand ic 
Rfarch, 1968. 

EemovaI of LZ radioactively “hot” engine froin ETS-1 -rill be accol:J. 
plished remotely through the use of a locomotive-driven “rnannej 
control car” and “engine installation vehicle.” These vehicles K ~ R  

checked out a t  KRDS during 1967 and are ready for operation, 
The maintenance, assembly, and disassembly of ground experiment3I 

engine d l  be accomplished in a building called E-MAD at  KEDS. 
This building was partially activated on June 8, 1967, and nil1 he 
ready to support engine testing in 1968. 

- g 
~ 

COMPONENT DEVELOPMENT z 
Each  reactor and engine system test that is conducted at hXDS 

the culmination of many concerted component development a c t k i ~ e -  
In addition, each test sen-es as a building block to advance the tuner.: 
state of the tecliiiolog~ and to prepare the way for the nest e ~ h e : ~ . ~  
of experiments. 

3 

Containing uranium fuel. 

LIigine Test S 
ACC,‘XdSA 1lUC 

aupleted ETS- 
.IrCttf~l)~ of photc 
:;on. The couditj 
and right)  arou: 
: an “upward E 

be installed in 
h m  ETS-1 W- 
”motive. 
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ajar component development work conducted during 1967 

1116 Jn tered on the nonnuclear components required to conduct the 
I cen 
. ,s-2A hot tests. The, two most important of these componellts 

f - 
e 
~ 

COlQ- 

Of 2 

fi Ps+ - lsb 

- w  Test S t a ~ d  KO. 1. All ground experimental engine tests for  the 
- X A S h  nuclear rocket propulsion program will be conducted in the recently 
-:wted ETS-1. Each engine will be fired downward into an exhaust duct 
-mi of photo) with which i t  will be possible to simulate high altitude opera- 
: The conditions will be simulated by locking the two curved shields (center 
Lnlht) around the experimental engine system. 9 1 1  prerious tests have been 

“Rp-irard firing” position. The first “hot” XE engine is currently scheduled 
-stalled in the stand in earl1 1NS. Removal of a radioactively “hot” engine 
2 mS-1 will be acTomplished through the use of a remote-controlled 
-3iotive. 
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mere the Aero jet-General regeneratirely-cooled nozzle for the 
bus-2 reactor and the Rocketdyne liquid hydrogen feed SSstcr,i l: 

the Test Cell Y?’ facility (see below). 

Nozzle Development 

The Phoebus-2 nozzle is similar in design to the U-tube nozzle 
~ 

principal structural material instead of stainless steel. Hmte~loi- t; 
is more suitable for the higher operating temperatures and + - %  

St&., 
of the Phoebus-2. The Phoebus nozzle also is larger and this req,.p5* 
the delrelopment and application of new fabricstion techiques l.- 

time for use on the Phoebus-2CF reactor, tested in JuJT, and ti 
Phoebus-2A reactor, scheduled for hot testing in early 19& 

react& 
program, Aerojet-General carried O U ~  75 mxmds of chemical te 
firing on a single Phoebus-2 nozzle during August 1967. Subsequent Ir 

these tests, a “margin” test firing was conducted in which the flow ng 

the minimum coolant flow that could be tolerated during a hot 
test. Both experiments were successful. 

for NRX-A reactor testing, except that HastellOY x is used ~~ *- tb 

1967, Phoebus-2 development nozzles  re successfully f &ricated .=. ~ 

In addition to the fabrication of nozzles for Phoebus-2 

coolant throughout the nozzle tubes was purposely reduced to  stahl;2i Ir 

Feed System Development 

The basic unit of the Rocketdpe,-developed propellant fk 
system (called the n’FS-3b) is the BiIK-25 turbopump. TKO units 33 

used in each system. For the hXX-A6 and Phoebus-1 series of 1 ~ 3 3 ~ ~  

tests, a single turbopump was used and the feed system was mp, i: 
what was called single-mode operation. For the Phoebus-2CF test. a:, - 
future tests of the Phoebus-2,4 reactor, two turbopumps are crtup1-i 
in a parallel arrangement (dual-mode operation) to providc :ip 
required flow rate. During the year, the propellant fuel system 
operated in both the single and dual modes, and tests run on the SF+*: 

ham demonstrated excellent performance. 

NERVA Engine Development 

The objective of the hTERVA development effort is to provide 
Nation with the capability for a broad program of space e~pl@Mti‘.~- 

*Cooled by the same liquid hydrogen propellant that  is later heated t o  Prorid’ ’y 
propulsive thrust. 

Rocketdyne Division, Canoga Park, Calif., of North  American Rockwell Gorp. 
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+@17A4 engine now in the preliminary design stage to provide 
’ bility will have a thrust level of approximately 75,000 pounds, 
. llde specific impulse in excess of 800 seconds, and will be 
ed using as much of the output of the XERVA technolorn pro- 

lop ossible. For  example, the refle$ctor design that was tested in 
11 be used after renioving sonie of the excess 

e components, many of the valves, lines, and 
from the technology program will be used after appropriate 

testing will be conductend at NRDS using the facilities 
est Cell “C” will be used for NERVA reactor testing. 

testing through the demonstration of Bight readiness 
Engine Test Stand Number-1 now being 

first power tests of the NERVA technology ground- 
ental engine. After the ground-experimental engine test pro- 

leted, the stand will be modified to support the NERVA 
readiness tests. These modifications will provide the 

or increased engine run time, higher propellant flow rates, 

,Wt 
= 

,,merits and qualification testing. 
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~ Srl-ernl years, the AEC has been developing special purpose 
’ 

Ower units for space and terrestrial (land and sea) applica- 
r information about other terrestrial nuclear power units, 

fer 5-Reactor Development and Technology.) The special- 
nd terrestrial units use heat from the decay of radioiwtopes, 

fissioning of uranium-235 in small nuclear reactors to make 
, * j C i p .  The isotopic spsteins can meet power requirements ranging 
_I fraction of a Katt up to about 10 kilowatts (10,000 watts) ; 
,t7xfer output from t-lie reactor units will range from a few kilo- 
.:; to several megawatts. 

SPECIALIZED 
NUCLEAR 
POWER UNITS 

?ACE ELECTRIC POWER 
--;ring the year, the AEC continued its program for developing 
resting nuclear electric povi-er units for space use, and developing 

Jily of long-lived reactor and isotopic systems which could supply 
l hout 50 kilou-atts of electricity in the late 1970’s. In  addition, 

l re js  is being made on technology improvements required for the 
Y missions of the more distant future and to make possible higher- 
:mture capability and more efficient power conrersion for safe, 
,!de, and economic performance while meeting expanding space 
*ric power needs. 

0 REACTORS FOR SPACE - 
a huclear reactor designated SNA4P l-108 was launched during 1965 
cs- -operated successfullp in orbit for 43 days before the reactor was 
N zdom by a fault,y commaiid within the spacecraft. An identical 

was operated on the ground in a simulated space environment 

W 

- 
$@-Systems for Nuclear Auxiliary Power. 

~ 
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SNAP-8 

Another nuclear reactor built by -Atomics Ihxnational, 
8, was operated for more than 10,000 hours producing more t 
at full power operating conditions than is required by tile 
system (5.1 million kn-11. /US 4.5 million kvh.) When the rc 
disassembled, cracks were found in the cladding of the 
The cracks apparently mere u m e d  bY s \ V e h g  of the fuel an 
the brittleness of the cladding. The fuel element design h a  been nr.a - 
fied. 

Fabrication of a second generation SN-4P-8 reactor n-ns uIlflc. 

It is to be used to  demonstrate automatic startup and extended It. 
operation at design conditions of 1,300" F. outlet temperature ar,-j c-z 

kilowatts, thermal ( k d . )  and to obtain data on lollg-term ia 
havior, reactor component performance and systems required f,,: .i 
velopment of improved reactors of this type. 

.L* Cy;.t r. 
*tal enp+_ 

during 1967. Power testing of this reactor system is especteci ir: . - s 
4 .  4 

t s 
Advanced Space Power Development 8 

More advanced reactor systems for use in space are being ?sari 
by the AEC. These reactors must meet the power needs of vprv  

lived missions which require hundreds and possibly thou 
mitts. TTO advanced concepts under development are a liquid 
cooled reactor, and a reactor containing a thermionic power coni 
system. Dei-elopment activity on a third advanced concept I:: ;': L 3 

centrated effort 011 the concepts which promise to be xpp1icu't)lP :* t 

wider power range. The liquid metal reactor test program bekr 
ducted a t  Lawence Radiation Laboratory, Livermore, uses a I 
sium Rankine cycle for power conversion, but may also prorid? :-+ 

- 
i 

z, - 
cooled reactor) is being closed out in order to  allov for n nmrr = 

C.? 
-1 d - 
t-3 
c3 

ISOT' 

wp-3 In Sev 

axlied into 0: 
5: the satellite; 
'<metry indica 

reduced POP 
0 
Irr, ' Rankine cycle power conversion is a method of converting heat to mechanim: 

using a two-phase (boiling and condensing) working fluid cycle. In space Piwp'  

the reactor coolant liquid takes heat from the reactor core and convers it t o  a h a t 4  
boiler where the liquid-metal in the Rankine loop is converted to vapor. Tbe rapr 
turbine, which is linked to an electric generator, and then passes through a radiat''& 
condenser There it b condensed back to  liquid which, in turn, is Pumped 

"- e# 
boiler. 
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coupling with other power conversion cycles in the 100 to 

a1 kilowatt range. During 1967, research on this program 
identification of reactor characteristics and development 

thermionic reactor research during 1967 mas directed 
toward the development of thermionic fuel elements with 

durance operation at emitter temperatures above 3 , O O O O  F. 
* en 
1. on the thermionic reactor is being conducted by Gulf General 

San Diego, Calif., by General Electric a t  Vallecitos, Calif., 

tiDd materials technolom. 

'S 

the I;os Alamos scientific Laboratmy. 

ISOTOPIC POWER SYSTEMS FOR SPACE 

- radioisotopes may be used for electric generators. The heat 
:*$IO 
be radioactive decay of the fuel is converted directly into 

by thermocouples' in close proximity to the fuel or, in a 
*dvanced concept, by an inert gas-driven turbine-alternator - =  

__ * 

In Seventh Year of Operation 

eqekotopic power system concept available for use in space sys- 
I ij a radioisotopic-thermoelectric generator (RTG) fueled with 

-lnnim-23S. This concept has been in active use since the first 
.p-3 power system was launched aboard a navigational satellite 
: $1. 
-z Juns 29,1967, the SNAP-3 unit celebrated its sixth anniversary 
. p h o n  in space. It has already operated I year beyond its 5- 

-,.design life, and is still in operation. By the end of 1967, the 
.?Is experimental navigational satellite powered by SNAP-3 had 
;ded about 35,000 times around the world, continuing to produce 
5 siggals. 

SA 

mssfu l  early-flight operations of SNAP-3 led to the SNAP-SA 
- m m  to develop a 25-watt RTG for operational satellites. 
:ao satellites with these SNAP-SA units on board were successfully 
zhed  into orbit in 1963. The generators provided all of the power 
-!he satellites, and although both satellites have ceased operations, 
zetry indicates that both poFer units are still capable of operating 
rfhced po-cer levels. The pl~t~onium-238 heat sources for the 

-SF Subjecting an emitter material to very high temperatures, electrons are boiled 
>;ltter and are collected on a collector surface. This flow of electrons is a flow O f  
-4. This generation of electricity takes place within the reactor core. 
'thermocouple is made up of two dissimilar metals joined together at both ends 
gdectrical circuit, producing a loop in which an electric current will flow when there 
' QBence in temperature between the two junctions. 

-4 
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#SNAP-5 in Scz;eutli 1-ear of Operation. Fueled with plutonium-2& tbe &S 

SNAP unit to be placed in orb i t -on  June 29, 1SGl-is still in oIWratim e 
than a year past its desigued life. The %pound, grapefruit-sized n u r l m  zz=Z 
provided the heat to  power two of the four transmitters aboard a X n v  c-qe 
mental navigational satellite. Intermittent signals are still being reteiwd fss 
the nuclear-powered transmitters. Photo shows a duplicate unit, 1: ss 
AEC's Mound Laboratory, whose isolopic-decay heat still makes it Itps 
hold without asbestos gloves. 
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Ower for Apollo Lunar Surface Experiments Packages 

ii‘* +* blf3 1 lists the SKAP isotopic power systems already orbiting or 
d for space use. Development of heat sources for these systems .ged 

>.‘$jbed in the “Isotopic l?uels Development” section of this 

I-*. . ;le P 

JPs 

h 
-t 

O f  
‘it 

i tr. 

I 

, 2Bp)5 for a period of 1 year after the astronauts return to earth. 

4 I‘- 

t TERRESTRIAL ISOTOPIC POWER SYSTEMS 

~ E C  has been actively pursuing the development of isotopic 
stems for terrestrial (land and sea) uses. T h e  initial effort 

,,,centrated upon the design and development of the first genera- 
*- 45AP-7 systems Which me strontium-90 for fuel. 

_ . -  L ;c 

::le 9UY-7  series consisted of six experimenhl units in a power 
of 7.5 watts to 60 watts for use in unattended remote eiiviro1l- 
The SNAP-7 units still in operation are shown in Table 2. 
SA4AP-7 program, which was successfully completed in 1966, 
trated the feasibility of developing long-lived isotopic polyer 

grpp ?o0~-20G, “Annun1 Report to  Congress for 19BF:’ 

--JY OwZer Test. The SSAP-19 radioisotope space electrical power system 
Xmbus-B weather satellite is shown ( r i g h t  center of photo) on the 

-.’lJn testing equipment a t  the Martin Co. in Baltimore, Md. The flight system 
~ *‘ of two 30-watt generators mounted end-to-end. The systenl will be fueled 

-tutonium for the scheduled launch in early 1968. 

-. 
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TABLE l.--SNAP ISOTOPIC POWER SYSTEMS FOR S P A C ~  

Designation Prime Electric Application 
(SNAP contractor power 

No.) (watts) 

2.7 Xarigational satellites ~ ~ 2 3 9  

(DOD). 
3 _ _ _ _ _ _ _ _ _ _  hiartin- 

Af arietta 
c o .  

5 Sears.-- 

5 Sears.-- 9A _ _ _ _ _ _ _ _ _  Martin- 
Marietta 
co. 

25 Navigational satel- Pua8 
lites (DOD). 

11 _ _ _ _ _ _ _ _ _  Martin- 
Marietta 
co. 

25 Moon probe (NASA)- Cm242 

19,- _ _ _ _ _ _ _  Martin- 
hfariet ta 
co .  

30 Nimbus-B weather Pu238 

satellite (NASA) 
(Launch scheduled 
for 196s. Use of 
2 SNAP-19 power 
units planned.) 

50 Apollo Lunar Sur- PU~B 
face Experiments 
Package (ALSEP) 

will provide power 
for experiments 
placed on the moon 
by early Apollo 
astronauts. 

200-1,OOO Possible manned POZ'O 
and unmanned 
space applications 
@OD) and 
(NASA). 

(NASA) SNAP-27 

27 _-___-___ General 
Electric 
co. 

&dear Powered 

To aid in the trl 
%+ that causes in 

29- _ _ _ _ _ _ _ _  Martin- 
Marietta 
c 0. 

TABLE 2.-TER 

emition Power 

.&; B.-- 60 watts.- c 
Radio- Not yet 

isotope selected. 
Brayton. 

5,500 hfanned space Pum 
missions. 

- ~~ 

1 See "Isotope Fuels Development" section of this chapter. 
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entified areas where significant technological ad- 

8; 
----- 

i:, 

nd SNAP-23 
&+2’ a 

@dt of the success of the SNAP-7 program, the AEC is de- 
econd generation of advanced isotopic power systems. 

1 progrw is aimed toward development of a series of 
d highly reliable isotopic power systems (10 to 20 watts) for 

Rnd ocean bottom applications. During 1967, the Minnesota 
hlanufacturing Co. (3M Co.) , St. Paul, Blinn., concentrated 
ct efforts upon the design and development of the IO-watt 

The lO-watt reference design will provide a basis of compo- 
s ~ ~ t e m s  performance testing for higher powered versions. A 

eloped that will be common for devices of 

is directed toward the development of highly 
terrestrial systems that will be economically 

at0 power sources. The systems contractor for 
;Pc2s is the Westinghouse Astronuclear Laboratory, Large, Pa., 
‘[ire 3M Co. is contractor for the power source. During 1967, major 

is in the SNAP-% program mas on the development, of highly 
segmented thermoelectric power conversion systems, and 

dization of components adaptable to a power range of from 25 

<@ 

&r Powered Cardiac Pacemakers 
!e* 

* t  
-;,aid ‘ 7  in the treatment of “heart block,” a relatively common dis- 
.-hat causes interruption of the normal stimulation of the heart- 

t .  

?%- 

TABLE 2.-TERRESTRIAL OPERATING ISOTOPIC POWER SYSTEM8 

Use Date of installation Status -e. ,&ion Power 
~~ 

- :EL.. 60 watts.- Offshore oil platform, Gulf August 1966 _ _ _ _ _ _  
-! 

of Mexico. 
t 

- -‘-Z-- 10 watts.- U.S. Navy weather station, February 1962 _ _ _ _  
Antarctica. 

X- 60 watts - G.S. Navy NOMAD January 1964----- 
weather station in center 
of Gulf of Mexico. 

-T.-- 7.5 watts. U.S. Navy acoustic beacon July 1964 ___-____- 
in Atlantic Ocean, off 
Bermuda, 15,SOO ft. deep. 

Performance stable in 
Chesapeake Bay light- 
house for 2 gears; then 
relocated to Gulf Oil Co.. 
platform, operation 
satisfactory. 

Operation satisfactory since 
installation. 

System successfully with- 
stood major hurricanes; 
performance is stable. 

System ‘operating 
satisfactorily. 
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SA7AP-2?' Test. Photo shon7s a technician loading a n  electric fuel capsule &a 
a SiYAP-2i generator prior to  life testing in a vacuum chamber. The plutoni- 
238 fueled BXAP-27 is scheduled ,to be left on the moon by the first US. ma@- 
uauts making a lunar landing. Through December 1, two engineering generatsf 
and one qualification generator have been on life test at  General Electric's 
Forge, Pa., space center. These tests, conducted in a vacuum chamber, 3 
simulated conditions on the lunar surface. I n  the longest of these tH& 
generator is still producing over 70 watts after 7,000 hours. Other tests 08 t&!z  
generators have included shock and vibration tests to simulate launch t&sW 

ments. !Ih-o additional generators have been delivered to  KASA for testing 

i 
a the Apollo Lunar Surface Experiments Packages (ALSEP) system. I 
= 

yqm--Fi)/ n cd h 
tffioisotope fie: 
mneral Electric 
a10 Lnboratori 

* wled inside 
the radioisotc 
the primary 

as both th 

f .  
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IEC is d e d o p i n g  a plutonium-fueled cardiac pacemaker. 
$r Materids and Equipment Corp. (Kb3IEC), Spollo Pa., 

contractor. The effort. to date, has resulted in an electrical 
rinciple mockup. The device consists of a plutonium-238 

ernloelect ric generat or  coupled wi tli the electronic circuitry 
ntional pacemakers. Since one of the major aims of this pro- 
to develop a device of v e r y  long life-a minimunl of 10 

Rjth high reliability, the design of the thermoelectric gellera- 
been kept simple and uses low temperature metallic tllermo- 

J m A R Y - D E C E M B E R  1 9 6 7 

W w c d  S I t  i p p i q /  C o n t a i n c ~ .  For  ground transportation of the SNAP-27 
Ntope heat source special shipping con taiiiers have been developed for 
a1 Electric's Missile and Space Division, Valley Forge, Pa., by the Columbus, 
hboratories of Battelle Xemorial Institute. The plutonium-23s heat source 
:d inside the container which is designed to keep the surface temperature 
radioisotope capsule below 553" F. A fluid-like bed of nickel spheres acts 
' Primary heat-transfer agent. A mixture of water and ethylene glycol 
3s both the secondary coolant and radiation shielding. 
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Cardiac Pacemu1cer. l , lUtrJr 
238 fueled thermoelectric gebemge 
coupled with conven tioual p:i<yEsak 
electronic circuits, is being dr 
for the AEC by XU,\IEC 
Pa. Iniplan ted ba tterx-powe 
makers are  used to stimulate 
tioiling hearts ; the Ionger-ljred f z  
clear-powered unit could redu- 5% 

need f o r  frequent surgical 
ment. Drawing, upper le f t ,  sbnm s~ 
major components of the mi=- 
pacemaker ; photo, a8ot.c r igk t  s&-=z 
the size of a prototrpe elttctm 
relation to a dime. Parts of B 
Laboratory encapsulated I W @ ~ ~  
338 heat source for the unit B 

at Ecft. The nuclear paccfllshrf =Zi 
generate electricity from 9 

theriiial watt of isotopic Pser -  
lar pulses of electricitS from * 
maker will shock a defwG'fe b S  
into a normal beating c F l k  

&pic Kilowaff 



JANUARY-DECEMBER 19 6 7 181 
the program will require fabrication of generators for in- 

jaboratory ghsswsre) and in-vivo (within the body) testing. 
edical profession now implants battery-poxered pacenia1;ers in 

art patients to  stimulate the pulsing action of a ninlfunction- 
gRrt. A long-lived nuclear pon-ered unit xould reduce the need for 

a1 replacement required by the short life of the chemical 
ational Heart Institute, Bethesda, l lc l . ,  a d  tlie Sewark, 
el Hospital are consultants on nieciical aspects of the 

lent of the nuclear-powered pacemaker bj- the AEC. 

oirofope Power System for Arfificial Heart 

fil+ms, -4erojet-General Corp., Snn R m o n ,  Calif. ; Donald W. 
Laboratories, Ricliland, TTTash. ; Therino Electron Engineer- 

Waltham, Mass. ; and Westingliouse Electric Co., Pitts- 
Pa., were selected to  conduct parallel design studies of an iso- 

ne” to power pumps which xould assist or replace functions 
&s&sed or damaged heart. It is anticipated that by 1970, about 

sons could die and 2,000,000 could develop serious disabili- 
5’ from some recog~iizable disease of the heart. Of the pa- 

ill succumb to heart disease, some 85,000 of those r h o  
ise die are deemed suitable for an implantable circula- 

%Gist device. I n  such a. device, the heat from the decay of the 
ould be used by a suitable thermodynamic converter to  
for the blood pnmp. Plut onium-238 and promethium- 

re attractire radioisotopes for this application because of their 
liielding requirements. Other components of the engine 
a lieat exchanger using blood as the cooling medium 

control system to r e p l a t e  the power output of the engine. The 
aonld supply a vari3ble power output between 1 and 7 watts 

i? connection with this project, two plutonium-238 fueled heat 
(15 and 25 thermal m-atts) were designed and fabricated by the 

Mound Laborat ory and provided to Thermo Electron Engineer- 
p., ~ ~ l i i c l i  is under contract to the National Heart Institute, 

eda, bld. The sources are being used in studies to determine the 
ity of lieat that, may be safely dissipated within the 
ted circulatory support system poir-er supply. 

pic Kilowatt Program 

1967, an eigineering design study m-as initiated to assess tlie needs 
topic powerplants in the 1 to 10 kilowatt power range. There is 

R;ng an-areness that large conipact isotopic plants could find ex- 
- 
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tended application for important programs! such as the sap?, 
in-the-Sea" program, widewater research laboratories, alld 
marine warfare activities. The study is examining the tIs 
strontium-90, and cerium-IG coupled with various pon-er 

ant i4.. 
e of cobal;; 

concepts. P r i m a q  responsibility for the study has been 
Oalz Ridge Xational Laboratory, with assistance from the 
River Lsboratorj. 

Thermal Conditioner for Aircraft Instruments 

The AEC's Pacific Kortlmest Laboratory, in cooperntion 
t;, Air Force, fabricated a 65-watt promethium-147 thermal sour@ to 

FEb 

er permits rapid response of the unit which otherwise T T O U ~ ~  take f%- 
30 minutes to 1 hour for temperature stabilization. The . 

i t  & 

vide heat for an aircraft inertial guidance measuring system. 

ground tested by the Air Force during 1961. 

ISOTOPE FUELS DEVELOPMENT - 
The thermal energy generated as radioisotopes decay can be Kml 

directly in situations where supplementary heating is required or it b- 
be converted to meclianical energy by appropriate mems. HoKPrr: 

life, heat potenltial, chemical form stability-of each specific radirF 
isotope are such that the isotopic fuel source must be ''tailored!' fii: 

its intended use. Thus, thorough development and test efforts am 
quired to establish the characteristics and behavior of the various k+ 
topic fuel forms in their intended environments. This is necesq b 
meet the stringent operational and safety requirements imposed 
these devices when used as sources of heat or for power conversion. 

the characteristics-for example, the types of radiation given off, half- -= - 

Isotopic Heat Source for Brayton-Cycle System 

NASA has requested the ,4EC to develop a large heat source S U ~  

able for operation with a Brayton-cycle power conversion @ern f c ~  
a ground demonstration in mid-1971. T o  meet this request, -4tomk 
International was selected, through competition, to derelop a b* 
temperature (2?OOOo F.) fuel capsule technology. I n  addition to  
fuel capsule development, which began in July 1967, a p1utoniur;r- 
238 heat source subsystem design and development program -rill be 
W e d  in 1968. These efforts could lead to a power svstem for SP" 
application in the mid-1970's. Development of the heai source for f? 
system, which will consist of high temperature fuel capsules inte_cmtP;: 
into a flight package that meets aerospace nuclear safety criteria is' 

. *  

c j  isotope th:i t 
$e sactor pro.1 
datively large 
grer. Another 
Between dischar 
k a t  sources. 

Curium-244 

Curium-244 1 
specific thermal 
wailability of 
'hracteristics n 
Boaever, the ne 
%ht than 0th 
@onium-210. ( 
i--%mrce and 5 
During 1967, 

and Sav: 
& ~ C S  of c u r i w  
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d will be fully coordinated with, the *4EC’s overall high- 
r,lture fuel source development program. Scheduled delivery date 

JANUARY-DECEMBER 19 6 7 

-l;wt. heat source subsystem to NA4S14 is July 1911. 

Laboratory is developing polonium-210 as a heat source 
ted duration missions that demand a high “specihc power” 
1 power per unit volume or weight) and a minimum of shield- 
e earth-polonium compounds that remain stable under vacuum 
atmosphere environments are being studied at Mound and 

est laboratories. These compounds offer considerable 
e for short missions (several months). This effort is focused 

lop and provide a polonium-210 fuel form for 
it developed by the Martin-Marietta Co. Because of 

&mica1 instability of available fuel compounds, a concentrated 
is king made at Mound Laboratory to develop a fuel which will 

the possibility of exposing the isotope to atmospheric 

ing the capability for production, separation, 
of the polonium metal-the starting material for 
nder investigation-are under study at both the 

ah River laboratories. Process improvements are 
reduce the estimated costs for providing the quantities of 
that would be required for heat sources. Improvements in 
production of polonium-210, which is made by irradiating 

y large amounts of bismuth, have been made at Savannah 
s to reduce cost is by decreasing the time lapse 
m the production reactors and delivery of the 

ium-244 has the attractive combination of a reasonably high 
, a relatively long operational life, and the 
lly and chemically stable compound. These 
irable for application in isotopic power fuels. 

Fer, the neutron radiation of curium-244 does require more shield 
other alpha fuels under development-plutonium-238 and 

~m-210. (See also “Curium-244 Production” section in Chapter 
m e  and Special Kuclear Materials.) 

196’7, efforts were continued at Oak Ridge National Labor- 
and Savannah River Laboratory to determine the character- 
of curium-244 fuel forms, including the study of compatibility 
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with encapsulating materials U p  to  2,000" C. Fuel forllls I 
prepared a t  Oak Xidge and partially characterized tc, 
physical, radiation, and other properties ; and capsule rl,,sklrv 
metho& and designs are under investigation. 

velopnient a t  Oak Eidge Kational Laborntory allc~ 
River Laboratory. 

JIetliods for encapsulating curium fuel forms are :Ilsc) , ~ ~ , , ~ ~ * ~  
= 

Plutonium-238 

During 1967, there was continued development of the metal 
and oxide of plutonium-238 (8'7.5 years half-life) for use in mdl 
topic porer  units. Process dewJopmellt of plutonium dioxide Tt 

spheres a t  the Mound and Oak Ridge laboratories was O l l e  Qf 

of research. Desirable properties of this material are relative el, 
and biological inertness, high melting point, thermal, &micsf, 
radiation stability, and ease of handling. Using the oxide fuel 
heat sources were fabricated for seiTeral generator systems a 
evaluation in the fuel technology program. 

jb _- - 

During 1967, the DART (Decomposed Ammonia &di0bt,, 

craft in space, was designed, fueled, and demonstrated sLlWsp aF 
in a simulated space environment. The DART was designed and fk 
ricated by TrLW Systems, Redoiido Beach, Calif., and demonst 
at the AIound Laboratory. Mound also fabricated heat SolirCeS fu 
SNAP-19, which is the power supply of a Nimbus weather sat 
and the SKAP-27, the power system of the Apollo Lunar surfam= 
periment package (,4LSEP). 

&I a1ternat.iue method to improve the economics and ctticietlq 
processing the plutonium-238 oxide fuel to meet future demxnk ms 
developed by the Oak Ridge Kational Laboratory and a pilot p 
demonstration of the new processes was initiated in the fall of 1 

Thruster) microthruster, a propulsion device for  positioliiiig a SM% I- 

blound 1,abOratory has developed a nietliod for reduciiig thc BPU:FZ 

radiation, and this will be tested on a pilot-plant, scale in late 19f% 
Consistent +th the requirements of more efficient a id  cleniali& 

conversion systems, studies of new fuel f orins, materials, and me&* 
of containment, compatible with the required increased t e 1 1 1 ] ~ ~ ~ t ~ ~  

have been initiated a t  Battelle Memorial Institute, Columbus. 02s 
and 3Iound Laboratory. 

Promethium-147 
P 4% 

Capsule technology for samarium oxide, a nonradioactire sta- 
for prometl~ium-147 has been developed up to 1,100" C. and pen 

- 
~ 

g-r Heater for D 
-loped by the BE( 
aq for deep-sea t c  
$ d e r  is pumped th 
sma at Eeft, worn u 
Bs heater is attachec 
h to perform norm. 
SCTW lower tempera 
@dmut 4.5' I?. and f c  

could serve pilot 
* a t  the Kava1 31 
fwed by P i a v  aqu 

Of southern Calit 
mghiC and marine b, 

a c e  tests. 
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bee11 measured for 4,000 hours. Capsules loaclecl Kith sa- 
xere installed in furnaces a t  Pacific Xoi-khwest Labora- 

to 2-year exposures a t  1,100" C. to establish fuel capsule 
ibility. This isotope is being investigated for the artificial heart 

also has potential application in SSAP units. 
att (thermal) pronietlliunl oxide ( Pin202) heat soiirce vas 

t Pacific Korthwest Laboratory and tested at  3Iounci Lab- 
in a joint AEC-NASA microthrust er clerelopment program. 

r Plant has performed a tliuliunl-l7O productioa 
ind prepared B materials property report related to this test. The 

:-:far Heater j o r  Diving Suits. An isotopic-power swimsuit heater for divers, 
ped by the AEC's Mound Laboratorx, has been turned over to the U.S. 

.T for deep-sea testing. Water heated by plutonium-238 in  a n  aluminum 
,der is pumped through small plastic tubes intern-oven into the net garment, 

at left, n-orn underneath the diver's rubber "wet suit" as shown at right. 
heater is attached outside the suit. Radiation is sufficiently low to allow the 
I to perform normal work assignments without hazard. The heater, adaptable 

.Ten lower temperatures, is presently designed for  use in water temperatures 
h u t  48" F. and for ocean bottom depths of up t o  600 feet. Similarly heated 

could serre pilots, astronauts, and  Arctic researchers. After preliminary 
at the Kava1 31edical Research Institute, Bethesda, Md., the device will 

*Med by Xary aquanauts assigned to Sealab I11 at the ocean bottom off the 
-.: Of southern California performing experimental salvage techniques, ocean- 

7 h i C  and marine biological research, and  a series of phpiological and human 
euinnanee tests. 
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Cobalt -60 

During the year, efforts were directed by Savannah River Lbx- 
tory toward definition of maximum operating temperatures far e= 
capsulated inetallic cobalt-60 ( Go60) sources. Up to 850" C.? it t i p v  
that "Inconel?' 600 (a nickel, chromium iron alloy) is the best 5- 

tainment material based on diffusion, oxidation, and fabrication BE- 
siderations. Satisfactory results r e re  demonstrated for stable eohska 
encapsulated with "Inconel" 600, held for 5,000 hours at 8%" 

= ZEZ -* 

E 3  . 

watt-level heat source for terrestrial uses. 
1.000 hours a t  l ,OOOo C. Cobalt-60 has potential application x - 

Str on tiu m-90 

4* 

The most widely used fuel for terrestrial power systems %* 

tiurn-90. It probably will continue to be because of its Ion, rr b€f- 
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ble povi-er density, and ready availability as a fission product 

directly from all power reactor operations in the civilian 
@ram. Being a beta emitter, strontium-90 uses for industrial 
processes are limited to those of low penetrability. 

tinuillg program at Oak E d g e  Xational Laboratory is directed 
obtaining additional long-term information relating to com- 
roperties and encapsulation techniques that are needed for 

use in isotopic power applications. These properties include 
conductivity, solubility, compatibility with potential encap- 
materials, dimensional stability, and mechanical strengtli. 

inm-90 long-range environmental safety testing program 
itiated with the Naval Radiological Defense Laboratory, 
co, Calif., to test fuels, fuel capsules, and system compo- 
rogram includes sea environmental exposure tests as well 
tests and analyses. 



ISOTOPIC 
RADIATION 
APPLICATIONS 

,@oisOtBpes, in addition to their use as a source of heat for con- 
on to  power, are making a substantial contribution to the public 
t through the AEC’s isotopes development program. Applica- 
for uses of isotopic radiation are being developed that range 
food processing to tracing air and water pollutants. (This chap- 
& only with applications involving use of radiations from 

opes; uses of isotopic hest are included in Chapter 9-Specialized 
r Power Units.) 

~ - - 
2 

he result of a previous study of the relative costs and economic 
ts of food irradiation, the AEC decided that East Coast fish, 

miian papayas, and mangoes were products that should be 
hasized in the AEC food irradiation program. Two additional 
dies, initiated in 1967, are designed to determine which of a limited 
up of other food products should be carried to the point of com- 

sialization by the AEC food irradiation program. 

TECHNOLOGY AND DEVELOPMENT 

k’rogress has been made in the application of radiation to fresh 
ood. Efforts hare been directed primarily to gathering additional 

support Food and Drug Administration (FDA) requirements 
the FDA can grant approval for public consumption of ir- 
d East Coast fish fillets. An AEC petition (request) for such 
a1 is pending before FDA. 
Hawaiian papaya presently is placed under the United States 

d -  -7dment of Agriculture Plant Quarantine Law and must be 
= -  - -  
I ‘*ep. 2%, “Annual Report t o  Congress for  1966.” 

189 
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I rradia tor  o n  n 'a t ion-Tide  Tour.  A portable, trailer-mounted food bradink 
loaded and  tested a t  Broolihayen Sational Laboratory began a "-year demon.tm 
tion tour of the Sation during mid-lbGT to demonstrate the benefits and c o w  
cia1 potential of food preservation by irradiation. The entire irradiator, w)& 
has a 170.000-curie source of cesiuni-137, weighs 1s tons. The trailer i. z 
feet long and S feet wide, and is built of aluminum and steel. Photo abortsbm; 
the irradiator inside the r a n  as i t  was being tested a t  Brookhaven. Photo btbr 
shows the unit parlced in front of the Federal Office Building in Richland, K'r4 

@d;ation Facilit 

Ten irradiator 
giflb u cobalt-60 ( 
5CJD sourcea re  1 - 
:me basic Unit of m 

Irradiation D 4 

*-mounted, cesi 
@&ton, Mass., du 
keeber, the irradia 
ah October it  n-a 
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ally fumigated before being brought into the continental U.S. 
the product of the Hawaiian fruit fly infestation. Lom-dose 

t (25,000 rads) of this product Kill effectively 
d Higher doses (75,000 rads) provide eflective 

-life extension of about 1 week plus disinfest,ztion. At the present 
rnlirnina~y test shipnients from Hawaii to the mainland by air 
are being carried out to demonstrate the beneficial effects of 

ation process prior to large-scale demonstration shipments. 

irradiators in support of the food irradiation program-nine 
balt-60 ( GoGo) and one using cesium-137 ( CsI3?) as the radia- 

source-are now in full operation, and are categorized in Table l. 

nit of measurement of absorbed ionizing radiation. 

rradiation Demonstrations. The first demonstration stop for the U C ’ s  
unted, cesium-13i food irradiator in its 2-year, nation-wide tour was at  
Mass., during the August tomato-harvesting. During September and 

he irradiator was demonstrated in Pennsylrania and North Dakota, 
ober i t  was used to demonstrate the use of radiation for  disinfestation 
and r h e a t  flour and sprout inhibition in potatoes during its visit to 
lla and the “tri-cities area’’ of Richland, Pasco, and Kennewick in 
n. Sacks of irradiated potatoes were distributed free at the demon- 

S along with a card on which the recipient was to mail in his opinion 
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Type Irradiator Description Location 

---% Research 

Research (4) _ _ _ _ _ _ _ _ _ _ _ _ -  30,000-40,OO%CUrie COeo, Inst. of Tech----- On-site research. 
pool-type unit. U. of Calif. (Davis). 

C. of Kashington. 
U. of Flonda. 
Seattle, Wash - - -_--____ Irradiation 

at sea 
On-ship #3 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _  36,OOO-curie Co6O, 16-ton 

Portable cesium #I------- 170,MX)-curie Cs137, 18-ton Various industry Demonstration fo 
portable unit. 

portable unit. tions. Use by hdutQ, *e 
Pilot Plant 

Marine products develop- 250,000-curie C O ~ ~ ,  1,ooO 
ment irradiator Ib./hr. a t  pasteurizing 
(MPDI). dose. 

100,000-curie CoSO, 1,ooO 
(MGI). Ib./hr. at pasteurizing 

Gloucester, Mass- - - - -- - Seafood kra-& 

Davis, Calif __-----__--_ Fruit irradiation. 

Savannah, Ga---------- Grain produck dis;e 

Mobile gamma irradiator 

dose. 
Grain products irradiator 25,000-curie Coao, 5,000 

(GPI). Ib./hr. bulk or 2,800 Ib./hr. festation. 

Hawaii development z 2 5 , ~ u r i e  Corn, 4,000 lb./ Honolulu, H ~ d i - - - - - -  T r o p i a  fruits 
packaged. 

hr. at pasteurizing dose. irradiator (HDI). 

1 Bee Table 2 for units #1 and #2. 

Meat Irradiator Project 

The AEC, in cooperation with the Department of the Amy and t~ 
Department of Commerce, initiated a pilot plant meat irradiator pmj. 
ect in July. A contract was signed with Irradiated Foods, hL 
(IRRADCO) , of Allentown, Pa. The company, jointly owned 
Teledyne, Inc. ; Liggett and Myers Tobacco Co. ; The Martin U a i &  
Corp.; and Uniroyal, Inc., mas selected from among 10 prop& 
receirecl in response to an S E C  solicitation Khich had been sent tn 

over 200 companies. Under the terms of the contract, IRRA4DC0 KB 
design, construct and operate a facility in Allentown capable of 
radiation processing 3 million pounds of product a year a.t sterilkiq 
doses (5 million rads). IRRADC0,s expenditures are estimated 
$1,000,000. The AEC will provide $185,000 for the purchase of II 
400,000-curie cobalt-60 source. The Department of Defense has a , d  
to purchase 300,000 pounds of meat amual l r  for the first 3 yeas ef 
operation. Construction of the plant would :allow FDA clearan@ 
the Department of the Army’s pending petition for aP1iro’al of ir- 
radiated ham for public consumption. 

I n  addition to tlie planned comniercialization efforts for food+- 
initially ham, following FDA clearance-IRRA4DC0 also € 

strong interest in tlie development and marketing of irradiated P 
foods. 

For nearly 
&e various k 
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peration With Foreign Countries 

AEC lrns also initiated a program of irradiator support to 
countries conducting substantive food irradiation research 
One of the program’s products will be technical information 

t, to the SEC‘s KO&. More than 50 countries now have active 
s in food irradiation, and 20 others have research plans in 

ess. Irradiators are on loan, or projected for loan, to the coun- 
icatecl in Table 2. Generally, the initial loan is for a 1- to 2- 

TABLE 2.--IRRADIATORS O N  LOAN T O  OTHER COUNTRIES 

Country Date of loan Products 

_________- - -___ -_  Israel _ _ _ _ _ - - _ - _ _ _ _ _ _ -  March 1966 _ _ _ _ _ _ _ _ _ _ _  Citrus. 

__________- -_ -_  Iceland _ _ _ _ _ _ _ _ _ - _ _ _ _ _  April 1968 ._-_________ Fish. 
Chile ._.._____________ June 1968 _ _ _ _ _ _ _ _ _ _ _ _ _  Potatoes, fish. 

#2 ____- -_-_  Argentina -_ -_ -_____- -  Spring 1968 ___-_--__-_ Bovine blood, fruit, fish. 
#3 .______-_ India .________________ Spring 1968 _ _ _ _ _ _ _ _ _ _ _  Wheat products. 

_ _ _ _ _ _ _ _ _ _ _ _ _  - ----_ Pakistan _ _ _ _ _ _ _ _ _ _ _ _ _  Spring 1968 _ _ _ _ _ _ _ _ _ _  Wheat products. 

/ 

q_- -- I*rrly on U.S. Department of the Interior trawler Delaware, based in Gloucester, Mass. s-  

TOPIC SYSTEMS 
3 

nearly 25 years, industry and science have taken advantage of 
ous kinds of radiation-alpha, beta, and gamma-given off 
isotopes. Hundreds of different applications have resulted. 

eric Sulfur Pollution Analysis 

ect has begun a t  Brookhaven National Laboratory employing 
topes of sulfur to study the source, quantities, and meteoro- 

distribution of sulfur dioxide emitted to the atmosphere from 
of fossil-fuel-burning plants in metropolitan areas. The ap- 

based on measuring the ratio of the sulfur-32 and sulfur-34 
in saiiiples of sulfur dioxide collected under varying condi- 
ly results from the project have demonstrated the technical 
of the proposed air sampling and analytical procedures 

for these ratio measurements. 

I:st**d * -hagterm project with the U.S. Forest Service, Berkeley, Calif., 
- ~ -%%tion with its snow-water management control system, has led 
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to the development of a nuclear gauge that Permits the study o f .  

TWO related subtasks concern : (a )  exploring and eva]untinh 
of chemicals such as hesadecanol and octadecanol as a means 
tarding eraporation of water from sllowpacks-estimated 
2 million acre-feet annually in California‘s Sierra Kevada ~ ~ o u n t : ,  
alone; and ( b )  isotope tagging of the water absorbed 
trees in the g o w t h  process. In  the first project, isotop 
the chemical showed that evaporation could be reduced 
through a single application by airplane of chemicals each Snoa 

son. In the second project, it found that trees use comideMk ~~ 

quantities of ground water eyen when the ground is co\-cred - 

snow in the winter. w- 

na1 snowpack conditions. Q t”c 

littoral (Sand) Drift 

Significant progress has been made in the development of a SF%= 
for tracing littoral drift (shifting of coastal sand) with radiok0trjl, 
Five Federal agencies-AEC, KA4SA, Department of the -kmV ik- 
of California’s Department of Water Resources are Cmpepatir ~ 

this project. Sand grains were tagged with xenon-133 ~ f ~ ~ ~ ~ : , ~ ~  

partment of t.he Navy, Department of the Air Force-and the * I  

L de- 

- 5  

Tracing Littoral Dri f t .  An amphibious vehicle is used to tow a 300-potmd E- 
coated ball from the beach through the surf zone into deeper water fc * 
SurYeSing of sediment transport caused by littoral drift. The ball rnnmim %SF 

cesium-iodide scintillation crystals, plus back-up electronics, to record the 
2nd 80-kev. photopeaks of the xenon-133 isotopic trace material contaiad ft 
deposited test sand. Also contained in the ball a r e  temperature semm 
phone, and a revolution meter. The detector is towed over a grid pattern, U--’‘= 
tion Of the senon-133 radioactivity can be plotted from the mdiaG4e 
recorded aboard the tow vehicle. Five Federal agencies and the Stat 
fOrnia are sponsoring the study a t  a beach site north of Santa Ea* 
Information obtained from the study may help in reducing beach e 

Ak significanl 
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Conception, Calif., at an approximate 30-foot depth off- 
submerged bd1 containing radiation detectors was subse- 

toqed by an amphibious vehicle through the area and 
d the dispersion of the sand nith time. This de- 

be particularly useful in harbor siting and in 
for breakwaters to halt beach erosion. 

by the AEC in close cooperation with ap- 
e law enforcement agencies, has resulted in the development 
metrics, Inc., Waltham, Mass., of 3 radioiso~ope-excited X-ray 

cence analysis technique for detection at -the-scene-of -the-crime 
aterials such as mood, steel, and aluminum. The 

a rays from a curium-242 source are used to excite X-rays in the 
idues near suspect bullet holes. Heretofore, the material con- 
8 suspected bullet hole was removed and taken t.o a crime 

rmation that lead residue was present. 

isotope achievement during 196’7 was the success- 
topic lunar analyzer on the moon. A small elec- 
n g  approximately 5 pounds, developed at  the 

-iTersity of Chicago for NASA, was lowered from the Surveyors V 
spacecrafts in September and November, respectively, to deter- 

zBe the chemical elements present on the moon. Alpha particles were 
surface. The energy of the rebounding alpha 
cl to the elements present. The adoption of 

all neutron generator for making precise chemical determina- 
on the surface of the moon or other planets is also being investi- 
.Neutrons are used to bombard the various elements present. The 

analyzing the gamma rays they give off 
being irradiated with neutrons. The adaptation of radioisotopes 

a large extent due to the creative imagina- 
C. Aebersold, former Director of the AEC’s 

ion of Isotopes Development. 

and Fuel Gauging 

hprogram, undertaken by the AEC in cooperation with the Air 
development by General Nucleonics Corp., 

Rmont, Calif., of a krypton-85 continuous oil gauging system 

284-472-68-16 b I 0 :i 6 3 



Lunar Actiration Analysis  Probe. Two nuclear probes were placed On the E-S 
during 1967 a s  a part of the XASA studies t o  determine the mineral rwl"''-" 
of the moon's surface. The alpha-particle probes reached the moon i U  

and Xovember aboard the Surveyors V and VI spacecrafts. Photo 
late Dr. Paul Aebersold, former Director of the AEC's Division Of 

Development explaining the operation of a lunar analyzer concept based "' 
activation analxsis at a San Diego, Calif., exhibit. 

Technolo 

During 196'7 
jwarbon corn 
wtions. Broo 
& for the de 

(million 
m t i o n  from 
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vides accurate readings over a large range of attitude, alti- 
acceleration, and is not hindered in its operation by oil 

T11e gauge-which has already been credited with prevent- 
t one aircraft accident-is currently in productioll for the 
is also being considered for use on the C-5L4 aircraft. 

pcket propellant gauge, which will operate with less than 0.4 
error under zero-gravity conditions, was also desigled and 
1 1 ~  tested by TRTV Systems, Inc., Redondo Beach, Calif. 
e operates by correlating the radioactive density of krypton- 
apandable bladder, contained xithin the fuel tankage, x i th  

PROCESS RADIATION 

$tion processing is the production or processing of chemicals 
krials using ionizing radiation as a source of e n e r g  to pro- 

1, physical, or biological change. 

ajor emphasis was given to plastics and related hy- 
nds and the use of radiation to assist in chemical 

ional Laboratory continues to be the major 
of engineering technology involving very 

;e) radiation sources and has recently shifted its 
on from cobalt-60 to cesiu-137. 

~ - 
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I THE 
I - -  -- 

PLOWSHARE 
PROGRAM 

u 1967, Plowshare program dctivities brought advances in 
t&~logy needed to use nuclear explosions in underground en- 

@ excavation, and related research areas. A significant mile- 
was reached with Project Gasbuggy, the first Government-in- 
experiment to adapt an underground nuclear esplosion to an 

ais1 purpose. The experiment tested the use of a contained det- 
* 7 ,_ - ,C l -nR1 ~~~ rrm~,,ction in ~ low-produc~g 

== MIERGROUND ENGINEERING 
tfnen a nuclear explosion occurs underground at  a sufficient depth it 

+@, in most types of rocks, a column-shaped area of broken 
alled a “chimney.” These chimneys, and the surrounding frac- 
areas, are potentially useful for the subsequent in-place re- 

sen of natural resources or for storage. The dimensions of the 
ey are dependent upon the energy and depth of the explosion. 

0 
~ 

3 
f 
- 
- - 

NATURAL GAS STIMULATION - - - - 
s 3  - 

d e a r  explosions appear to offer an effective and economic means 
inging a greater number of gas fields into commercial production. 

1 experiments are planned to determine d ie ther  nuclear f ractur- 
can increase gas production sufficiently to make this technique 

&December IO, 1967, a nuclear explosive was detonated 4,240 feet 
ath the surface in the San Juan Basin, about 55 miles east of 5 0  IO388 199 
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Farmington, N. hlex. The explosion was part of Project G ~ ~ ~ ~ ,  mp 
joint experiment of the ,4EC, the El Paso Xttural Gas c0 
Department of the Interior. The h-mence Radiatio 
Livermore, (LRL-L) provided technical direction of 
the AEC. 

The objectives of the Gasbuggy experiment arel: ( a )  to 
changes in gas production and recovev rates ; ( b )  to gather 

tX1ty.F 
b g  howledge of the use of nuclear explosions for gas stirnulari *- 

r& e 

(e) to determine gas quality with regard to radioactivity and O ehl,= 
ate various purification techniques; and (4 to  refine tIxe C"pab$tT 

to predict the effect of ground motion on gas field equipment and mk 
structures. 

Preliminary evaluations of the data from the Gasbuggy detanati,: 
indicate that the explosive performed as expected, with a yield a: 
about 20 to 30 kilotons (the equivalent of 20,000 to 30,000 to% pl 
TNT) . There was no measured release of radioactivity from the e,: 
high pressure did seep up througlx the insulation of the dom-ha 
electronic cables which required the cutting and sealing of the 
The ground motion from the explosion was felt in Duke, x* jG 
15 miles from the site and in other surrounding communities, 

The degree of success of the primary objective of the experimentg 
the change in production and the increase in ultimate recovery of 
as a result of the explosion-will not be known for some time. pdE* 
tion testing will begin about mid-1968 after the radioactive iodine-1:; 
has decayed. The testing will continne for several months.' 

- _ =  

. 

sion although detectable amounts of some radioactive gas= mfk 

Dragon Trail Experiment Proposa! 

,4n experiment complementing Gasbug= has been proposed to tfg 
AEC by the Continental Oil (3. (CONOCO) , Houston, Tes., together 
Kith CER Geonuclear Corp. (CER), Las Vegas, Kev.2 As currenfi? 
conceived, the experiment, named Dragon Trail in the proposalt 

Drillinq into the detonation site began within hours after the explosion a& 
Januarr 10, 1968, the drills penetrated the zone of broken rock formed in the nstank 
bearing sanddstone formation. The reentry drilling indicates a chimner top Bt  3.90: fm 
below the snrface-333 feet above the detonation point. (formerly m m  
Germeshausen and Grier, Inc.) ; and Reynolds Electric Co.-formed CER &on- 
Corp. to  provide a c?mplete "Plowshare Service" to interested firms. See P. 37. ultm 
Report to Congress for 1965." On October 11, 1967, Lockheed Nissiles and a= 
division of the Lockheed Aircraft Corp.) Sunnyvale, Calif., announced i t  was ". - - P e  
to participate nctirelr in all aspects of the nuclear explosives application field. - . 

In 1965, three firms-the Continental Oil Co. ; EG&G, Inc. 
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detonation of a 26-kt. nuclear explosive 2,700 feet underground 
in pIio Blanc0 Counts-, about 50 miles north of Grand Junction, 
bstantisl field work has been accomplished by COXOCO and 

to document the pre-shot production characteristics. 

Project Gasbuggy. Photo above shows 
the Project Gasbuggy site in Xem 
Rlesico where the first AEC-industry 
Plowshare Program (peaceful uses of 
nuclear explosions) experiment took 
place on December 10. Prior to  the ex- 
periment, a technical symposium on 
Project Gasbuggy was held in Farm- 
iugton, s. Mex., 55 miles west of the 
site on September 19. About 550 mem- 
bers of the scientific and industrial 
community and the news media at- 
tended. International interest n-as 
evidenced by attendance of representa- 
tives from Argentina, Australia, Bra- 
zil, Canada, France, India, Italy, 
Israel, Japan, Rlexico, The Xether- 
lands, Panama, United Kingdom, 
Yenezuela, Euratom, and the Interna- 
tional Atomic Energy Agency (IAEA) . 
On September 20, the day following 

fuposium, nany of the attendees toured the Gasbuggy site. Photo at 
them Tien-ing the emplacement hole drilling operation. 

? f. :< r:, [I 



202 THE PLOWSHARE PROGRLV 
- 

Rulison Proposal 

UNDERGROUND GAS STORAGE 

Ketch Gas Storage Proposal 

A feasibility study, ~ l i i c h  examined the use of a nuclear-esplmiiss- 
created chimney to store natural gas, was completed in mid-l%;. 11 

prepared jointly by the Columbia Gas System Service Corp., sm 
Torlr Cits;  the AEC; and the U.S. Department of the I~itt.rjor'_. 
Bureau of Mines. 

On August 2.8, Columbia Gas System made a formal propmd to 
AEC for  a joint gover~~nient-jlldustrS' project, named Ketch. 3 % ~  
proposd calls for  the detonation of a 84%. nuclear esplosire 9 

depth of 3,000 feet in a thick, impermeable shale formation st a &E 

12 miles southwest of Renovo, Pa. It is estimated khat the 
tion woiilci create a rubble-filled chimney which would store about &3 
million eubic feet of natural gas under high pressure. 

The BEC's technical participation in Plowshare Program feasibility studies are cent& 
priiiiaril3- in tlic San Francisco Operations Office and Lawrence Radiation Labhmre7 
Lirerrnore. 
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,3iRlneY” Studies. To extend the knowledge of chimney development and char- 
sristic~ necessary for fully developing underground engineering technology, 
.,yBton work is underway on a chimney formed as a result of the Pile Driver 

@( a 60-kt. nuclear weapons effects test conducted in  196G at  a depth of 1,500 &I. 
granite at the Nevada Test Site. During 1967, a hole was drilled from the 
to the t@p of the chimney which was about 900 feet above the detonation 

&L Subsequent pressurization of the chimney indicated a total void volume of 
at 13 million cubic feet and an  average chimney radius of 160 feet. Later, a 
s e l ,  shown above, was dug to intercept the wall of the chimney about 100 feet 

the detonation point. Photo below shows the boundary between the chim- 
Faall and the chimney rubble. Work to further define the geometry of the 
d e r  may be continued in 1968. 

Y 
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= ore containing about 10 million pounds of copper, assuming a 
8’’ ,gt copper content. After fracturing the ore body, a leaching 

copper-recovery plant would be installed and operated 
; at least a year by Kennecott to  obtain processing and economic 

:- pert 

OIL SHALE DEVELOPMENT 

mam for recovering oil from shale rock, announced by the 
’%dment of the Interior, in early 1967, has spurred interest in de- ’‘ this untapped resource. One part of the program proposes an 

-*t ioation, b jointly with AEC, of the use of nuclear explosions to  
- ,pr oil from this rock. This coijcept involves using a nuclear .;o 

leion to fracture the oil shale which ~ o u l c l  then be retorted4 
14 
s -place* 

-i prob 

&Pi% 

cu Experiment w 
% October 25, 1967, CER Geonuclear (CER), on behalf of about 

compnnies, formally proposed to conduct the Bronco experiment 
with the AEC and Department of Interior. The proposal i& from a joint feasibility study by the AEC, CER, and the 

-Tall -’ of Mines. Project Bronco, as proposed, would use a 50-kt. 
-tear explosion a t  a depth of about 3,350 feet in the Piceance Creek 
a&, about 25 miles northwest of Rifle, Colo. It is expected that the 
5/osion i would produce B chimney containing about 1.3 million tons 

. Assuming 24 gallons of oil per ton of rock as the average 
tent (as shown by samples) in the shale, the chimney would 
bout 750,000 barrels of oil. Efforts to retort the shale in the 
re zone outside tlie chimney would follow the retorting of the 

sn shale within the chimney itself. The project, as described in 
feasibility study, would probably require 5 years to complete. 

CAVATION TECHNOLOGY 
gess continues to be made in developing the technology neces- 
o use nuclear explosions for excavations such as the construc- 
f canals and harbors, clearing waterways, or removal of over- 
in near-surface mining operations. 

by mhich the oil is produced by heating the broken rock, using the under- 
Produced by the nuclear explosion as  the chamber or “retort.” Two proposed 

retorting the broken oil shale and associated fracture zones m e :  (a) igniting 
rock and moving a combustion zone through it by injecting air through drill 
burning the residual carbon; o r  ( a )  injecting hot gases from an external 

’to increase temperature and force the release of oil. (See pp. 242-244, “Annual 
fo Congress for 1966.”) 5 ,;I 1 (1 3 3 t’ 

- - ‘ $ I  

f 
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CRATERING EXPERIMENTS 

Project Cabriolet 

Project Buggy-I 

Preparations began a t  KTS in the late fall of 1967 for proje 
Buggy-I, the first nuclear row-charge experiment. The experhen. 

nuclear explosives, spaced 150 feet apart at a depth of 150 feet, i t  

long, and 80 feet deep. The experiment will provide basic row Ch3m 
cratering data in a hard, dry rock formation in level terrain. 1t 2;; 
will provide information on the amounts of radioactivity released t).r 
row charge explosion. 

planned for 1968, will involve the simultaneous detonation of 

expected that the resulting channel mill be about 300 feet wide, gob fe - 
r 

Emplacement Techniques Development 

A major goal in the nuclear excavation program is to reduce to 
minimum the amount of radioactivity released to the atmosphere hz 
cratering explosions. During 1967, two tests were conducted ah& 
contributed to this objective. 

On June 23, the Switch event, a low-yield, fully contained unds-  
ground nuclear explosion was conducted a t  NTS. Data indicated t$t: 
the explosive tested was successful in keeping fission product nnd 
cluced radioactivit-j- to a minimum. 

The Marvel experiment, a low-yield, fully contained nuclear 
at NTS was conducted on September 21, as part of the effort 
velop special eniplacement techniques to entrap underground P 
amounts of the radioactivity produced in cratering esplosios 
liminary evaluations indicate that the experiment was successht 

de 
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TRE PLOWSHARE PROGRAM 

Interoceanic Sea-Level Canal Studies 

Study Commission in developing data on the technology, 

of its larger study of constructing a s e a - l e ~ l  canal across 
Amrican Isthmus.5 Congress extended the h a 1  reportill,, d 
mid-1968 to late 1969. 

The U C  cooperated with the Atlantic-Pacific Illteroceani, (J3t 
* -  

safety of using nuclear explosions to excavate a Sea-level canal. I ~~ a:, 
Canal Study Commission is considering nuclear excaration as 1 i l  

pa 
b ate fl(r; 

See “Annual Report to Congress for 1966,” pp. 252-255. 
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INTERNATIONAL 
COOPERATION 
ACTlVlTl ES 

u.S. "Atoms for Peace" program entered its 13th year during 
Ole 
*- Oriaginally conceived to enable friendly nations abroad to share 

etlcef ul benefits of nuclear technology by supporting coopera- $6 P 
Omams and projects and exchanging technical information, 

?P 'b  to include a,s well the sale abroad of U.S. nuclear equip- 
'i ?[ and materials. Agreements for Cooperation for power reactors 
*le in recent years have included assurances of a supply of enriched 
piurn for the nuclear poKer programs of foreign countries over 
- .periods of time. 
ifernational interest in nuclear power and desalting plants con- 
.,rd to grow in 1967. A new concept, now under study at  the Oak 
4% National Laboratory, involves the use of large combinatioll 
;ts to serve industrial agricultural complexes. Located in arid areas, 
jplants Fould supply low-cost energy for the production of elec- 
iry, water, fertilizers, and other chemicals. The concept shows 
& for AEC's international program and is of particular inter- 
::a several foreign countries. 

]I. 

3 

GERNATl ONAL AGENCIES 
:!e m y  was paved in 196'7 for several future international coopera- 
-projects. Attendance at international meetings afforded the Chair- 
:and his fellow Commissioners with opportunities to make infor- 
arrangements for expanding cooperation in the nuclear field. 

'!cipst,ion in discussions with atomic energy leaders, both overseas 
b the Western Hemisphere, also enabled the Commissioners to 
&!the groFth of international cooperation. 

( .  
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Swiss Powerplant. Shown is an air view of the 350-Mwe. pressurized 
actor being built by Westinghouse for Xordostschweizerische Krafme 
(NOK), Switzerland’s largest electric utility. The plant is located O 

Island in the Aare Ri-rer near Baden, Switzerland. Electric P K e r  
is scheduled to s tar t  in the summer of 1969. 
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arid clevelopnient program aimed principally a t  iniproring 
ering of fuel-cycle costs, of U.S. light 

pes built and operated in Europe under the joint pro- 
st breeder reactors. 

eet tbe material requirements for Euratom's reactor develop- 
r power program, legislation was enacted by the 

permit the AEC to transfer to the Community 1,000 kilo- 
of plutonium in addition to the 500 kg. previously au- 

d 145,000 kg. of uranium-235 (U235) in addition to  the 
. previously authorized. This legislation also authorized AEC 

with enrichment services after December 31,1968. 
flyision of toll enrichment promises to be very important to 

to those nations cooperating with the U.S. now 
nuclear power programs. (See Chapter I-Source 

JA-";UART-DECEMBER 1 9  G 7 

Nuclear Energy Agency 

as continued its collaboration with the European Nu- 
through information exchanges, par- 

ups, and cooperation in the ENE,i:s 
Boiling Water Reactor Project in Norway, the Dragon High- 
ture Reactor Project in England, and with Eurochemic (Euro- 

for Chemical Reprocessing of Nuclear Fuels) in 

NUCLEAR DESALTING STUDIES 

ional interest in dual purpose nuclear power-desdlting 
to grow in 1067. The International Atomic Energy 

tinued to play an important role in fostering or monitoring 
e efforts in the field of nuclear desalting. U.S. officials par- 
n several ILEA. panel meetings, and IAEA4 officials par- 

several desalting studies that the U.S. has bad undemay 
other countries. Conimissioner Raniey held discussions on nuclear 

for electric pou-er aiid clesalting of seawater with atomic enerm 
of India, Israel, and Pakistan. 

C.S+-IAEA-Mesicnn nuclear desalting study group is consid- 
Sthe technical and economic feasibility of installing a very large 
w poaer-desalting plant on the Gulf of California in Mexico to 

'>  1 LJ ?W72--CS-15 
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of 1 produce fresh water and electric power for the arid region 
zona and California in the United States, and the states of B ~ ~ , ,  pi 

fornia aiicil Soiiora in Alesico. The stucljy  group'^ report is exp 
e c t q  f ,  

A jointly financed study, completed in 1966 by the U.S. and Ispdpz 
of a dual purpose 2OO-megawatt plant prociuciag 100 mi1liol, - 1  

€341 I 
of water per day for operation in Israel by 1972, was upclated in ~~~ 

on the basis of a 300-n1egawatt, 100 inillion gallons per day 
fJ 

nically feasible to  install such a large nuclear power-desalthg plaBI 
and aflirmed its economical potential for Israel. 

Discussions were also held with several other iiatiolls illteresled , 

be completed in 1968. 

operation in 1975. The updated study collchcled that it n-o,& e f&:k 0 

dual purpose reactors, including Brazil, France, Greece, Italy 7 '- )a&- . ti" 
and tlie United ,4rab Republic. 

International Conference on Water for Peace 

The International Conference on V'ater for Peace was held rr; 
\TTashington, D.C., May 23-31, 1967, and was attended by reprewEta 
tives from 94 countries and 24 interiiatioiia~ organizatious. Tile cor,fei 
ence was opened by President Johnson. I n  his address, the pre-qjdf--r 
highlighted nuclear desalting and noted that the nuclear des]: '* 

plants to be built near Los L4ngeles (see section in Chapter ;r, on * L I ) ~ ~ ~ ; ~  

ing and Processing Uses?') will produce three thousand times a b  

water as the world's entire desalting water production of 10 raB 
and at one twenty-fifth the cost. The AEC participated in planninz cFS 
confemnce and exhibits. 

AGREEMENTS FOR COOPERATION 

At the end of 1967, the United States had 34 Agreements for CcEtr- 

eration for civil uses of atomic energy in effect with both natioE 
groups of nations (see Appendix 7 for listing). FolloJrincr consultaia 

acti 
taken earlier with Belgium and France, the bilateral agrwnl 
with the fo l lo~i i ig  Euratoiii member states were allowed to expire. 
the objective of channeling and consolidating future t rmsfw of q* 
cia1 nuclear materials to  these countries through tlie T_T.S.-Elmf~ 
Agreements for Cooperation : the Federal Republic of Genrim!. t - k ~  
6, 1967), the Federal Republic of Germany on behalf of the CiF  
West Berlin (July 31, 1967), and The Netherlands (A4upd3 7, IfqTis 
Direct technical cooperation will continue wit31 these countries in 
areas as the exchange of information and personnel. 

with the governments concerne.d, and consistent with sinlilar b 
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erseding Agreement for Cooperation concerning the Civil 
tomic Energy was signed with Norway covering both power 

-earth activities. This agreement is for 30 years and, as in similar 
it provides for the supply of quantities of enriched uranium suffi- 
to  cover Nomay’s long-term requirements for such fuel for its 

er program. The agreement also reflects the changes made 
the Atomic Energy Act permitting private ownership of 

clear material, and the export under license, of such ma- 

i 

B 
f 
9 

T drnents to Agreements zgefl 

menbents  to existing Agreements for Cooperation were negoti- 
aith Australia, Colombia, and South Africa. I n  the case of the 

1ia.n and South African amendments, the agreements were ex- 
for 30 and 10 years, respectively, and included private owner- 

and toll enriching features. The Colombian amendment covers 
ch reactor activities and its major purpose was to extend the 

reement for IO years. 

:a 
[)ai&, 

d in 

1 f v r- 
dent 

‘nt& 

HNICAL ASSISTANCE AND COOPERATION 

Conference of American Presidents held in April a t  Punta 
ruguay, agreement mas reached among the participants on 
lity of a more intensive regional development of science 

chnology, including nuclear energy. As a followup, Chairman 
visited Argentina, Brazil, Chile, Colombia, Peru, and Vene- 
e visit served to strengthen existing U.S. cooperative activi- 

ose countries and provide the framework for expanded 
in the areas of food preservation, agricultural and medical 

ct eradication, reactor technology, and nuclear raw materials. 
followup to the Punta del Este Conference, the Inter- 

Nuclear Energy Commission’s Advisory Committee met to 
ance on a new budget and program for the development 
ence and technology in Latin America and Commissioner 
ed atomic facilities in Argentina and Brazil. Also, the 
ary  of the establishment of the *4EC’s Puerto Rico Nu- 
RNC) , was marked by a 3-day symposium in San Juan. 

was devoted to a discussion of the contributions nu- 
energy can make to solving Lath American problems in the 
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areas of public health and medicine; food Supply and nutrition 
the development of natural and energy resources, a t ,  

Other Countries 

rJQ tip 
Heavy Water Organic-Cooled Reactor ( ~ % ‘ O C R )  concept. T~ 
cision led to a reassessment of ,4EC cooperation with At omic E:p: of Canada, Ltd. on this concept. &4s a result, it was deemed 
to phase out the AEC‘s use of Canada’s WR-1 reactor and assoclaQ 
facilities at Canada% Whiteshell Nuclear Research Estab]iShblent 1 
Pinava, Manitoba, as well as related loop studies in th T e h m l  t* 

cmf>el-& reactor at Chalk River, Ontario. At the same time, the AEc’ 
tive effort with Canada on the balance of the henry water reachr p r ~  
grams was continued. 

The third annual meeting of the AEC’S Commissioners wit., 
Directors of Atomic Energy of Canada, Ltd., .took place in 3fQB 

%- treal during May for an informal exchange of information on 
tive programs. Concurrently, the first tripartite meeting since 1945 
held by U.S., Canadian, and United Kingdom atomic energy lC1~lpF= 

Cooperation arrangement, negotiated with the Indian AEc in 
cember 1966, mere implemented in 1967. Studies were initiated 
U.S. and Indian scientists of various reactor systems that might & 
suited to India’s power needs. I n  addition, some of the other areas beiq 
studied jointly are the technical feasibility and economic potenthi 
of nuclear power, India’s resources of nuclear source materials, tb 
advantages of locating an industrial complex in India around 
large nuclear reactor and the use of thorium for the production of 
nuclear power. Comprehensive bibliographies of reports on the a m  
identified within the scope of the exchange (reactors, food irradiatioa 
waste managements, radioisotopes in biology and medicine and part& 
accelerators) and engineering drawings mere sent to India. I n d k  
representatives participated in a study of energy center concepts OT 

Oak Ridge National Laboratory during the summer, and Cornmisimz 
Raniey and a team of ORNL experts visited India in November €0 

consult on the potential uses of nuclear energy in agro-indngd 
complexes. 

Additional technical exchange arrangements vere also ne@isb2 
witli Itnlj-, Japan, and Sweden. Implementation of more than **  

existing exchange arrangements continued. 

Canada. In Rlarcli 1967, the AEC decided to  close out 

India. Several exchanges resulting f rorn a comprehensive 

5 I 0 I!. 0 3 
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BEC has offered unclassified training in increasingly sophisti- 
gelds, and basic and applied research opportunities at the 
te and post-doctoral level to foreign scientists. These have 
d the growing maturity of many foreign programs. 
of the most significant developnients during 1967 has been the 

interest in the peaceful nuclear energy field by Latin 
ountries. There lns been an increase in the nuniber of 

Derican nationals who have sought assignments in the U.S. 
fields of reactor operations, health and safety, and nudear med- 
Oak Ridge Associated Universities Inc., and the Puerto Rim 

ear Center continue to offer a number of short-term courses in 

1955, over 4,500 foreign nationals have been provided un- 
d training, assignments or opportunities to perform basic and 

tion With the Soviet Union ’ 

.S. Atomic Energy Commission and the U.S.S.R. State 
on Atomic Energy continue t o  exchange, on a monthly 
sified reports in the peaceful nuclear energy field although 

is no formal exchange arrangement for this. Additionally, the 
in c.oordination with the U.S. State Department, continue to 
e the visits of U.S.S.E. and Soviet bloc scientists to unclassified 

SC facilities and their pl‘ticipation in AEC-sponsored conferences 
srmposiums helcl in the United States. AEC peBonnel, as well as 
:contractor personnel, also visited the U.S.S.R. and Eastern 
ean countries to  attend conferences and visit nuclear energy 

a1 

+oratory-to-Laboratory Arrangements 

tive la~or~to~- to- labora tory  arrangements Tit11 a, number 
research centers abroad have been developed. Under these 

ents, various U.S. institutions provide sustained advice to 
actor centers wliich were financed, in part, by U.S. grants 
the “,4toms for Peace” program. 
GT, such sister-laboratory arrangements =ere continued 

!kt with the research reactor centers in the Republic of China 
dam), the Republic of Korea, Thailand, Colombia, and Greece, 
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and a similar cooperative arrangement was inaugurated with pLtki- 
Under these arrangements? the AkrgO1lne, BroOMlaWn, and oal; k; 
National Laboratories and the Puerto Rice Kuclear Center prc,; 
periodic consultation and sniall items of equipliient llot rf,a, 
available to  the cooperating foreign laboratory. 

mTE RNATIONAL COOPERATION ACTIYITIE fj 

INTERNATIONAL SAFEGUARDS 

Significant international safeguards de~~elopnients in wllictr A4FF 

hganagement. I n  carr-j-ing out its responsibllitles in this area q . L  $Er 
velops safeguards policies applicable to U.S. materials distrit,t, 
abroad and maintains liaison with the Department of State, foe.- 

On December 2, President Johnson a n ~ ~ ~ ~ e d  that when safpmapii, 
are applied under a nonproliferation treaty for  nuclear meapom 
the United States will permit the International Atomic 
Agency to apply its safeguards to all nuclear activities in the cn& 
States-excluding only those Kith direct national security 
cance. . . . 

participates are covered in Chapter 2-Safepards and i\iatepia; - _  . . .  
- & 

governments, and international organizations. =? 

-c 

* r  

?, 

Trilateral Safeguards 

The transfer of the responsibility to the IAEA4 for applFingafb 
guards to materials and equipment distributed under various b i la td  
agreements for cooperation between the U.S. and other countri6 
tinued in 1967. To date, 16 countries have signed trilateral s a f e p g  
agreements with the U.S. and the L4EA4 under which the TAU?,\ 
sumes this responsibility. Ten other trilateral agreements are in vsrim 
stages of negotiation. 

The &4EC safeguards staff made inspections of 77 facilities in 9 
countries during the year. These facilities are still subject to C S  
bilateral control. 

Euratom Safeguards 

The L4EC maintains close liaison with Euratom safeguards &i* 
to  assure that each party has full information a b u t  safeguards 
rials control techniques, and practices of the other. In  t-w liiia 
meetings held in 1967, the primary interest was in safepards P* 
cedures relating to fuel fabrication with particular emphasis on 

Ywapur Xuclear 
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ting fuel elements from plutonium and highly enriched ura- 

These discussions (which have been clusely related to the meet- 
Joint Technical Working Group mentioned in the Safe- 

ection of this report) have been of assistance to Euratom in +he 
nt of procedures that Euratom plans to use for safeguarding 

ication plants. The procedures are based on the principle that 
inspections will be required in safeguarding those plants 

signscant quantities of highly enriched uranium or 

ERCIAL COOPERATION 
end of 1967, there were 19 U.S. and U.S.-licensed power 

o~ operating, being built, or planned abroad. 

Ira 
iw 
t i i f i s  

mll 

lous 

x i  P 
‘E *4i. 

r Nuclear Pozcer Station. The first major commercial nuclear powerplant 
India and the largest such plant in Asia, the Tarapur project is expected 
to operation b,r mid-lWS. The plant is located on the Arabian Sea coast 
miles north of Bombay. Bechtel Corp. designed and is constructing the 

plant for India’s Department of Atomic Energy. The plant will use two 
CRle 190-hfwe. boiling water reactor systems, fabricated and installed by 

*era1 Electric Co. 
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~ 

POWER REACTORS 

Plants Scheduled for 1968-1 971 Completion 

. ,  SUPPLY OF MATERIALS ABROAD 

AS of mid-1967, the S E C  had distributed abroad tlirougll , -  

... 
- 1  - +  

c: 
and deferred payment sales, special nuclear and other 
t ~ i e  approxiinate T-alue of $366.4 million, resulting in rwenlle m 
United States of $171 million. 

zie 

c 



in Japan and Spain. The above is a view of the Japan Electric Power 
ear plant being built on the Tsuruga Peninsula. This is the company’s 
lant and is rated €or 325 Nme. using a boiling water reactor being s u p  
the General Electric Co. It is scheduled for completion in 1969. Photo 
ows the Zorita, a 153-Mwe. pressurized water reactor plant, being built 
by the Westinghouse Electric Corp. Located near Madrid, the plant is 

ted to be in operation by mid-1968. It mill be Spain’s first nuclear power- 
to go into operation. 
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Services Provided 

The United States provided chemical processing services to Canad% 
Sweden, and Japan. During 1967, there were 31 shipments of speft. 
research reactor fuel to the United States. Processing services for t h i  
type of fuel continue to be available at  the AEC’s Idaho Chemirral 
Processing Plant and the Savannah River, S.C., plant until serrim 
become available commercially (see Chapter 1-Source and Swi~ 
Kuclear Materials). 

The BEC continued to make available for foreign distribution 1 b  
ited quantities of the transuranium elements americium-243? cdi- 
fornium-252, and curium-244 as sources for research purposes. 

The AEC also assisted local and U.S. Coast Guard offices in ~p 
proving two additional ports, Walla TVdla and Pasco, Wash.? to fm- 
dle shipments of radioactive materials; 46 U.S. ports are now EQ 
cl era re (1. 

Uf 

1 See p. 439, “Annual Report to Congress, for 1966” for complete list. 
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INFORMATIONAL I ACTIVITIES 
nt,y-five years ago, t.he atom and its potential usefulness was a 

ev to all but a few scientists and government officials. Today, 
energy source locked within the atom, while still mysterious to 

is more commonly known-not just to those technically- 
d, but also by the general public. The AEC has the responsibil- 
increase continually the fund of informakion available to science 
dusty, and to foster greater public understanding of nuclear 
. The AEC is carrying out these responsibilities in several 

q s .  

F 
CHNICAL INFORMATION 

AEC's technical inforniat ion programs serve tlie scientific, 
ical, industrial, and amdemic communities, as well as tlie general 

both in the United States and abroad. The existing nuclear 
e literature is abstracted, indexed, and distributed in order to  

rking scientists and engineers to what is available. The pub- 
of scientific books and monographs, and technical progress 

journals serves to repackage and compress the literature into 
renient summary form as well as to review it critically. Educa- 

1 literature is distributed to a wider audience, predominantly 
ndary sclzool students and their teachers, interested in nuclear- 

subjects. Specialized information centers offer conveniently 
orized nuclear science reference sources. Selected scientific confer- 
are supported to provide opportunities for an exchange of ideas 

ng scientists and technologists. Information is channeled to p t en -  
industrial users on AEC-developed technological innovations 

h v e  possible commercial application. Demonstrations and 
are presented at  home and abroad to call attention to the 
uses of atomic energy and to United States acliiei-ements in 

221 
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Distribution Center. Approximately 500,000 pieces of mail, princimuF 
reports and educational publications, were dispatched to domestic a d  
recipients during 1967 from this modern distribution facility at BEGS Diasim 
Technical Infomation Extension at Oak Ridge, Tenn. 

twhiSz 

INFORMATION SYSTEMS AND SERVICES 

Progress continues in developing cooperative international s!-smk 
for dissemination of nuclear science information. Follo.r~-ing enclom 
ment by the Board of Governors of the International Atomic Enern 
Agency (IA4E,4) of the concept of an internakional nuclear info&;& 
tion system-t o be coordinated by the IAEA-represent Lztims of tfn 
AEC met with IAEA staff members and representatives of ~ f f ~ y  

member states to continue system planning. Agreement  as mhd 
on descriptive cataloging standards and on ma.gnetic tape f o r m u  h 
a machine system. 

Cooperation continued between the AEC and the European Atmk 
Energy Communit.y (Euratom) on the further developcnr of 
machine systems for handling technical information. a s  part of th 
cooperation, most of the computer programs developed earlier 
Euratom were made araihble for use in AEC’s technical ~ f @ ~ ~ ~ ~  
system. 

International Exchange of Technical Reports 

The first step in a planned reorg?nization of arrangements fs 
internati onal escllange of nuclear teclmical reports vas c ~ ~ P ~ ~ ~  

rjaIized lnfot 
ip8 
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tjle establislment of a European reports clearinghouse. XTnder 

STstem, copies of AEC reports nil1 be sold by the Xaiional 
Library in  England to  purchasers in member states of the 

$n Kuclear E n e r a  Agency (ENEA) . The library also col- 
or ts  produced in these countries and makes them available to 
the U.S. I f  this arrangement works satisfactorily similar 
clearinghouses are planned in other areas. 

. 

Exchange System 

ricsln Institute of Physics (AIP) completed a study for 
f the feasibility of a centra.lized, rapid-distribution system 

aniiw,rints /“nr~nrint.c”\ SI rn fin cr thPnrPitira 1 hi mh -PTI~DT-- 
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New JiecIlanicaZ Concept. Information on rolamite, a new mechanical 
~~~ 

w p t  developed at Sandia Laboratory, has beell released to the public by the 
Sandia Office of Industrial Cooperation in  Albuquerque, N. Ilex. A desiW pri, 
ciple apwcable  to a wide variety of uses in industry, space, and xeapons maB+ 
facture, rolamite geometry can produce nearly all kmwn mechanical a d  el- 
mechanical fundions in a wide variety of combinations. The &sic d e ~ c x  I 
substitute for ball or roller bearings, consists Of two rolling elements lea 

is virtually frictionless, easily microminiaturized, and extreiuely tnienet 
production variations. Photo aboz;e shows the basic geometry of rolamite, she* 
the flexible band, “cluster” of two rollers, and Paal le l  guide surfaces. strn 
belozo is an  example of a rolamite-based high-level G-switch approximakip 
inches by y2 inch, but this is not a miniaturized model. The rolamite appean 
offer solutions to many previously uiiresolved engineering problems or 08- 
simpler solutions than some presently available. 

an S-shaped “cluster” by elastic constraints Of a metallic band Under tensiop, t 
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TECHNICAL INNOVATIONS 

AEC encourages industry-primarily smaller, non-nuclear 
r i s e 0  make commercial use of technical innovations result- 

AEC-sponsored research and development. This effort was 
ed with the establishment of a third Office of Industrial 

of Industrial Cooperation 

ew Office of Industrial Cooperation was established during the 
at the Sandia Laboratory. I n  function, it is similar to offices 
mly established at Argonne and Oak Ridge National Labora- 

85.2 These offices are responsible for identifying AEC-generated 
Ological innovations which are potentially useful to industry and 

facilitating the transfer of the technology through government- 
ustry meetings, briefings, laboratory tours, and individual Visits 
laboratory scientists and engineers. 

EcNASA Tech Briefs” 

ne issuance of “AEG-NASA Tech Briefs” expanded in both 
dth of coverage and volume during the year. This series of busi- 

iented summaries was started in 1966. At first, it was limited 
ribing devices, processes and techniques developed at Argonne 
a1 Laboratory. During 1967, coverage was extended to innova- 

eloped at Sandia Laboratmy and in the space nuclear systems 
s sponsored jointly by AEC and NASA. As of the end of 
“AEG-NASL4 Tech Briefs’’ had been 

PUBLISHING ACTIVITIES 

g 1967, six foreign countries began providing English- 
abstracts of their nuclear literature for Nuclear Science Ab- 

a new edition of the classic “Sourcebook on Atomic Energy’’ 
blished and the technical progress review journal (‘Nuclear 

ty‘‘ began appearing bimonthly rather than quarterly. 

P. 320, “Annual Report to Congress for 1966.” 
“AEC-KASA Tecn Briefs” are srailablc, at 15 cents each, from the Clearing- 

or Federal Scientific and Technical Information, Springfield, Va. 37831. They 
subscribed to by category at the following annual prices : electrical (electronic), 
energy sources, $2.50 ; materials (chemistry), $5.00 ; life sciences, $250  ; mechani- 
00 ; or all categories. $20.00. 

r - -  2 5  1 O i i  14 
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Nuclear Science Abstracts 

Scientific Books and Monographs 

A revised and enlarged third edition of Dr. Samuel G]asstn,,., 
“Sourcebook on Atomic Energy” was published in 1967. This c~:t*- 

reference work, first published in 1950 and revised in 1958, ils s.’f 
Over 100,000 copies in its English version, and has been translatc(i 
Russian, Japanese, Spanish, Polish, Serbo-Croatian, and Borean. 

The AEC sponsors preparation of books like the “SourC&,,,L;- f G s  

meet the needs of scientists, engineers, and students for texts and ft.f.?. 
once works covering significant segments Of nuchtr  science and tezk- 
nology. Most of the volumes are published by private firms Khic!t pF 
royalties to  the government. A list of the more important 196; plI;z!j7 
cations appears in Table 2 of Appendix 8. 

.li&l 

Technical Progress Reviews 

The “Nuclear Safety” technical progress reriem journal m s  put 
a bimonth1.r instead of quarterly publication schedule beginning wi:t 
the issue for September-October, 1967. I n  view of the increasing k e  
est in nuclear porerplants, it was felt that safety information hi& 
be provided on n more current basis. Beginning with the summer W 
issue, the name of “Reactor and Fuel-Processing Technolos“ w 

‘XS-4 is available to  the general public on a subscription basis from the Supef ic taM 
of Documents. C.S. Gorernment Printing Office, Washington. D.C. 20402, BS falloffs: f@* * 
3 4  ~ F u l a r  issues. $30.00 domestic, S37.00 foreign. A single issue costs $1.75, PIUS 5 re-* 
for  foreign mailing. Domestic rates apply to the  United States, Canndn. MPSltn 

Central and South American countries except Argentina. Brazil, Gurana, F rend  
Surinam, and  Eritish Honduras. Foreign rates  apply to the countries excepted ab’- 
to  all other countries throughout the world. For  the quarterly, semiannual, 
indeses, the subscription prices are  $32.00 domestic, $35.00 foreign. 

&€s2’ 
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ed to the journal wlrich combined “Power Reac.tor Technolo,rr;r” 
ctor Fuel Processing.” 

clinical progress reviews are prepared for the AEC by major 
ctor laboratories to digest, summarize, and eraluate significant 

nt developments in nuclear technology. 

+veri new titles were added t o  the ,4EC’s “Understanding the 
* 7’ series of educational booklets. The new booklets bring the total troln be series to 44. Of these, 91 are available also in foreign languages. 

distribution since the series was inaugurated in 1961 has reached 
3 0 0 1  000 copies. See Table 3, Appendix S, for complete listing. The 

titles included an index to the series prepared especially for teach- 
:$ 
4 sn d a new general bibliography on topics related to  nuclear science. 

t k  

%- 

DEMON STRATI ON S AN D EXHIBITS 

T~ encourage widespread public interest in nuclear science and its 
peaceful applications, the AEC presents exhibits and live dem- 

,bations These are presented where large audiences may be avail- 
+, such as a t  schools, museums, fairs, and technical meetings. Dur- 

rear, the AEC exhibits program was highlighted by five major 
tne(zs presentations. The secondary-school lecture-demonstration 
ogam was expanded, and preliminary plans were made for a 
&ar Science Center at the NeK York Hall of Science. 

t 

Presentations Abroad 

‘Atoms in Action” Centers 

-,itoms in Action” Kuclear Science Demonstration Centers were 
5ted by more than 450,000 viewers and participants during 1- 
mth presentations in Ankara, Turkey (April 2S-hfay 28), Panama 
.TT, Panama (May &June 4), Tehran, Iran (November &December 
, and Quito, Ecuador (November 6-December S) . 
Presented at the invitation of the host countries, and in cooperation 
31 their atomic energy and educational authorities, the demonstra- 
M centers feature exhibits and deinonstrations for the general public, 
;entifie investigations conducted in the Center’s nuclear laboratories 
- host-country and U.S. scientists, training of host-country profes- 
a 1  personnel in nuclear techniques, specialized instruction for 

264-472-6S-l~6 



A; Paisma City, national interest in possible constnlction r f  

second trans-isthmus canal led to a well-attended series of & 
sr”* lectures on the possible utilization of nuclear explosives for 

~ W i R  proje,cts. Commissioner Tape represented the A4EC at ceremon;,= 
qm- ing the “Atoms in Action” exhibit in Panama and in Iran. 

I n  Iran, a carbon-14 radioactiTre-datbg laboratory desiQed tr @L 

“Atoms in Action” presentation is being retained by Tehran 
versity Nuclear Center. It will permit the dating of numerous ani- 
facts unearthed by archaeologists in Iran and will thus contribute ~ 

a more complete understanding of early civilizations in the area 
At Quito, Ecuaclorian and “Atoms in Action” scientists inf,.+, 

gated preservation by radiation of bananas, potatoes, cherimolia* lm 
tomatoes, and naranjilla. I n  Ecuador, the pohto-which oriwinad 
in the Andes-is an important diet staple, the banana is the chhr 
export crop, and tree tomatoes and naranjillas are delicious ]Mal pd+ 
ucts which could be exported if mems were found for preserving thrn 
during their journey from tree to market. 

I n  1968, it is planned to operate the Demonstration Centers x 
Taipei, Taiwan ; Seoul, Korea ; Caracas, Venezuela ; and Cordetja, 
Argentina. 

Ridge Associated Universities and placed in operation during * -  th 

- 

e 

Other International Ex hibits 

L4 special exhibit, “Nuclear Energy in Space,” was presena a: 
the 2’7th International Aeronautics and Space Salon held M a p  3- 
June 4 at Le Bourget Field near Paris, France. The ,4EC displSt+ 
a full-scale niwkup of the NERVA nuclear rocket engine being den& 
oped by Los Alamos Scientific Laboratory and Aerojet General C B ~  
A duplicate of the SNAP-IO power reactor produced by Atom& 

c-* Interiintional that operated successfully during an orbital test fl@ 
-3 in 1966 vas  exhibited. Enlarged diagrams of other space appli@ti@@ 

for nuclear generators and engines were also shown. Some 300 thg- 
sand persons visited the AEC exhibit. Following its return t* tk - United States, “Kuclear Energy in Space:: was placed on displs? k- 
tially at the Chicago Museum of Science and Industry. 

c 
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 ear Desalting,” an explanation of nuclear dual-purpose plants 
ducing fresh-water and power, was exhibited April 13-95 in 
~taly,  and throughout October in Sao Paulo, Brazil. 

Presentations in the United States 

~c demonstrations and exhibits in the United States were viewed 
&7 by more than 4,800,000. 

@,,duv School De mons tra t ions 

s Atomic World” lecture-demonstrations were presented to a 
1,654,000 students and their teachers in some 1,880 secondary 

1s in 30 states during the year. Alaska was visited for the first 

ElerClII “This Atomic World” units were operated in U.S. secondary 
1s through May; 14 were in service when the schools reopened 

.W-in-Acfion” on Tour. During the 1967-68 school year a n  AEC high school 
me demonstration unit visited schools outside the original 48 States for the  
? h e .  The truck is shown here on its way to Yaldez, Alaska, population 555. 
ae196S spring term, this unit will be touring schools in Hawaii. 

‘c 5 0 1 R U 1 8  
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Circulating Exhibits for Museums 

The large manned exhibits developed specifically for e&nda ~~ 

seum engagements mere booked fdidly during the year and wa 
visited by some 800,000 persons. c G A t o m ~ l l e ,  USA.,” the verg 
lar children’s exhibit, spent the year at the New York Hall of SciQR 
“Life Science Radiation Laboratory,” which features actual dmorr- 

Plaiined Kew Pork Science Center. Artist’s concept of the new building at 23s 
TOrk City’s Hall of Science at Blushing Meadows which will house a n d @ f  
science center. Rocket display at left is part of the National AemnautiB 
Space Administration space park developed for the recent New Pork ‘iTdfS 
Fair. Serpentine walls at tqp ceizter are part of the original World’s a 
of Science building. 
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n of biological experiments, operated at the Californi,z Illuseurn 
ence & Industry in Los Angeles until June, then v a s  mol-ed to 
cific Science Center at Seattle. “Eadiation and 31an“ under- 

refurbishment before opening in Marc11 at McDomiell 
tarium in St. Louis; in September it was moved to the recently- 
i&ed Center of Science & Industry in Columbus, Ohio. 

s 
of Science 

ilEC staff has been working with the stuff of the Hall of 
iellca of the City of Ken- Tork in developing a Xuclesr Science 
nter to be housed in a new building at the Flushing Rleczdows site. 
scheduled to open in 1971. The city has appropriated some funds 

*dppared preliminary plans for the building, which will house a 
&and-training reactor, a gamma-irradiation facility, exhibits 
dmonstra tions, and laboratory-learning areas. 

@rig the year, conceptual plans mere completed for exhibits and 
strations to improve the nuclear sciencs area at the Chicago 

xer  monthly and annual attendance records were set a t  the Ameri- 
IfIuseum of Atomic Energy at Oak Ridge, Tenn. To better reflect 

of Science and Industry. 

3- broad range of nuclear-related scientific applications which are 
ZQIained and demonstrated, the museum is being renamed “The Oak 

Hall of Science-American Museum of Atomic Energy.” The 
um is operated for the S E C  by Oak Ridge Associated Univer- P (ORAU) . 

&BLIC INFORMATION AND FILMS 
2 

a Throughout 1967, newspaper and magazine writers and editors and 
$ - - radio-TV colleagues reff ected continuing interest in the growth 
z? ’.’nuclear power. Providing- the news media and members of the pub- 
m i t h  timely a i d  accurate information on atomic energy, is a major 
:=tion of the AEC’s information staff. This work includes answer- 

3+ 

uestions, arranging intervievs with Commissioners and members 
e AEC staff, and providing similar services in preparation of 

o and television programs. 

peration With Utilities 

e AEC’s public information staff meets with executives of utili- 
Rhicli are proposing nuclear poxerplants, t o  discuss the in forma- 

5 y ! ‘ L i g  
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tional materials which are available for local “public ed~patio4?, 
grams. During 196’7, there were 13 such meetings with utilities brin l)h 
the total since 1965 to 46. 

Efforts are continuing to increase public use of AEC facilities 

~ 

~ 

h g  ~ 

On QBii& 

supply speakers to civic, service, church, school and other POUPS ;tr, 
to tell the atomic energy story through increased ernphwk I ae; 

~ and tours of AEC installations. 

ATOMIC ENERGY FILMS 

Public use of atomic energy films continues at a high level, 
AEC’s 10 domestic film libraries loaned popular-level and profesiobl- 
level films on atomic energy for 109,499 showings, and 19 new moti,, 
pictures were added to the film libraries during the year: a c  fib 
were also used widely on television, at international exhibits, and rei 
circulated by AEC and USIA libraries abroad. (see Appendix g fw 
list of film libraries and titles of new films added during 1967.) 

8 Descriptions of films available for public showing are included in the “pepular 
and “Professional Level” film catalogs available, without charge, from Director, ~ i ~ i ~ ~ ~  ~ 

Public Information, U.S. Atomic Energy Commission, Washington, D.C. 20545. 

Service and Information Center. During June, the AEC opened its new sed* 
and information enter  at l’i17 H Street, Washington, D.C. Undertaken in 
ation with the President’s program for improved service to the public, the ries 
lobby is a one-stop information center where a trained receptionist handles ali 
types of inquiries concerning the Commission and its programs, either a n c t f f e  

questions directly or referring callers to proper AEC sources for a d d i t i d  
information. 
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with 9,803 prints of popular and professional-level films 
67, the AEC’,s 10 domestic film libraries and nonprofit sub- 
loaned films which were viewed by an estimated 3,872,000 
in high schools, institutions of higher learning, industrial 
tions, scientific and engineering groups, service clubs, and 

. Audiences estimated at  22 millions viewed 
C films through 331 showings on educational and 

motion pictures were integral parts of four “Atoms in Action 
ce Demonstration Centers” in Ankara, Turkey ; Tehran, 

nama City, Panama; and Quito, Ecuador. 
of approximately 211 motion pictures, largely on a profes- 
vel, were made from AEC liaison offices in London, Tohco, 
and Buenos Aires, the latter two libraries supplying French 

anish versions of many of these films. The use of AEC films by 
fic, industrial, and educational organizations has greatly 

during the past year with Australia, Colombia, Holland, 
d Peru leading the list. AEC assistance was provided to make 

d Dutch language versions of selected films, and to TV and 
cers from the International Atomic Energy Agency 
ngland, Germany, and Japan in providing stock film foot- 

rgy information, and arranging for  new photography. 
depository of atomic energy films, both English and French 

National Science Film Library of Canada (in Ontario) 
creasing needs of Canadian scientists, industry, universi- 

ientific and educational organizations. It provided many 
used in the science showings at EXPO 67. The AEC con- 

o supply films to the A4merican Film Library at The Hague, 
library in Vienna, to  the U.S. Information Agency 

) service office in Stockholm for use throughout Scandinavia, 
bUu.S. Agency for International Development (AID) for use in 

and South America, to USIA for use in Turkey and Singa- 
d prints of such outstanding films as “Brookhaven Spectrum” 

esalting the Seas” to USIA for world-wide distribution. 
AEC films--“Atomic P o w x  Today : Service with Safety,” and 

haven spwtm”-were selected for international Gold Eagle 
Zr-rdS by the Council on International Nontheatrical Events. 
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Edison Dag Xtudent Tours. More than 5,200 junior and high school M e n e  ~~ 

dents and their teachers visited 14 AEC laboratories and other facilities dW- 

February. The AEC and its contractors have held Science Youth Day touB fG- 

the past 11 years, for some 47,000 students and teachers. For each of the 11 
the Sational Reactor Testing Station in Idaho has set the pace for attendm, 
photo wbove shows some of the 1,700 Idaho, XlOnhna, lJ7yoming, Utah. and ob 
gon students riewing a model of the Idaho Chemical Processing Plant OD F~~ 
r-ary 11, 1967. Los Alamos Scientific Laboratory in Kew Jlexico drew the mrtM 
largest g r o u p 8 0 0  students from 40 high schools in Ken- Mexico, Ahrizona, GL. 
fornia, Colorado, and Texas. A portion of the group are  shown listening tO a 
description of the Los Alamos Tandem Van de Graaff accelerator in  photo ?dOa 

the 120th anniversary obserrmce of the birth of Thomas Alra EdimIi dUfi% 4 
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eclassification program has as a primaq objective the 
elease of previously classified atomic energy inf orniation 
this becomes possible. To fulfill the objective of making 

ilable to science, industry, and the public, the AEC 
e m  its classified programs to determine K-hether they 

declassified in whole or in part without undue risk to the 
1 defense and security. 

ional Subjects De cl assifred 

and detailed study of AEC classification policy 
ring 1967. I n  this study, the AEC and its Commitltee 

eviemers (see Appendix 2 for list of members) found that 
classified areas of information could be considered for 

scation. The significance of this on the national defense and 
was being evaluated at year’s end. Among the areas considered 

y compact reactors technology; ( b )  the remaining 
ormation in the aircraft reactors technology; and ( c )  

c heat sources. Portions of the SNAP reactor and production 
ams are also being considered for declassification. In 

on separation program, separative capabilities and 
tion rates, but not technology, were declassified. 

ssification Reaffirmed 

The AEC has also concluded that it would not be in the interest of 
national defense and security to declassify new information in 

of activity and has reaffirmed the continuation of the 
nt  classification policy for: (a )  weapons program; (6 )  Naval 

ctor program; ( e )  gaseous diffusion and gas centrifuge 
ology; ( d )  “any other method of isotope separation which 

eves .a reasonable potential for the practical production of special 
ar material in substantial quantities”; ( e )  Pluto program (nu- 

oyer program (nuclear rocket engine). Con- 
esent policy is also being considered in the case of 

ric and thermionic converter programs. 

menfs Declassified 

g the year, 45,000 documents were reviewed for declassifica- 
and 36,500 were niade publicly available. Since the beginning of 
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the declassification program in 1946, a total of 440,000 d 
been made available on an unclassified basis to industry and science+ 
Access Permits 

The AEC's ,4ccess Permit Program was est#ablished 12 yeam a@& permit industrial organizations to obtain classified inf omatlon ~ r r ;  

*Continuing declassification of research and develo Pment Rork 

% 
caused the number of access permits to decline. There were 3g3 
permits (314 for access to Secret Restricted Data and 81 for aw%tf 
Confidential Restricted Data) in effect on November 30, 1967 

nent to civilian applications of atomic energy. i -  

pared to 427 a year earlier (332 for SeCret and 95 for  &-&dentidl > %&+ 

d PATENT INFORMATION 
The AEC implements its program of dissemination of techis,,: 

jnfomstion by making inventions and patents available to the pub;;p 
t,hrough the issuance of patent licenses. The availability of th& 
patents are made known through publication of abstracts in public m- 
nouncements and technical journals. 

1967 Issuances 

During the period November 22,1966, to November 21,1967, the r,s- 
Patent Office, issued 301 US. patents to the AEC. There are 4 . ~ 3 ~  
AEC-owned unexpired U.S. patents administered by the AEC lloK 

available for licensing. The AEC portfolio of foreign patents in- 
creased during this period by 428. This includes patents in some 1; 
foreign countries. The total portfolio of AEC-owned foreign patenb 
numbers 3,514. 

The AEC granted 35 nonexclusive licenses on Government- 
owned patents. In addition, 38 nonexclusive licenses have been retained 
by contractors. AEC contractors have retained exclusive licenss k 
fields other than atomic energy in 28 patents. I n  30 instances. th 
title and rights in the patents were vested in the contractor, subjKt a 
a nonexclusive license in the AEC for governmental p u r p o ~ s .  

e Listings published as AEC public announcements during 1967 : No. 13-758 Ks 
Patents), February 1 3 ;  No. IN-767 (Canadian Patents), Narch 16;  No. IX-779 I B r l ~  
Patents), April 14 ; KO. IN-781 (U.S. Patents), April 21 ; No. IN-790 (French € ' t ~ t f s ~ ~ -  

Nay 19; No. IK-795 (U.S. Patents), June 8 ;  No. IN-805 (U.S. Patents), J"1.r If* 
KO. IN-809 (Belgian Patents), July 2 5 ;  No. IN-813 (British Patents), AnPf t  ''I 
No. 1 x 4 3 5  (U.S. Patents), November 14 ;  and No. IN-845 (U.S. Patents), De=mhs 
Copies of listings are available from Division of Public Information, U.S. Atomic 
Commission, Washington, D.C. 20545. 
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Atomic Energy Applications 

der Section'152 of the At0x-n.i~ Energy Act of 1954, as amended, 
issioner of Patents refers privately owned U.S. patent appli- 
the atomic energy field to  the AEC. The AEC filed 27 

tivM with-the Commissioner of Patents with respect to Ithe ques- 
"",f rights during the year, bringing the total number of directives 

der Section 152 to  194. The AEC has acquired rights in 106 
152 applications, and in 68 cases the directives were withdrawn 

I d @  

t acquisition of rights after completion of investigations. bo* ,hag applications total 20. 

51 



NUCLEAR 
EDUCATION 
AND TRAINING 

oe AEC supports nuclear training activities in associ a t' ion with 
x&m's educational institutions. Assistance to the academic com- 
0 is both direct and indirect. The major emphasis is upon grad- 
ducation, but activities also include aid to secondary school 

aching, technician-level participants, and training at the un- 
uate level. AEC laboratories, other AEC contractors, and ed- 

%tional institutions cooperate to improve the capabilities of institu- 
I& of learning to maintain an adequate flow of nuclear scientists, 
&+@rs, and technicians to meet the demands of the growing nuclear 

- 

fie academic community is being provided with even greater op- 
ies for use of the unique facilities in AEC laboratories. The 

ation in 196'7 of the Associated Western Universities1-an en- 
ent of the former Associated Rocky Mountain Universities- 

facilitate assigning teachers and students from nine or more 
tional educational institutions in the West to AEC laboratories 

ial training in nuclear fields. A survey was completed of the 
t of colleges and universities in the Northeastern States in nu- 
raining, with a view to forming an association to work more 

- 

Participants in Associated Western Universities are : Brigham Young University ; 
-*ado - State University ; University of Colorado ; University of Denver : Idaho State 
-Sersity ; University of Idaho ; Nontana State University ; University of Montana ; New 

New Nexico State University ; University 
'ItFMesico : San Jose State College ; Texas A and M University ; Utah State University ; 

Institute of Nining and Technology ; 

-Trer8ity of Utah; and University of Wyoming. 

239 
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~ 

closely with the AEC’s laboratories. Prospective part.icipants 
m-orking on a charter. aR. 

O ProrjAL specialized nuclear information for use by college and ]iigh spl i- 

science teachers. J: 

New programs are being offered in radiation bioloo 

b- t g i  

New Health Physics Training 

Or &&a. I n  January, a new 4-week training program in Accelerat 
tion Btonitoring and Health Physics was held at the AEC’s L ~ ~ ~ , ,  
Radiation Laboratory in Berkeley, Calif. This training was d e s i D ~  
to provide a thorough presentation of advanced techniques in ~~ 

celerator radiation monitoring and practical training in the use if 
Q d  

these techniques. Fifteen health physicists representing the AEC 
its contractors, universities, and State or Federal Government agpgench 
participated. 

Postdoctoral Fellowships Emphasized 

Increased emphasis is being placed on postdoctoral felloffshipb 
Tliese fellowships are offered to individuals who are currently tea&- 
ing or plan to go into university graduate-level teaching and ;& - 
to extend their research training by a year or two of conentt.dt,d 
work experience with \highly specialized scientists and 
equipment. 

Manpower and Training Studies 

The increase in back orders for the manufacture and condmctia 
of nuclear powerplants has created a need for  increased training p f ~  
grams and facilities t o  meet the increased manpower requirements a 
AEC is attempting in several ways to assess the future m,upww 
needs and to assure the availability of adequate training capabi€iti@; 
for the nuclear industry and the academic community. A detailed ex- 
amination of utility staffing and training needs is underway. Sltemg- 
tive methods of meeting such needs are also being sought as guidanm to 
both industry and the educational community. The 1967 Bureau of 
Labor Statistics survey on scientific and technical manpover 
ducted for the AEC was revised from past annual surreys to EPe 
on specialized occupations in the industrial segments of the stamk 
energy field. The AEC has also contracted for a study to asses 
foreseeable manpower, education, and training requirements tb 

entire nuclear field and the adequacy of facilities to meet such ad 
This study is being made jointly by the American Society for 
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Education and the American Kuclear Society; it is to  be com- 

C's nuclear training programs primarily encompass activ- 
conducted by its major contractors and laboratories, in associa- 

colleges and universities. 

AEC-CONTRACTOR PROGRAMS 

JFC contractors support a variety of educational programs for 
loyees, as well as for college faculty and students. Various 

Del-development programs encourage contractor employees to 

~9 Research. During its %-year history, the facilities of the AEC's Ames 
ratory a t  Ion-a State University (Ames, Iowa) ,  have provided opportunities 

' m e  than a thousand graduate students to associate with mature scientists 
rrying out their thesis research for M.S. or Ph. D. degrees. Photo shows a 

'We student preparing to photograph the silhouette of a single liquid metal 
' @  it rests 011 the surface of proposed container material for a liquid metal. 

ements of this tFpe a re  fundamental to modern liquid metals technology. 

I. 

S i I i ' I O t t 2 9  
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receive college-level training through tuition aid t ' 
tuition-f ree off -hours courses, or temporary assignments f 

t~ist inore than 6,000 contract or  employees receirect over. 6u0 
of formal college-level training. 

oratory staff members to reenter the academic environment 
velop new competence required for their labratory asti 
return, these programs create opportunities for facultJ- 

off for clsz+- 
Or *e?Qrf.. ---% 

bevond their regular xork assignment. During 1967, it is estin, 4 

Some contractors offer rWiprOCa1 programs that enable senior la 

Or '' &- 
gnrncnts r, 

embers Et, pursue research at AEC laboratories or facilities. 

Specialized Employment 

Sunanier Training. Nore than 230 students were employed a t  the b blm- 
Scientific Laboratory (LASL) during the summer of 1967 in tasks that ffmk3 
further their nuclear training. Left photo shows a Hamard Unirersitr (W 
bridge, Mass.) graduate student working with a helium-3 dilution refrivmm 
component in LASL's Cryogenic Laboratory. On the right, an Albany Stat@ C'cdIeS 
(Albany, Ga. ) , summer research student participant at the Medical Pirisi@n e: 
Oak Ridge ( Tenn. ) Associated Universities ( ORAU ) collects minute smP1e ~4 
thin-layer c h r m a t o g g m  containing various lipid fractions. The automatic md 
scraper and sample collector was developed at the ORSU facilitY for 
of carbon-14 and helium-3 labeled metabolites. 

50 I n u . 3 0  
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%tion in work-experience training for employees of other or- 
+.ions having objectives concerning the general development of 

n scholarship program continued on a pilot basis. This 
des financial support to selected AEC contractor tech- 

to enable them to complete their undergraduate education. 
his second pilot year of the program, the first three technicians 
their bachelor’s degrees and returned to work, 12 new appoint- 
ere made, and seven remained in the program from 1966. 

COLLEGE AND UNIVERSITY PROGRAMS 

The primary purpose of research conducted at m c  laboratories 
@der contracts with universities and other institutions is to extend 
ear knowledge in the physical and life sciences, and in engineering. 
$ever, an important secondary benefit in trainlng is received by 
uab students who assist principal investigators as salaried em- 

g the year more than 5,400 graduate students benefited 
well as contributed to, AEC research activities. Of these, 

&%IO were in AEC laboratories and 4,200 were in universities 

Important educational assistance is provided by the AEC’s six 
 ows ship programs in nuclear disciplines through annual appoint- 

r potential scientists and engineers working on their advanced 
, fellowships of typically 3 years duration were awarded in 

ce and engineering. Contracts with selected universities 
neeships for the support, also usually for 3 years, of 

r outstanding graduate students in nuclear-oriented disciplines. 
dition, research facilities at AEC laboratories were made avail- 
for up to 2 years to graduate students in nuclear science and 
eering for thesis completion. 
postdoctoral fellowship program is offered, for 1 year with 

on for renerd,  to recent P1i.D. recipients to pursue research ac- 
under highly specialized leadership in AEC laboratories in 

hysics, fellowships are offered for up to 3 years of 
afized study including 3 months training at AEC laboratories. 
cal doctors are also offered fellowships in industrial medicine 

provide training in the industrial hazards associated with 

ected graduate students. 

ion for graduate-level teaching. 

84-472-6s-17 
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Faculty Training Institutes 

Researclb Experience. During 1967, AEC contractors employed more than Zm 
faculty and students on a temporary or part-time basis. Their work n&m& 
miere designed to be compatible with their academic studies. On the left. a g@ 
ern Kentucky State College (Bowling Green. S s . )  student trainee at  thr 
Division of Oak Ridge Associated Universities. checks the data output f:tlt’ i~ 
the lon--level. n-hole-bodF counter. On the r i gh t ,  a student from C4domdtr -SW 

Lniversitr (For t  Collins, Colo.) , is shown performing a test in the 
Hygiene Laboratory at Los Alamos Scientific Laboratory. 

59 I u 3 2  
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on in Oak Itidge, Tenn. Of these iiistitutes! 13 were oriented 
college faculty and 18 were for high school teachers. A total 

ege and 410 high school faculty sttended these sessions. 
in-service institutes, which enable science teachers to obtain 
comparable tbo the summer institutes at evening and weekend 

ughout the school year, were attended by 91 high sclicrol 
These institutes were held at three colleges and by Brookhaven 

iuear of full-time graduate study was possible for 57 college and 
' 'school faculty a t  academic-year institutes conducted at two 

;elfen faculty research participation institutes were held at six 
~ Tc,fiities for faculty having previous nuclear science training in 

Laboratory and ORA4U's Special Training Division. 

and ORAU. 

EC institutes. Forty-two participants performed research in 
groups as j uiiior colleapes of experienced staff investigators. 

ent Grants and Services 

Grants for  nuclear training equipment, loans of nuclear materials, 
4 financial assistance for university reactors continued to be made 
institutions for the strengthening of their nuclear science and 

eering teaching programs. Equipment grants on a matching 
amounting to  more than $500,000, were made to 57 schools with 

uah-level programs of proven high quality or with undergraduate 
ams which produce a high percentage of graduates Tho move on 

vanced degrees in nuclear-oriented disciplines. 

PROGRAMS THROUGH AEC LABORATORIES 

ne specialized nuclear facilities and scientific and technical staff of 
5 AEC's major contractor installations continued to provide a 
i e t y  of educational and research training opportunities for faculty 
4 students. Expansion of the training effort in AEC laboratories 
mred during 1967 in numbers of persons and institutions partici- 
hg, in programs offered, and in the number of laboratories making 
&rfacilities available to the academic community. 
The use of AEC laboratories for training programs is promoted to 
hrge extent by cooperative arrangements through contracts with 
%iations of universities in proximity to the laboratories. However, 
2 faculty and students are permitted to use the facilities without 
Wd to membership in associations or geographic proximity. Thir- 
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teen major AEC laboratories' were engaged in a \Tide 
cooperative training activities for 2,600 students and 630 faculty -.;f 
ing the academic year. a -  

Faculty Training 

College and university f acuity ~ m n b e r s  Participated in several * ~ r -  
programs designed to provide research training expenen R&; 
mould ultimately improve the educational Programs in their ho; 

months Rzi 
institutions. Faculty research participation in summer 
most important. Weekend workshops were attended by college facult, 
members at Argonne National Laboratov (ANL) covering variw; 
of subject areas, including radiobiology, radioisotope techolo; 

spectroscopy, computers, neutron physics, and practical e1edroniB 
X-ray diffraction, nuclear magnetic resonance spectroscopy, OPtiQ. f '  

t 

Research Participatimz. The AEC offers opportunitis  for faculty and smket .  :c 
do research work together in  many areas of science and technology. Shorn k% 
a professor Of biology from George Washington University (District of C O l ~ ~ - -  
and a student from the  University of Georgia (Athens, Ga.), prepare a fa=* 
used in their study of photosynthesis under Oak Ridge Associated UniT.ek* 
sponsorship. The sample is being taken from a Savannah River Plant (near&p- 
S.C.) man-made lake used to supply part of the cooling water for the 
production reactors. 

During th 
tnrhees on I 
aembers a t  
emtive bono] 
md research 
protection tt 
& U t e  studej 
fa-tional Ref 
prience. Ab, 
kboratories 
ad other pa 
mhniques. t 
-dent expe 
&ring the ac 

Special prc 
-?ups in mc 
'f other field 
suclear energ 
-.iques at 01 
3dica.l per 
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faculty were given teniporary appointments as staff menibers 
ction in a variety of capacities in AEC laboratories. 
nne National Laboratory provided university faculty n-it11 :i 
r,s research through the PA4CE (professional activities for 

$uing education) program. 

t 

ate Student Training 

lddition to fellowships and einployment in research projects, as- 
c8 @ graduate students mas provided through a variety of 

ial programs at AEC laboratories. For example, candidates for 
aced degrees in nuclear-oriented disciplines were given graduate 

dat thesis appointments in order to use AEC facilities for thesis 
rch. Graduate students in engineering or applied science received 
oraq appointments at the Oak Ridge and Argonne laboratories in 

ineering practice schools. 

e,grad u a t e Train i n g 

mring the summer of 1967, nearly 400 students worked as student 
h g s  on research and development projects with experienced staff 
abers a t  AEC laboratories. Other undergraduates, through coop- 
lire honors programs, received college credit for a semester of study 
- -iresearch at an AEC laboratory. I n  a %year program on radiation 
$%tion techniques program sponsored by ,4EC, 22 technical in- 
-. q t a  students from Idaho State University spent the summer a t  the 
gional Reactor Training Station gaining practical health physics ex- 
,;ience. About 50 small colleges hosted 2-week visits by AEC's mobile 
matories from Oak Ridge during 1967, allowing faculty, students, 
13 other participants to receive special training in basic radioisotopes 
~ q u e s .  Science classes from colleges and universities conducted 
dent  experiments a t  A h ?  under the direction of their own faculty 
~ing the academic year. 

SPECIAL PROGRAMS 

-. $cia1 programs reaching beyond the academic community to niany 
aps  in medicine, local and State governments, and a wide variety 
jther fields, attempt to meet training needs in this growing field of 
-kir energy. These programs included courses in radioisotope tech- 

at  OR&U prF$im, ere attended by government, industry, and 
5 h I  perso&%, fa&& y and st,ndents ; medical qualifications 

.. 

59 f q.35 
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courses, also at OEAU, in ~ ~ l i i c l i  pIi~-sicians spend 1 to 3 
ing instruction in the uses of radioisotopes in diagnosis. 
tion sessions for iiiniij- special groups. 

~'tr.,, . 

a 

I n  another phase of its training prograin, three one-half hour . 

7 and Orjtfn, 

niotioii pictures are near completion and Fill be available for lo %!A* 

schools and organizations during 1968. The films are desigrl,d art t 
tivate undergraduate college students and hi& school seliiors to il li, ~ 

careers in iiuclear science and engineering. 

Puerto Rico Nuclear Center 

The AEC contiiiued its contract with the University of puerto 1:, ~ 

for the operation of dii-erse iiuclec?r-oriented graduate-1evel lwah-, 

and training programs in engineering a d  life and phpical scient.k ~~ 

three locations of the Puerto Eico Suclear Center. The Rio Piedrn, . .x* 



JAKUARY-DECEMBER 19 6 7 249 

rograms in medical, biologica.1, and agricultural sciences. 
de tropical rain forest is the site of Ph. D. and BLS. thesis 
rB in rain forest ecology. At Mayaguez, research and train- 
s are conducted in nuclear science and technology, nuclear 

ring, agriculture, and health physics. During the 1966-67 aca- 
ear, 236 students were enrolled in educational programs a t  the 
including 26 from Central and South American countries. 

ation of the tenth anniversary of the founding of the Puerto 
~ & a r  Center, an international symposium on nuclear energy 

tin American development was held October 30 through Novem- 
1, Representatires attended from 15 Latin American nations, the 

::re states, and the International Atomic Energy ,4gency. Papers 
j~ i~uss ions  concerned the role of atomic energy in solving Latin 

ican problems in the 'areas of food and nutrition, public health 
nledicine, and natural and energy resources. 

' I  : 

t 

1 

a 

? 

.e 



U C  sponsors a broad range of basic research studies in the 
physical sciences. This chapter mentions, in “highlights” form, 

of the more noteworthy recent advancements in basic research 
are more fully covered in the supplemental report, “Funda- 

1 Nuclear Energy Research-1967,” l and briefly describes new 
$1 I .  iG being Planned, or provided, for conducting the fundamental 

-2.ch and development program. 

qYSICAL RESEARCH 
The ~ C ’ S  basic physical sciences research program encompasses 
a areas of research. All have the unifying goal of furthering man’s 

#tanding of the natural laws and phenomena which are relevant 
3e atomic energy program. Both theoretical and experimental re- 
--h is conducted in high energy physics, medium energy physics, 

energy physics, mathematics and computers, chemistry, metal- 
-s T and materials, and controlled thermonuclear research. The actual 
arch is accomplished through work done a t  major research centers 
:through a research contract program. A large portion is accom- 
4ed at “on-site” locations which include the AEC national labora- 
7%’ other multiprogram laboratories, and special research centers. 
-5g 1967, about 542 research projects, supported by AEC contract, 
2 at “off-site” locations. Of these, 509 were at educational institu- 
 with the remainder of the contract research going forward at 
l-nrofit institutions, industrial research organizations, and at other 
:era1 agencies. 
2 e  nation benefits in a three-fold way from this approach to re- 
xh: (a)  it provides knowledge for the continued advancement of 

science ; (6) it aids specific scientific disciplines fundamental 

Lrcilable from the Superintendent of Decuments, U.S. Government Printing Office, 
-‘Won, D.C. 20402. for $3.20. 
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High Energy Physics 

0 Calculations have been made to test the new “quark model“ b1 ~ 

upon the existence of three particles which may have fractional 
tric charges and which may be the fundamental constituents of mattpr 

0 An interference model has been developed to explain the espF 
imentally observed features of high velocity collisions betffeen t,-Tr 
types of particles-pions and nucleons. 

0 Interpretation of very high energy experiments conducted i. 
electron accelerators have confirmed the theory that electromaDe::. 
radiation manifests several forms upon interaction. 

0 A number of new enhancements, possibly “resonant’’ parti+- 
have been discovered by measuring the total cross section for K- and f;. 
mesons on protons and deuterons. 

0 A new photoproduction method has resulted in the discorerr 
of two new members of the Y family of particles. 

0 The successful extraction of the proton beam directly into a h p  
experimental hall makes it possible to obtain mesons produced at ~ 1 -  

to the f orxard direction. 
0 Superconducting beam magnets have been developed which p 

ciuce magnetic fields t v o  to three times greater than the 2 O - k i l o p ~  
limit for iron pole bean1 magnets. 

A unique tool, which employs the conversion of pllotom i 
electron-positron pairs, has been developed to  analyze the spwtps 
of a beam of high energy photons. 

Medium Energy Physics 

c -&; 

-* 

3 -  

.- 
- 
-- ~ _- 
-.-. 
I been identified. 

I<-mesonic atoms of lithium, beryllium, boron, and carbon I s =  

See footnote 1, p. 251. 

SotionaE Accelei 
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;nmd Accelerator Laboratory. Schematic drawing above shows the master 
;for the proposed Kational Accelerator Laboratory to be located at Weston 

about 20 miles southwest of Chicago’s O’Hare Airport. The support buildings, 
linac injector, and the booster synchrotron are clustered on the northeast 
* .of the main ring. The experimental areas are arrayed along a straight 
:mal proton beam with a potential length of three miles. Photo below shows 
rodel of a main synchrotron magnet within a section of the tunnel model. This 
i o  was taken a t  the Oak Brook, Ill., temporary headquarters for the nucleus 
’$e working staff of the proposed National Accelerator Laboratory. 
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Chemistry Research 
~ 

~ 
~ 

f 

0 New techniques of measurement have resulted in the diRoTert 
of nuclei of boron and lithium never before identified. These bclud 
boron-14, boron-15, and lithium-11. Many other details of impoHa21 
nuclear reactions are being unraveled by this method. 

0 Lithium-drifted germanium detectors have recently b e n  appplihi 
to new measurements of neutron activation cross sections, q-liicl, ab 
used in activation analysis of a wide variety of materials. The 
techniques permit more rapid analyses a t  lower cost because no c~lerr 

ical separations are necessary. 
0 Major advances in spectral interpretations of the electronic stntP. 

tures of the actinide elements have been made a t  a number of ,\E+- 
laboratories using computer programs to make theoretical ~ a l c u l x t i o ~ ~ ;  

0 The iron-57 isotope has been used in 2llo.ssbauer spectroscopy tr, 
give new information about the chemical composition or  state of COR. 

bination of iron in native coal. This information is expected to 1. 
useful because it is related to problems of ash and clinker formntio:,. 
waste disposal, and of possible pollution control. 

All ordinary compounds of silicon have a valence of four, L- 
each silicon atom is chemically bonded to  four other atoms. Recent!:. 
a compound of silicon showing a valence of five has been prepared 2: I 
its structure deterniinect for the first time. This opens up a new fie’’ 
of silicon clieniistry of considerable theoretical and possible practi 
interest. 

New experimental and theoretical investigations, includinf. tf- 
development of laser-excit ccl Ramnn  spectroscopF, are prox-idk ir 
proved understanding of the compositions and structures of fI*: 

salts. 

__ A 

LOAC BEARING / 
__ 

INSULATION 

ASTON / 
EXPANSION / 
SYSTEM 
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-+ -. yodijicatiom. The ahove aerial view of the Zero Gradient Synchrotron 
- 7 q )  I l Y  a t  Argonne National Laboratory shows components being added to the big 
ilerat~r drawn in at right .  The new buildings comprise an additional esperi- 

area for the Z G S  and Kill house the world's largest hydrogen bubble cham- $2 
. The diagram below shows a cross section of the chamber, which mill rest in- 
._ the coils of a superconducting magnet. The chamber, now under construction, 
.:ln outside diameter of 13.5 feet. 

_ -  
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Metallurgy and Materials 

I n  experiments on channeling, iodine ions of 50 Xev. ener 
found to pass through gold crystals and emerge with discrete 0 enel. Rere . 

bands. Q 
0 Normal g a i n  boundaries in nickel have been observed to 4 z 

Ian twi t  : 

ciog 

sort, = defects created during neutron irradiation more readily tl 
boundaries. ~ ~ - ~ 

uceci 
0 A device has been developed for measuring tenlperature-ind 

length changes of the order of one percent of the average Spa 
between atoms in the solid-ten times better than previously possitle. i 

A. iieT superconducting phenomenon has been discovered inuolp. 
ing electronic tunneling between superconductors. 

0 A new electron spin resonance technique has been develope, and 
used to study the excited states of inipurity atoms in crystals. 

0 A new limit for the electric dipole moment of the neutron has 
been established by neutron scattering of a 11igh flu beam of neutrons. 

0 Recent observations on superplasticity in metallic materials Point 
to a plausible explanation for this phenomenon, namely the appear* 
ance and growth of nev  grains and the constant motion of 
boundaries during stretching. 

formation-induced plasticity) steel, has been developed. 
e A new high-strength-high-ductility material, TRIP ( tranc. 

Controlled Thermonuclear Research 

0 For  the first time, a high temperature plasma has been contained 
in a low-beta toroidal device without the existence of anomalous 
cliff usion. 

0 The Astron device achieved magnetic field reversal of a feF per 
cent which represents a significant step toward proving the feasibilitF 
of the Astron thermonuclear concept. 

Mathematics and Computers 

Two devices to  assist in the computer processing of line draKinm 
employing novel high-speed digitally controlled analogue circuiu 
have been developed under AEC sponsorship. The machines are rela- 
tively cheap and offer the possibility of considerably simplibin; 
the operations of computer graphics. 

A method has been developed for calculating the circulatkY 
motion which occurs when a layer of compressible heat-conducting 
riscous liquid is heated from below. This type of phenomenon 0ccufi 
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3 = uently in nature. As a result, the work is of interest to scientists 

~ 4 Important information concerning the generation and matura- 
~ ri0P period of red blood cells has been discovered as a result of a 
--9$&ematical model which was developed to simulate the behavior of 

!& 
,11 pany fields. 

blood cells and their precursors (erythrons). @ 

NEW AND PROPOSED FACILlTfES 

The very nature of the physical research program calls for unusual 
fld often highly sophisticated research facilities. During the year, one 
?pr major physical research facility was dedicated, construction was 

on three, and two mere in the planning stage. 

&rd linear Accelerator 

f ie  Stanford Linear Accelerator (SLAC) near Leland Stanford, 
University, Palo Alto, Calif., was formally dedicated on Sep- 

ber 9,1967. The 2-mile long, $114 million linear electron accelerator 
gs operated for  the first time in May 1966. Shortly thereafter it 
ghieved its design energy of 20 billion electron volts (Bev.). The 

alerator has met, or exceeded, all major specifications set for its 
formance. Particle interaction physics experiments already under- 

at SLAC were expanded to new areas in the s~mrner of 1967 
ciih the first operation of the SLAC 40-inch hydrogen bubble 

bonne Advanced Research Reactor 

Construction of the Argonne Advanced Research Reactor ( AzR2 or 
L ~ R R )  T ~ S  started in mid-1967. The principal feature of the A42R2 
dl be its very high neutron flux of 5 quadrillion neutrons passing 
yough an area of one square centimeter (5 x IOl5 neutrons per cm2), 
: 1 second. I ts  100-thermal-megawatt operating level and abundant 
;pplv of neutrons will provide Midwestern University and Argonne 
itioLal Laboratoq- staff scientists with a new tool for highly sophis- 
&ed investigations in the fields of nuclear physics, chemistry, metal- 
q-, and materials. 

r: %ot liquid Hydrogen Bubble Chamber _ _  
,_. 

. -- 
t l I g , =  Ai 12-foot liquid hydrogen bubble chamber facility now under con- 
tirig-= lmction at Argonne Xational Laboratory is a part of the major addi- 
cumi-c qns to the Zero Gradient Synchrotron (ZGS) facility for high energy 

$sics research. Also included are a second external proton beam, and E :  

E 
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Xtanford Linear Accelerator. A 
hydrogen bubble chamber 
went into use at the new sQMw 
Linear Accelerator during mid-lre 
and an  82-inch chamber is under ~k 
struction. The 2-mile-long, %-&, 
linear accelerator (at lef t )  on & 
Stanford Unirersity campus 
dedicated on September 9,1987. phot, 
beZow is an interior view of End sk. 
tion "A" (largest building at 
of photo on l e f t )  showing the 
ton, 20-Bev. spectrometer. The e]w 

tronic counters that  detect the part;. 
d e s  traversing the spectrometer M 
housed in  the large concrete shiel- 
pods so as to reduce accidental comb 
from cosmic-rays and stray radiatioa 

4 

h8 Alamos dles 
aerial photo of 1 

8oo-Mev. LaMPP 
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roton experimental area which will greatly enchance the re- 

&ble chamber, 12 feet in diameter by 6 feet high, mill contain 
5 cubic feet (26,500 liters) of liquid hydrogen. The large volunie 

e Argonne chamber will permit many experiments which were 
~ o u s l y  possible. These include experiments requiring the de- 
of particles with very low interaction rates, such as neutrinos 

requiring the complete identification of the neutral reaction 
(gamma rays and neutrons). The chamber can be filled with 

hydrogen, dueterium, or hydrogen-neon mixtures. Metal plates 

ability of the ZGS. 

@nversion of gamma rays can be installed as required. 

Alarnos Meson Physics Facility 

peliminary site preparation has started for the planned Los Alamos 
n Physics Facility (LAMPF) at the Los Alamos Scientific Lab- 
rg, N. Mex. The AEC received authorization for construction 

k Alanzos Meson Physics Facility (LAXPF). Drawing superimposed on an 
uial photo of the Los Alamos, K. Ilex., area shows how the half-milelong, 
*MeV. LAMPF will appear (in foreground) atop a mesa. In the middle-back- 
aud is the main Los Alamos Scientific Laboratory technical area ( l e f t )  and 
atrip (r ight) .  At the upper right is  a portion of the Los Alamos community. 
%preparation has started for the project which was authorized during July. 

284-47248-18 - , I n I\ 1’ j 
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S cy1 la c Facility Authorized 

The AEC was authorized, during J ~ l y ,  to build cz new contmltai 
thermonuclear research facility (to be known as Scyllac) at tile IAB 

Alamm Scientific La.boratory (LASL). Its mnstruction is in msww 
to general agreement that theta-pinch pulsed systems pml-ide a yeT 
important method of studying the behavior of t~1ermonuclear plasnr3- 
or very hot gases. The first successful demolistration of a co1\trc,l\,.,; 
fusion reaction was achieved in 1959 in a theta-pinch apparatus kTltrarm 
as Scylla I a t  LASL. Since t>hat time, there have been four po\yerf,.* U .  

theta-pinch devices developed at LASL. The largest one, Scyll:i I\-* 
has operated since 1963. The basic limitation of Scylla 117 and Oiilc.: 
short linear theta-pinch devices is the ~ O S S  of plasma out of the eIid- 
of tlie coil. The proposed new Scsllac experiment will attempt to It- 
duce these end losses significantly. It will permit more meaningf:;? 
studies on controlling the instabilities of plasmas. The objectiye of tiP 
,4EC's controlled thernionuclear program is to attain a sudiiir~pii 
fusion reactioil which, like atomic fission reaction, can produce hl%i 

tlo generate electricity. 

Proposed National Accelerator Laboratory 

The proposed National Accelerator Laboratory, to be located I: 
Veston, Ill., will hare the world's largest accelera*tor capable of p- 
ducing the highest energy ptxrticles. The acceler&or is being ciesip5.: 
by a group of accelemtor specialists employed by the Univefiitie 
Rosearch Association, Inc. (URA) , a prime contractor for the AIT 
A highly ingenious and economical design bas evolved in ahich t b  

functions of bending tlie proton beam around the circular orkd gf.- 
focusing it to confine it vitliin the vacuum chamber are carried 
by separate types of magnets. This $pe of accelerator makes it4 psihi. 
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uce the cross-section and weight of the magnets substantially 
those required for conventional “combined-f unction’? acceler- 
Thus, it may be possible for this accelerator to go beyond its 
energy of 200 Bev. to  400 Ber. or more, if provided Kith more 
Plans for experimental use are centered around the idea of 

ing the circulating proton beam and transporting it in a 
t line away from the accelerator to adjacent target areas. 

$oLOGY ~ AND MEDICINE 
There is an urgent requirement for better understanding of the 

nisms, and implications of the interaction of radia- 
cal systems. Further, scientific guidance for control 
diation can be extended and refined if the basic data 

nd. Finally, important life science problems are being resolved 
f radiation and byproduct materials (radioisotopes). 

’s biomedical research program is directed toward these three 

ne AEC’s biological, medical, and environmental sciences research 
conducted under more than 650 contracts. These contracts support 

at  nearly 250 universities, colleges, other nonprofit research in- 
xi +utions, commercial research organizations, and other Federal agen- 
*B, A good portion of the work is centered in major AEC 
>tallations, such as Argonne National Laboratory and Argonne 
’acer Research Hospital, Chicago, Ill. ; Brookhaven National Labo- 
r:ory, Long Island, N.Y. ; Lawrence Radiation Laboratory, Berkeley 
JdLivermore, Calif. ; Los Alamos Scientific Laboratory, Los Alamos, 
Mex. ; Oak Ridge National Laboratory, Oak Ridge Associated Uni- 
gsities, and the University of Tennessee-AEC Agricultural Research 
iboratory, at  Oak Ridge, Tenn. ; and Pacific Northwest Laboratory, 
,chland, Wash. 

RECENT ADVANCEMENTS 

The SEC‘s bioniedical research is unique in that  much of it must 
-ncern evolving elementary information about the life processes 
mselves before the radiation effects studies can begin. Thus, these 
&-sponsored studies are providing new information that may not 
msarily be associated Kith the nuclear energy field. A number of 
*recent, interesting findings made recently under AEC sponsorship 
-3 included here in “highlight” form ; these, and other, findings are 

fully described in the supplemental report, “Fundamental Nu- 
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Selected Beneficial Applications 

Techiques have been perfected to synthesize human insulin frt: 

-ea: 
the first time. The perfection of such techniques is an important 
in efforts to understand body processes and opens new a 
research on diabetes. venues f* 

e Technetium-99" a radioisotope, has been shown to be as useful 
radioactive iodine-131 in the diagnosis of abnormal conditions of b 
thyroid gland. Retention of technetium-99" in the kidney has 

-+ 

3 See footnote 1, p. 251. 

Zonal Centrifuge Research. Research in the use of the centrifuge in dewh:eg 
purified vaccines is being conducted at the AEC's Oak Ridge National Labomtw 
(ORNL) in a joint effort with the National Institutes of Health. Vaccines PW 
fied br centrifuge can give improved protection against diseases by elimimtks 
many side effects and permitting multiple vaccines to be given in a single 
lation. Photo at Zeft shows an ORNL scientist operating a centrifuge contamt;l 
a new experimental centrophoresis rotor. Centrifugal force stabilizes the P d i e E :  
while a n  electrical current fractionates serum into its component protekx fa 
right photo a technician records the results of a complement fixation test U S ~  !' 

locate tumor antigens which were isolated by zonal centrifuge technWE- 
uses of zonal centrifuges for medical research is an outgrowth Of earlier x'd 
done a t  the AEC's Oak Ridge Gaseous Diffusion Plant on the use Of centrif'&- 
to separate uranium isotopes. 
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ed to be a useful characteristic for making good scans without 
high radiation dose to  the kidneys. 
cent work with okra plant seedlings has shown that lower doses 

fldiation from neutrons are required to reduce growth comparable 
the reductions induced by higher doses of gamma rays. 

0 A newly developed scanning electron microscope has achieved a 
highly magnXed photographs of living flour beetles. This 

the first times that living organisms have been 
by electron microscopy. 

easurements of energy deposition in sample targets which 
0 living tissue (ten-millionths of a centimeter thick) indicate 

maximum of 100 to 110 thousand electron volts of energy can be 
ted by energetic protons in a cell one ten-thousandth of a centi- 
in diameter. This is about 20 percent more than previous 

bnrer Research 

o Implants of radioactive chromium wire introduced into cancer 
rtients by means of a special injection ‘‘gun)) have had results prom- 
&g enough to deserve more attention. 

@ Needles containing californium-252 show some promise of becom- 
g a new method for treating cancer. Dose rate measurements are 
at underway before biological studies begin. Patients will not be 
atsd until preliminary trials in animals show this to be a safe 
hique.  

hatic Effects of Radiation 

0 In tests with germ-free mice, investigators have found that the 
hnce of detectable micro-organisms does not increase the maximum 
wh of life, but does increase the number of mice reaching “old 
3” This suggests that aging cannot be prevented by exclusion of 
’:ro-organisms from the environment. 
0 9 bovine herd is under a lifetime study to observe the effects of 

$ation on: (a )  fertility; (6) growth and viability of the calves; 

50 I 0 4 5 0  
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(e) patliological response in the COWS; and ( d )  performanw of ~ 

offspring by sire groups. Information acquired to date d 

Or'rrlan, 

Oes not &&' onstrate that whole-body irradiation ah levels of 200, 300 - if 600 roentgens has had an effwt on the total reproductive perf ' 4@ an2 

of this herd. 

Toxicity of Radioelements 

Combating Radiation's Detrimental Effects 

0 I n  tests of tlzree chemicals for reduction in dose factors? )l~*\ 
(mercaptoethylamine) was superior to the others in protecting 
from lethal irradiation of the head region while the rest of ~i 

body was protected by a lead shield. 

Radiation Genetics 

Better synchronization of stages in a cell's cycle during perk& 
of pre- and post-deoxyribonucleic acid (DNA) synthesis has b s= 
tained in cell cultures. With these refinements, it has been noted ck 
most responses to X-ray vary greatly depending on the stage of CY 
cycle at which the cell is irradiated. 

TVorB with plants has shovn that a direct proportionalit? c&-= 
between the radiosensitil-it y of herbaceous plants and the  TO^%@ 
the chromosomes at the iiterphnse stage of division in the c& 
such plants. Continuing work extended to other forms of life, nq-s 
from rinises and bacteria to the higher animals, has  no^ sholyn 

Radhbiolog 
gQloO laborator1 
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~ u d i o b i o l o g g  Studies. In Brookhaven National Laboratory’s plant radio- 
.loa laboratory (above)  the effects of varying doses of radiation on plant 

,tprials are studied both on the macroscopic and microscopic scales. Such 
-dies are leading to an increase of knowledge of plant genetics and the mecha- 

of mutation production. The controlled environment facilities in the new 
lanr wing include a number of “reach-in” growth chambers (be low) .  The 
lmberS shown here a re  located in  the non-radiation control area where plants 

-er be grown under various controlled environmental conditions including tem- 
nture, light, day length, and relative humidity. Minimizing the fluctuations of 
:+ govth enrironment permits more precise measurement of plant responses to 
.3rtic and physiological stresses. Yarious plants or other organisms may be 
gdiated, treated with chemical mutagens, etc. and then grown under the de- 

conditions during extended observation periods ; or control plants may be 
--m under conditions identical to those for plants under continuous irradiation 
- 8  chamber in one of the shielded radiation rooms. Intricate alarm systems have 

2 1  

C. 

designed to bring immediate attention to any chamber malfunctions. 
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(a )  similar relationships betx-een cliromosome volume 
Q d  p&i. sensitivity exist ; and ( 6 )  that these relationships call be 

sify all the forms studied thus far in seven distinct groups. 
* i s *  

= 3+ 
used tc, 

Molecular and Cellular level Studies 

Environmental Radiation Studies 

0 Translocation and accumulation of DDT labeled with a 
active isotope have been studied in a freshwater marsh. Results hare 
shown that DDT is rapidly translocated through the marsh ecowstmk 
and is rapidly accumulated by many organisms of which aquatic plant5 
are the greatest accumulators-taking up, within 3 days, 3,000 time 
the concentration applied initially. 

0 Radioactive labeling of ticks has been achieved and the method 
is giving promise of being a useful technique for studying the transfer 
of a number of diseases that plague mankind. 

Atmospheric Radioactivity and Fallout 

A new high altitude rocket sampling system designed and 
developed by the AEC and the Department of Defense marks 3 sipif-  
i c m t  increase in the altitude range over that attainable b_~.  bdlmc 

5 0 1 0 4 5 3  
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ling for atmospheric radioactivit,T. An option in sampling 
es a l l o ~ s  selection of one of three essentially equal altitude 
nts between 150,000 and 250,000 feet or an integral sample 

rom a minor fraction of fallout to the 
isotopes since the 1961-62 nuclear tests. 

study of the transfer of iron-55 and its concentration in the 
bere is of interest because iron is an essential element to many 

SDS and it is easily measured in almost all living organisms. 
radiation associated with the iron-55 decay produces an 

mely small radiation exposure as compared even with the normal 
,jSiurn-40 content of the body. 

meoretical studies of smoke plume rise have led to conclusions 
mostly upon buoyancy and momentum, and only 
perature of the surrounding air. 
atmospheric tracers using aircraf t have shown 

eected limitation on the upward plume growth when there is 
mer air above. The effects of terrain variations on the plume 
&h have been observed. Mixing caused by mountains masks the 
- 3 g  from ordinary surface roughness and that due to convective 
<irity, and the usual seasonal and day-to-night differences in  con- 
gtrations are considerably reduced. Deviations in plume paths over 
-- "re distances as a result of large terrain obstructions have also been 
srved. 

giconductor Detector Applications 

0 ,4 technique has been developed to determine the depth of plu- 
i u m  contamination in a wound and an in vivo probe has also been 
,reloped for use in surgical removal of embedded plutonium. 
I Miniature semiconductor detectors have been developed for the 
::pose of studying blood flow in the interior of the brain. They 
ire been semipermanently implanted in the brains of experimental 
&als, and after injection of radioactive rare gases, clearance pat- 
rn of the radioactive material giire valuable information about 

0 A semiconductor detector probe has been developed with which 
.boundaries of brain tumor sites can be determined more accurately. 

circulation patterns in the vicinity of the detectors. 
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NEW BIOMEDICAL RESEARCH FACILITIES 

- o m 4  til, 
Construction was completed on three neK Government 

medical research facilities during the year. 

Virus Control laboratory at ORNL 

c7 
c3 

u 

florghurn Plant Study .  The relationship of moisture in soil to  the uptake 3- 

dioactive cesium-137 is being determined at Oal; Ridge National Laboratov i: 
experiments with sorghum plants. A series of tensionmeters (center left. of ft ‘8 
photo) are used to measure the moisture content of the soil surrounding thf* IJIBL~ 

roots. Plants are embedded in soil containers ( r ight  photo) divided into tn-0 c k = -  
bers separated by a thin was  membrane. The membrane is impermeable to KBW 
but easily penetrated by roots into cesium-tagged vermiculite and sand. -At 
fied intervals, samples of the plants are counted for cesium uptake. 

- 
J= 
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or activation of disease-causing micro-organisms. Laboratories 
cilities adeqm~tely designed for cont niiiiiient of disease 
hogens) are now arailable foi- testing of animals 
tside yenctors as well as  those raised at ORSL. Isoln- 

&ties are also arailable for anaylsis and control of unespect ed 
lth problems as they arise. The nevi- facilities r i l l  help t<o 

complicating nutritional, toxicological, met ah l ic?  and micro- 
factors. It will now be possible to investigate diseases occur- 

the present animal facilities efYective1-j- separated from 
containing laboratory animals which are involved in 

and short-term experiments. 

&ion to Co-Carcinogenesis laboratory 

ximately $500,000 addition to  the co-carcinogenesis lab- 
ORNL is nearly complete. It has been designed to receive, 

control mammalian species for use in research on the 
cer. Since these animals must be free of specific disease- 

ing organisms, they are delivered in controlled environment con- 
hers and enter the building through an air lock in a receiving cell. 

fieri received, the new animals will spend a quarantine period in a 

gen-free mice are extensively used in co-carcinogenesis 
other radiobiological research programs. This removes 

threat to the experiment which might result from the development 
ddisease during its course. Disease would mask or distort the ex- 

Its. Pathogen-free animals are used to assure that any 
d deviations from normal are the results of the experiments. 

larly important when the experiment is expected to 
mduce only minor changes in the mice. 

%ria b I e Dose - Rat e I rra d i a t i o n Fa c i I i ty 

4 A variable dose-rate irradiation facility has been completed at a 
-1 of $193,000 a t  the University of Tennessee-AEC Agricultural Re- 
arch Laboratory a t  Oak Ridge, to  provide a means to irradiate 
&als under controlled conditions. 
The facility consists of three areas: an irradiation room, an en- 

mce maze, and a control room. The irradiation room houses six 
3balt-60 sources with their operating mechanisms for use in variable 
iB-rate irradiation studies. The maze provides radiation shielding 

- - 

- 

-‘A study of the interaction of viruses, radiation, and chemicals in causing cancer in mice. 
% Program is supported jointly by the Sational Cancer Inst i tute  of t he  h’ational Insti- 
zb of Health and  the AEC. 

5 i  I t S 4 5 b  
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and a means of access to the irradiation room from the outside. ~~~ 

control room houses the instrumentatioll and control mechanisn,R 

late niortality of laboratory animals exposed to gamma and x . 
&ions. Irradiation of snirnals similar to, or larger than 
been limited because of expense. The need, therefore, is to 1 
about the effect of dose-rate in such species. 

Dose-rate has also been established to be a significant factor i.. causing mutations, changes in genetic material, embryonic malf 
tions, and lowered fertility or sterility of both sexes in small 
Limited studies with large animals indicate that the dosesrat, coy,. 
tributes to the effect of radiation on the biological defects noted abfg 
The degree and sequence of effect, in some respects, do not appear tr 

coincide with those of small anhals .  
This new facility should contribute to the flexibility of resar& 

projects in obtaining data on large species of mammals KhicIl n-otljd 
have application in the field of human radiobiology. 

the operation of the f acility. c** 

Dose-rate has been established as a sipificant factor in 
ar,,, 

earn rnQQ 

-W& 
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$* &cy set forth in the Atomic Energy Act is that the development, 
and control of atomic energy will “be directed so as to make the 
UM contribution to the general welfare” and “strengthen free e -apetition in private enterprise.” Accordingly, the development of 

;@()g, competitive, commercial, nuclear industry has been a major 
;jective of the AEC, particularly since passage of the Atomic 
.erg Act of 1954 which permitted private ownership of facilities 

- 9? 

8s reactors. 
-4- 

iuCLEAR INDUSTRY GROWTH 
During 1967, the nuclear industry took important additional steps 
.sard maturity as orders for nuclear-electric generating equipment 
-?re placed at an even faster pace than in precedent-setting 1966 when, 
.r the first time, orders for nuclear units approximately equalled 
ders for fossil-fired units.l 

GROWTH INDICATORS 

The surge.to nuclear power for electric generation led to a series of 
:ions by industry designed to meet the rapidly expanding demands. 
-jurmajor growth indicators were : 
:I The major producers of nuclear steam supply systems who have 

been successful in selling to electric utilities on a competitive basis, 
announced plans for substantial expansions of their nuclear pro- 
duction facilities. - 

‘for a complete report on the private atomic energy industry, see “The Nuclear Indus- 
--1967,” prepared by the AEC’s Division of Industrial Participation and available from 

Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 
492, for $1.00. 

P sr? I O b 5 8  271 
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reserves. 

Competition in the Nuclear Industry 

I n  developing policies governing the furnishing of nuclear-as%:. 
ated services to  the public and in the execution of its regulatorr E- 
sponsibilities under the Atomic Energy Act of 1954, as amendeJ? tfie 
AEC performs functions which have a profound effect on the statw 
of the nuclear power industry. It is also clear from provisions of the 
Act, that .the *4EC is expected to carry au t  all of its activities in a 
manner consistent with the antitrust laws as administered InF the 
Department of Justice. 

lndus fry Sfudy. To assist the Commissioners and the Department of 
,Justice in fulfilling their responsibilities under the *4tornic Energ- 
Act and antitrust legislation, the two agencies are working on a job! 
project of examining all aspects of competition in the new and de-ielop- 
ing nuclear industry. Under an AEC contract, ,4. D. Little, Inc., of 
Cambridge, Mass., is making a study of competition in the nuclar 
industry to assist the project. For the purpose of the stud.* tfie 
nuclear power supply industry is deemed to consist of those firms en* 
gaged in the business of supplying reactors, react or cornpnents 
nuclear fuel, or other products and services associated vith the dkF- 
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tw Facilities. The a b w e  is an artist’s concept of the General Electric Co,’s pro- 
$& Midwest f i e 1  Recovery Plant which will be located adjacent to the Com- 
-.onwealth Edison Co.’s Dresden Nuclear Power Stations near Morris, Ill. 
.onstruetion is expected to s tar t  in 1968 with test operation planned for 1969, and 
,pmercial operation following in 1970. Below is an  artist’s drawing of General 
lectric’s second atomic power equipment production site now under construction 
Qr TTilmington, X.C. The multinlillion-dollar plant will initially have three 
gjor facilities totaling more than 500,000 square feet of manufacturing floor 
:ace. I t  will be producing nuclear powerplant equipment and nuclear fuel for  
enera1 Electric’s boiling water reactor nuclear systems by early 1969 to meet 
l e  needs of rapidly growing nuclear power industry. This will more than triple 
ment production capacity of the G E  Atomic Power Equipment Production De- 
artment’s plant in San Jose, Calif. 
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Broadening Competition Indicators 

Some indications of broadening competition in the nuclear - 
are given in the following paragraphs. 

Power Reactors. Although the larger part of reactor orders COntinliF 

to go to General Electric and Westb&ouse, the portion of tile Iliay~ti, 

secured by Babcock & Wilcox and Combustion Engineering ro% 
%. zero in 1965 and 23 percent in 1966 to about 30 percent in 

(see also Appendix 5-Central Station Nuclear Powerplants). Ir, 
pi’ *a. 

Division of North American Rockwell Corp. continue to be pro?.-* 
tive suppliers of advanced converter and breeder reactom. 

Feed-Material Conversion. Kerr-McGee, one of the larger supplieF 
of uranium concentrate (u308) for reactor fuel, has announced 
to build a new facility near Sallisaw in eastern Oklahoma to COnreE 

U,08 to uranium hexafloride (UF,) , ;the feed material for t h e  ?e%>;. 
diffusion plants which enrich uranium in the fissionable uranium-:,-- e& 

(U235) isotope. The new facility Ti11 provide competition for the 
existing private plant of this type, at Metropolis, Ill., oxned by iilliki 
Chemical. 

Reactor Vessels. Chicago Bridge and Iron CO. (CBkI) announcc2 
plans to  enlarge a plant it is constructing at Memphis, Tenn., tr. 
provide for shop fabriclation of reactor vessels. C B H  which is tu- 
rently field fabricating a reactor pressure vessel near the RiIonticdio, 
Minn., nuclear plant s i h  mill become the third shop fabricator. 
Babcmk & Wilcox and Combustion Engineering were the first c ! q  
fabricators of these vessels which range in size up to more thui 7 -  
feet high and 20 feet in diameter with walls more than 1.3 i n i - i i t -  

thick and weighing over 600 tons. 
Zirconium Tubing. Fuel for light water nuclear power reactors L 

usually in the form of uranium oxide (UOz) pellets encased in z k  
calov tubing. L4niss Specialty Metals, Harvey Aluminum, Xewrirr 
Met&, Superior Tube, and Wolverine Tube &e the current ~upp1ie” 

jointly omed  subsidiav of Sandvik Steel and United Nuclear) stank 
construction of a new zirconium tubing mill near ICenneflick 
Westinghouse announced plans to construct a similar mill at Blaif- 
rille, Pa., and General Electric is building a comparable facilitF at 
new nuclear fuel fabricating plant near Wilmington, N.C. 

‘ndus r-. . i  

addition, the Gulf General Atomic Co. and Atomics 

LJrl 
-, -- of zirconium tubing. During 1967, Sandvik Special Metals corps Is 
- 
i- 
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cfor f vel Processing. Future competition in the processing of 
fuels appears assured. One private processing plant (Kuclear 
Services at West Valley, N.Y.) is in operation, and fire others 

Electric, Allied Chemical, National Lead, Atlantic Richfield, 
ulf Oil) are planning or considering similar facilities. (See "Fuel 

&ing" section in Chapter I-Source and Special Nuclear Ma- 

~,oOPERATION -* WITH INDUSTRY 
- - 

Forking toward a strong, viable, commercial nuclear industry 
communications between government and industry, between the 

ral and State Governments, and within the industrial community 
been essential. 

INDUSTRY ASSOCIATIONS 

The ,4EC has maintained good channels of communication with 
justry through frequent meetings with leaders of industry associa- 
,,,s that have active interests in the nuclear field. For instance, the 
,missioners meet frequently with the Board of the Atomic Indus- 
+:$1 Forum (AIF) .  Forum committees meet with the AEC staff. 
5eje meetings provide for a free and informal exchange of views on 
pkrs of mutual interest and cover a wide range of subjects including 
a- Y AEC's research and development and regulatory activities. 
Other associations provide important, though more specialized 

mels  of communication between the AEC and industry. These 
4ude the Edison Electric Institute, Chamber of Commerce of the 
-i, Manufacturing Chemists? Assn., and American Public Power 
a. 

dear Instrument Manufacturers 

After more than a year of organizational effort, the Association 
iSuclear Instrument Manufacturers (ANIM) came into full oper- 
ion in January 1967. ANIM member companies produce nuclear 
aments  and related equipment for application in the physical 
ma, biological and medical sciences and industry. The objectives 
'.XXIM are to stimulate the growth and profitability of the industry 
-vugh improved relations Kith the Government and the public, 
4 development of industry statistics and standards and the promo- 
2 of international trade. Twenty companies representing approxi- 

284-472-68-19 5 0  I V t b 2  
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mutely 75 percent of the industry have joined the - 4 ~ 1 ~ 1  Tl 
staff is working closely with AKIM in identifying and ' e ~ ~ ,  . * le 2\j.-f -. 

potential industry problems. 112: 

Science Information Exchange 

REGIONAL SUPPORT ACTIVITIES 

Interst ate compacts provide a means of coordinating regioiid c f ~ ~ 3 -  
in the nuclear field permitting activities on a regional scale that CWI$~~ 

be difficult for an individual State to support. 

Southern Interstate Nuclear Board 

The Southern Interstate Xuclear Board (SINB) coordimc- t %  
~ efforts of I f  Soutlieni States in nuclew and aerospace nctivitim 

serves as  nil iili1m.t ant comniunimtions link betwen the ' 

the southern conimuiiity. One of the important activities of the $1 
lias been the  spnsoo'ing of seinina1.s in cooperation with the -\kt 
for the puibpose of informing southern leaders on various 11u~ = 

matters. TKO seiiiinars were held in 196: : one 011 food irradi:lti():- 

t7 
- -- 

1 3  

G= 
F;T 
cc ' Composed of nwnlber States of the  Southern Governors' Conference : Alabama. -'rb'g. 

Delaware, Florida, Georgia, ICentuck;v, Louisiana, Maryland, niississippl, 5fiSB0nFL 

Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and  West yirginh' 
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Ridge, Tenn., in February, and one on fuel reprocessing in 

objectives of the SIKB liare been to help foster the sound devel- 
nt  of nuclear energy in the South, to help the States meet the 

ring influence of nuclear energy in nex fields as well as in tradi- 
f State responsibility, and to develop a balance of 

responsibility between the States and the Federal 

fdll - nust%, ~ a . ,  in &lay. 
\I15 

- 
3 

her Interstate Compacts 

Tile Midwestern Governors' C~nference,~ and the Western Gov- 
pofi Conference have taken initial steps toward forming nuclear 

acts. I n  general these are modeled after the Southern Interstate ,imp 
CJclear Compact under which the SINB was formed. 

Midwest compact was endorsed by the Midwestern Governors 
,1966, and enabling legislation has since been introduced in three 
?, .Jte legislatures. A western compact was endorsed by the Western 
dcernors at their annual conference in June 1967, and LZ final draft of 
3compact is now ready for appropriate action by the individual 
-.Ates. 

1011. - 
'(''' :Representing : Illinois. Indiana, Iowa, Kansas, Kentucky, Afichigan, fifinnesota, Nissouri, 

draska, North Dakota, Ohio, South Dakota, and Wisconsin. 
+Representing : Alaska, Arizona, California, Colorado, Hawaii, Idaho, nlontana, Nevada, 
-6 Yexico, Oregon, Utah, Washington, 'CT'goming, Guam, and American Samoa. 
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I ADMINISTRATIVE 
AND MANAGEMENT 
MATTERS 

Surveys showed a continuing increase in the number of people em- 
.],!red in the atomic energy industry. Efforts to strengthen the eco- 
 a ai^ base of communities dependent upon local AEC operations con- 
,ued during the year. Two production facilities no longer needed by 
.?*EC were turnec! ox-er to other Federal agencies with a minimum 
;disruption to local employment. Transfer of the Los Alanios com- 

and sale of government-owned real estate neared completion. 
;EC sought public comment on the establishment of a standard rec- 
-is and reports system for radiation workers. During 1967, and for 
,?sixth consecutive year, more than 43 percent of the ,4EC's subcon- 
jCts vent to small business concerns. 

fMPLOYMENT D A T A  
During the past few years, significant program changes and tech- 
11 developments have affected employment in the atomic energy 

Ad not only on AEC contract operations but also in private industry 
tirities. Each year the U.S. Bureau of Labor Statistics conducts a 
,res of industrial establishments for the AEC of employment in 
-?atomic energy field. The 1967 survey showed : 
' 1  Atomic energy employment among 498 reporting units of Govern- 

ment and private and some nonprofit establishments totaled 
137,750 as of March 1967, compared to 136,929 in March 1966. 

il Emplopent  in 69 Go\-ernment-owned facilities totaled 102,293, 
8 decrease of 0.8 percent belov the March 1966 employment figure. 

;I dtoinic e n e r n  en ip lopent  in 499 units of private industry and 
nonprofit establisliments totaled 35>457, an increase of 4.7 percent 
Over ?rlnrch 1966. 

27'9 



1967 Lawrence Awardees.  Six young U.S. nuclear scientists, including nt mas unable to attend the presentation cerenionies in 1'&G, received the p,.. E , I  

Lawrence Memorial Award from the Atomic Energy Commission on L . I j r i t  1': 
Each of the scientists received a check for $Z,OOO, a citation, find a gold mrd;i- 
The AEC presents the award upon the recommendation of its General Aidvj,, 
Committee and with the approval of the President. Those receiving the 1%; aKse 
and their citations mere, l e f t  t o  r ight:  Dr. Allan F. Henry,  Manager of R~~~~ 
TheorF, Bettis Atomic Power Laboratory, Westinghouse, Pittsburgh, 
his many original and  important contributions to the physics of mater reneon 
and the theory of reactor kinetics, a n d  their application to the development 
pressurized water reactors for naval and land-based nuclear power systea:. + 

Dr. dlurray Gell-Mann, Professor of Physics, California Institute of Tep]lntt16,z: 
Pasadena, Calif., who was unable to attend the 1966 presentation--"for b:. 
contributions of the highest significance to  the theory of elementary  pa^ * 

and for the exceptional stimulus he has  provided to experimental and theoreti-: 
work in  the field of physics." Dr. Robert N .  Thorn, Group Leader in the Thwp 
tical Division, Los Alamm Scientific Laboratory, Los Alamos, N. Mes.-*l.-: 
his eminent role in initiating and  conducting theoretical studies of thermonucles: 
weapon design, for his outstanding performance in adapting results of theowtic 
studies to  practical device designs, and for  his investigations of the efftd- r-' 
particular requirements of our defensive nuclear weapons." Dr.  John 0. Ratn;ri. 
sen, Senior Staff Member, Lawrence Radiation Laboratory, Professor at 1 Li 
versity of California, Berkeley-"for his outstanding contributions to  the L**':rz 
understanding of nuclear structure by his imaginative esperimenal and 
retical studies." Dr. Mortinzer M. Elkind, National Cancer Institute. S~ti~'a 
Institutes of Health, Bethesda, h1d.-"for his outstanding contJ?bUtiofi' 
radiobiology and the understanding of cellular recovery from radiation 
Dr. John U .  Googin, Technical Assistant to the T-12 Plant Superintendent. 
Carbide Nuclear Division, Oak Ridge, Tenn.-"for his outstanding contribuu13=' 
in the technological developments of processes for hafnium-zirconiw and l i ~ =  
isotope separations." 

AI 
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ble I shows a distribution of employees by se,o?nents of the atomic 
field for Government owned and privately owned establish- 

ts in March 1967. Appendix 10 summarizes the 1967 survey by 
iled occupational employment, the first such detailed collection 

= ~ ,DISTRIBUTIOX' O F  EXIPLOTEES I N  ATOMIC ENERGY WORK BY ECOEOhIIC 
-'@ '' SEGMENT AND BY OCCUPATIOXAL CATEGORE7-3L4RCH 1967 

~ - 
Total Science 

matics 

Segment Number employ- Engi- and Tech- All 
units ment nee= mathe- nology other 

ria& production . . . . . . . . . . . . . . . . . . . . .  
n of special materials for use in re- 

@ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
de]ement fabrication and recovery activities- 

and reactor components, design and 
cturing------------------------------- 

and engineering of nuclear facilities__--- 
r operation and maintenance------ 
wsste disposal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
nunent manufacturing- - _ _  _ _  - _ _ _ _ _  

+jng and packaging radioisotopes- - _ _ _ _ _ _  
Qde sccelerator manufacturing _ _ _ _ _  - _ _  - - - - - 

research laboratories I---_ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
.&-ion laboratories and research facilities- 
9 d ~  energy defense production facilities- _ _  - 
- ~ t < i l  radiography _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-- 

& 

15 
11 

20 
15 

44 
43 
18 
7 

71 
30 
10 
52 
26 
17 
43 
76 

498 

1,962 12s 
i. 480 570 

1,350 114 
3.883 475 

14,238 4,385 
6,037 2,497 
1,026 182 

34 1 
5,615 794 

824 42 
1,018 152 
2.074 529 

51,670 8,160 
31,063 2,697 

559 53 
8,917 932 -- 

137,750 21,711 

0 
461 

45 
158 

978 
118 
18 
6 

291 
240 
44 

630 
8,326 
1,399 

3 
310 

13.137 

134 1,610 
926 5,503 

244 947 
559 2.691 

2,596 6,279 
1,501 1,921 

208 618 
6 21 

1,740 2,790 
287 255 
227 595 
647 268 

10.470 24,714 
3,051 23,916 

434 69 
766 6,909 

23,796 79,106 
-- 

.~ncludes nonprofit establishments. 

AEC CONTRACTOR EMPLOYMENT 

In November 1967,40 AEC prime contractors who operate facilities 
med by the Government employed a total of 106,623 persons. This 
+tal is comprised of 40.9 percent production and related employees; 

SCIENTIFIC ANI? EWGINEERING EIIPLOYMENT AS A PERCENT OF 
FEDERAL AND AEC FULL-TIME EMPLOYMENT 1957 - 1966* 

1957 

1966 

6 4 1 0 0 1 2 3 
E M P L O Y E E S - T H O U S A N D S  E M P L O Y E E S -  M ILLIONS 

* 5% I 0 li t. 1 A V A I L A B L E  F I G  
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3 
23.4 percent clerical and related emplo~ees; 19.5 percent 401,. 9 

supervisory scientists and engineers ; and 16.9 percent executiTk, 
administrative, and other professional personnel illcludillc, - f 

visory scientists and engineers. b SUp, .  

* 

COMPARISON OF TOTAL PAID AEC AND CONTRACTOR EMPLOYMENT 
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the 860, about 22 percent were "rehires" from the 1966 program. 
rosimately 46 percent were in minority groups and 29 percent If 

Jpt Negroes. College students made up 55 percent of the employees, 
~ '-'' ,rcent were high school graduates, 9 percent were high school 
2 P 

~ $bout 69 percent of the total were males, and 43 percent of all were 
dents, and 2 percent were high school "drop outs." 

'seen the ages of 16 to 18, and 57 percent were 19 to 22. 

:'11 

I Employment Opportunity EP 
igc on-site compliance reviews of Government contractor f acil- 

wider Executive Order 11.246, continued at a rate of approxi- 
,:le$ 
318tely 600 a year. In addition, reviews were made a t  most of the large 
,o~ti-facility corporations assigned to AEC. 

The contractor compliance program continued to emphasize use of 
CiJized sources of minority group job seekers, including the Job F- corps, Office of Economic Opportunity community action programs 

3nd Department of Labor training programs. In-plant training activi- 
is, including apprenticeships, mere expanded. Hiring and promotion 
4andards, particularly educational requirements and tests, are being 
,lamined to determine validity and need for modification. 

~ Special efforts were initiated with State officials, contractor groups, 
'3bor organizations, and community leaders, to  lay the groundwork 
for an effective affirmative equal employment opportunity program 
:I connection with the proposed construction and operation of the 
Xotionsl A4ccelerator Laboratory a t  Weston, Ill. 

LABOR RELATIONS 
Of the 106,623 employees of the 40 prime contractors a t  government- 

!med facilities, approximately 29,500, or  27.6 percent are represented 
21 labor unions : 

Approximate 
Union organization representation Percent 

lfletd Trades Council (AFL-CIO) _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  - _ -_  - _ 
)I, Chemical & Atomic Workers Intl. Union (AFL-CIO)_- 

9,740 33. 1 
5,840 19. 8 
3,365 11. 4 
1,875 6. 4 
1,485 5. 0 

24. 3 7,163 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  29,468 100.0 

hernational Association of M acbinists (AFGCIO)  - - - _ _ _ 

&e Employees International Union (AFL-CIO) _ _ _ _  _ - _ - 
Jscellaneous guards unions (independents) _ _ _ _ _  - _ - - - - - - - 
lucellaneous unions (excluding guards) _ _  _ - _ - - - - _ - - - - - - - 

I(. 

3 1 .  

, .  
1; iJ q 



Supplemental Test Site in Nevada 

New Contract 

As of mid-December 1967, negotiations involving labor agreclllc.lt: On July 5,  
renewals or reopening provisions had been completed by AEC 0Iwrai’- g Co. for opera 

plant in placc ing contractors for 43 organized units. Of these negotiations, 3t) W ~ R  

selected in 19 concluded without work stoppages. 
About 189,000 man-hours were lost in operations and in constnicti(rT: by the AEC t 

Atlantic Ricl during the January to mid-December period. Most of the t h e  ic1-r 

facility and involved : 
( I )  A. 37-day strike (23,272 man-hours) at the Nevada Test Site in- Richland are 

volving drilling crews of Reynolds Electrical and Engineeris: financial sup1 
Co. who are represented by the International Union of Operating for Graduate 
Engineers ; nuclear busint 

‘See P. 107, ‘ 6 ~ ~  

Contract Renewals and Work Stoppages 

?s 

d 

- 
1 The unions signatory to the project agreement are : Teamsters, Ironworkerst Cemrzr 

Masons, Carpenters, Laborers, Operating Engineers, Pigefitters, Electricians, Painters* 
Netal Workers, and Roofers. 4 - - 

3 - 

d 

a See Pp. 27-28, 
- - 
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A strike of about 18 days (21,183 man-hours) by bus drivers of the 

f 

malgamated Transit Union who are employed br  Idaho Nuclear 
COT. at the National Reactor Testing Station, Idaho; 

strike involving the Building Service Employees International 
union at Argonne Kational Laboratory lasted about a reek 
(19~960 man-hours) ; 
A strike against Douglas United Nuclear, by the Hanford Atomic 
@tal Trades Council, which began on September I and con- 
hued through December 12, accounted for 104,969 man-hours of 
lost time. The dispute affected Hanford’s ‘W” reactor. 

~IVERSIFICATION AND TRANSFER 
During the year, the economy of the tri-cities area of Richland, 

’@@, and Kennewick, Wash., continued to grow and to diversify 
flugh the cooperative assistance of the AEC and its contractors. 
itr diversification plans mere announced, and a major AEC project, 
*3,c~nstruction of the Fast Flux Test Facility, was announced for 

area. The AEC’s diversification program began in 1964 when the i c  announced plans to change its Hanford Works operation from 
Jngle-contractor to a multiple-contractor basis and to assist the 

lEe cities in establishing an economic base that is less-dependent on 
:e AEC’s Hanford facilities. In selecting new operating contractors, 
<asideration has been given to private activities which the contractor 
%posed to bring into the area. 

*W Contractor a n d  New Diversification Plans 

On July 5, 1967, the AEC announced selection of Atlantic Richfield 
9, for operation of the chemical processing facilities at the Hanford 
kt in place of the joint venture firm, Isochem Inc., which Bad been 
-.ected in 196L3 It was mutually agreed to by both the company and 
-the AEC to conclude the contract. The diversification activities of 
Aantic Richfield include construction of a resort and convention 
-4ity and a meat-packing and cattle feedlot operation in the 
Aland area, establishment of a local investment company, and 
:ancia1 support of an annual seminar program at Richland’s Center 
r Graduate Study and investigation of the potential for commercial 
.clear business in the tri-cities area. Atlantic Richfield formed a new 

i ‘&e p. 107, “Annual Report t o  Congress for  1966.” 
‘see pp. 27-28, and p. Sl, “Annual Report t o  Congress fo r  1965.” 

5 0  I O 4 1  I 
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N e w  Research Center. The first phase of the Battelle-Korthw?St laboratotf 
complex near the AEC’s Hanford Works was dedicated October 27. The 
four buildings (above )  cost $4.3 million. Battelle, which operates the 
Pacific Northwest Laboratory a t  Elanford, has @mm~nced it will spend Dl 

ich mifion over a 10-year period on its private research laboratory complex Rh 
is the Battelle diversification project for the Richland, Wash., area. & aMnm 
or central court leads to the entrance (below) of the R w m ~ h  and Operations 
Building and the Mathematics Building of the new Batklle-Northwest reseam 
complex. 

e- = 
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edication of three new diversification commitment facilities took 
in 1967 in the tri-cities area. Battelle-Northwest dedicated the 
base of its planned $20 million laboratory complex, Douglas Air- 
dedicated its new Donald W. Douglas Laboratories, and the 
ational Telephone and Telegraph Co. will dedicate the first 

tion of a $1.9 million electronic component assembly plant early 

September 1967, Douglas United Nuclear, Inc. (DUN), jointly 
fled by McDonnell Douglas Corp., and United Nuclear Corp., 

ounced that they mould expand the existing capability of the 

f~ Buildings in Richland. One of the considerations given to awarding new 
?rating contracts for the AEC's Hanford Works has been how the new con- 
g&r will aid in  diversifying the economic base of the local communities by 
@oping new private sources for employment. ITT-Richland is par t  of the 
bternational Telephone and Telegraph Corp. diversification program in the 
w o r d  area. The new plant's 105 employees manufacture thermostats, heating, 
atilating, and air conditioning control units for both residential and industrial 
grs. The plant (shown abozje) also produces electrical coils for  assembly into 
der products. ITT-Richland operates the Hanford Works support facilities. 
?duction work in this new building began on September 11, 1967. Below is a 
ight view of Donald W. Douglas Laboratories which were dedicated March 29, 
i6, by Douglas Aircraft 00. 
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AEC "Know-How'' Used in Other Federal Work 

Work for Others. The technical skill and manpower of the AEC's Gaseous Dan- 
sion Plant  at Paducah, k's., is being used to support research being conducted at 
the NASA Lewis Research Center, Cleveland, Ohio, in a study of magnetic fields 
of large volume and high field intensity. Fabrication support at the Union Carbide 
operated facility includes the manufacture of cryogenically cooled and super. 
conducting electromagnets wound from high purity aluminum. Some magnet? 
have produced steady-state fields as large as 200 kilogauss. 
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DISPOSAL OF FACILITIES 

289 

Ttvo plants were declared excess to the AEC's needs during the year 
ere tranferred to other Federal agencies. 

~ 4 3s 

igy+h Albuquerque Works 

8 result of an economic study to determine the facilities needed 
* eet continuing weapons production requirements, a plan had been 

nced in December 1966 * for the reduction and possible phase-out 
e South Albuquerque (N. Alex.) Works. At that time, a program 

'mize the economic impact of this decision was initiated. A4EC 
neral Services Administration (GSA) representatives visited 

uquerque in January and met with public, civic, and union officials 
discuss possible uses and disposal of the plant which had been con- 
or-operated by ACF Industries (ACFI) for the AEC. Unclassi- 
briefbgs and tours were conducted to familiarize interested 

viduals and groups with the plant. Arrangements also were made 
tor other AEC contractors to hold interviews at the facility as a meas- 
.reof job insurance for ACFI employees. 
In April 1967, the Air Force announced its interest in acquiring the 

~ c F I  plant for the production by the General Electric (GE) Co. of 
,tengine parts. Subsequently, the Air Force, AEC, GE, and ACF 
industries, worked closely to develop a plan whereby Air Force/GE 
fork could be brought into the plant to be worked on by ACF em- 
,10vees. This was designed to ease the transition, reduce layoffs, and 
&&de GE with a fully effective work force at  the time of its actual 
&eover. 
Many ACF employees who had been working at the plant, on 

mjects in support of other AEC programs under the Sandia or Lm 
Uamos laboratories, were employed by other contractors in the Al- 
xquerque area. 
On December 1, the Air Force assumed control of the, major por- 

*on of the plant and Dow Chemical Co. assumed the small remaining 
AEC workload which is being transferred to  AEC's Dom-operated 
hk-y Flats Plant near Denver, Colo. 

#eldon Spring Feed Materials Plant 

On June 9,1967, the AEC advised the General Services Administra- 
ion that the Weldon Spring Plant, Weldon Spring, Mo., mas no 
'nger needed for AEC programs. At  that time, expressions of interest 

'gee P. 124, "Annual Report to Congress for 1966." 
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in commercial use of the plant, Thich AEC had requested from indu, 
try, were provided to GSA. On July 11, 196’7, GSA mas aclvised 
the A m y  Corps of Engineers had a possible requirement f 
On October 13, the Army re4quested that transfer arr  
made and the Army Engineers took custody of the site as 
December 31. 

Middlesex Storage Site 

10s Alamos Community Disposal 

Significant steps were taken during 1967 toward ending AEC ompr. 
ship and management of the community a t  Los Alamos, N. Jles., 
authorized by legislation approved September 28, 1962. 

Sale of Real Property 

All single family and duplex houses were sold as of December 21, 
1967. Proposed legislation covering the policies and procedures to  
be followed in the sale of the remaining apartment units was the w t t -  

ject of a public hearing conducted at Los Alamos on August 11,IgG;. 
by the Subcommitte on Communities of the Congressional Joint Corn- 
niittee on ,4tomic Energy. Appraisal and sale of commercial red 
estate, residential lots, unimproved property, and church and nm-  
profit properties, by the U.S. Department of Housing and Urban 
velopment, is progressing and will continue until all are sold. 

Community Operation 

on July 1, 1967, municipal and utility functions and facilities (~-1- 
cept fire protection) were transferred to Los Alamos CountF. ThR 
Government’s interest in the community telephone system solJ 
to  Mountain States Telephone and Telegraph Co., on Ju ly  1%;. 
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Tile AEC is authorized to make annual assistance payments of just 
asonable sums to the county, the hospital and the schools for 

,j re * Fear period from the date of transfer to private operation. The IO-, c will also be responsible for the operation and maintenance of 
old Government-owned property remaining in the community, 
of utilities and other facilities in the technical areas and in the 

ortions of Los Alamos County that are not subject to disposal. 

Financial Aid to Other Communities 

addition to the payments now being made at Los Alamos, the 
EC has been providing similar assistance to Oak Ridge, Tenn., and 
:C sand, Wash. 
Fiscal 1969 (ending June 30, 1969) is the final year of the 10-year 

of authority to make assistance payments to the cities of Oak 
?:&re r.2 and Richland, and to the Richland School District. Although 
%nature of the assistance varies, all three entities require additional 
jbfore this special AEC assistance can be terminated. The results 
: d  study of this situation were reported to the Joint Committee on 
;Lomic Energy on July 28,1967; and a hearing was held by the com- 
tree to determine the need for additional legislation to extend the 
jhority. Authorizing legislation was subsequently enacted. 
ljnder this authority, the AEC plans to continue to make annual 

&ance payments to Oak Ridge and certain one-time payments at 
+land to assure that the school and civic buildings are adequate 

-fore ending AEC assistance. 

UORKERS RECORDS SYSTEM 
During the year, the AEC continued its efforts to develop a coopera- 
:e employer-State-Federal records and reports system for radiation 
- ~ l i e r s . ~  The need for a records system for radiation workers was 
;blighted in 1967 during hearings before the JCAE on radiation 
?sures to uranium miners. The system proposed by AEC would 
h d e  such workers. 
In an attempt to resolve a number of questions expressed during 
2hgs before the JCAE in September 1966, Commission staff have 
lrticipated in numerous meetings with representatives of industry, 
-m and other interested public and private organizations. Based 
-911 these discussions and upon the specific recommendations of the - 
'k PP. 379-381, "Annual Report to Congress for  1966." 



Other Activities 

The ,4EC has continued its cooperative relationship with the sfat* 
in matters involving the improvement in State workmen‘s compen,flr. 
tion laws for radiation workers. To this end, 4’7 of the 51 jurisdiction.. 
including Puerto Rico, have completed an analysis of their S:ntr- 
workmen’s compensation laws. The remaining four studies are k 
progress. 

The studies were undertaken to determine the adequacy of such Is= 
in meeting the 11 workmen’s compensation standards adopted by &= 

Commission in 1965.‘ In addition, 46 States and Puerto Rico harr 
agreed to  furnish AEC with copies of radiation related medical trmt- 
ment or lost time reports filed by employers, copies of claims filed k 
employees alleging radiation injury, and analyses of settled or a d h i - *  
cated claims involving radiation. 

7 See pp. 49-51, “Annual Report to Congress for 1965,” 
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:oNTRACTING POLICY 
lo response to President Jolrnson's directive of September 16, 1966, 
cut Federal expenditures by improving procurement and man- 

alent of property, the AEC and its prime contractors : ( a )  elimin- 
413,920 line items from inventory ; ( b )  utilized $22.8 million worth 
excess property ; ( e )  redistributed $5.4 million worth of property 
.use in lieu of new procurement ; ( d )  returned $22.0 million worth 
equipment stock and to BEC pools for further use; ( e )  declared 

.:.O million worth of equipment to be in excess of needs; ( f )  can- 
id items on outstanding orders valued a t  $2.7 million ; and ( 9 )  re- 
.led items (not including "f") on outstanding orders by $3.1 
:!ion. 

5 Subcontracting to Small Business 

The AEC continues to encourage and assist small business participa- 
n in its prime contracts and subcontracts. During fiscal 1967, for 
2 sixth consecutive Fear, AEC prime contractors an-arded over 43 
2ent of the subcontracts to small business concerns ; $280.0 million 
$643.5 million, or 43.5 percent. The average percentage of subcon- 
act an-ards to small business during the period of 1951-1967 was 
3 percent. 



Changes in University Research Contracts 

Procurement Procedures Study Group 

A seven-man group has been formed study AEC procuremeRt 
processes and to  prepare a comprehensive repod- The group has hen 
asked to evaluate : (a )  the AEC’s controls on the contractors? procur@- 
ment practices, ( 6 )  the AEC’s decentralized approach to contract ad- 
ministration, ( e )  the influence of the AECk program administratio:! 
techniques, ( d )  the effect of after-the-fact reviews of contractor pro- 
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- 
3 ent, ( e )  the feasibility of removing some restrictions on small 

*.il?co" tracts, and (f) the necessity of each step in the procurement 
,pc,eSs 
'pt: study is aimed a t  assuring that the *4EC continues to get 

lity performance of its programs through the use of quality 
?Ua 
;,],tracting. 

*,,@ 

Board of Contract Appeals 

During the %year period of its existence, the Board of Contract 
eals has docketed 50 appeals and one special proceeding. The 

iPP sol lrd Chairman and staff also have participated in Government- 
studies of similar boards and in the above described studies of 

gc procurement processes. All appeals on the docket a t  the begin- 
& of 1967, have be,en disposed of by the Board. 

Vecial Proceeding 

dispute between United Nuclear Corp. (UNC) and the AEC con- 
*fling the Quinta Property in New Mexico was docketed by the 
;osrd on October 24,1966. At issue was the number of pounds of ura- 
+lm concentrate (U,O,) which could have been profitably produced 
lid delivered from the Quinta property between ,4pril 1, 1963 and 
xcember 31,1966. 
.I special board panel, acting as an arbitrator, determined that UNC 

-,rofitably could have produced and delivered to AEC 3,393,180 pounds 
furaniuin concentrate out of a total of 3,460,303 pounds which had 
.m claimed. This resulted in the AEC having to purchase from UNC 
393,780 pounds of uranium concentrate at $8.00 per pound. 

lisposition by Agreement 

The board policy of active participation with the parties in dispos- 
yof disputes by agreement continues as an important means of re- 
dving disputes eren though the number of disputes resolved by 

'Chairman of the  s tudy  group is Wallace B. Reynolds, former managing e n g h e r  and 
Zdness manager of the Lawrence Radiation Laboratory, Berkeley. Other members Of the 
ads group are : William J. Catacosinos, assistant director of the AEC's Brookhaven Na- 
:mal Laboratory, operated by Associated Universities, Inc. ( X e v  York) ; Paul H. Gantt ,  
2airIIinn of the AEC Board of Contract Appeals : David Saxe, rice president for administra- 
an of Atomics International, Dir. of North American Rockwell Corp. : Arthur  Schoenhaut, 
*PntS controller of the AEC: Kenneth S. Spoon, former director of procurement and 
a C  for the Sandia Corp. ; and Alden B. Greninger, general manager of the Nuclear Tech- 
-43' Department of General Electric's Ynllecitos Atomic Laboratory in Pleasanton, Caly. 
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Accelerated Procedure a n d  Small Business 

OFFICE OF HEARING EXAMINERS-. 
The hearing examiners’ staff is responsible to the  Comissioll fir: 

the conduct of hearings and the issuance of orders and decisions jc 
licensing proceedings, including certain patent licensing matters, mi 
in controversies involving the availability of Federal funds uiirlt~r 

Title PI of t,he Civil Rights Act of 1964.*O 

Year’s Activities 

During 1967, the hearing examiners serred as chairmen of six atmi** 
safet.x and licensing boards which adjudicate facility licenshig (:I-- 

under the ,4tomic EnergF Act and the ,4dministrative Procedure -{*-L 

‘The BCA is the only Board which by specific rule may apply this procedure t o  &s 

Putes involving up to $10,000. I n  addition, the  Board has liberally construed t h k  ruit ge 
a P P b  the accelerated procedure where the need arises regardless of amount. 

’‘Title VI of the Civil Rights Act of 1964 provides t h a t  no person in the U D i t d  Sta:* 
shall on the  ground of race, color, or national origin be excluded from participetion *L 
denfed benefits of, or be subjected to discrimination under any  program or activity 
Federal financial assistaircp. 
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ic reactor licensing actions for construction permits by boards 

e hearing exminers in 1967 included : Duke Power 
Florida Povi-er & Light. Co., Tennessee Talley Authoritj-, '(T'iscon- 
fichigan Power Go., and Comnzonwealth Edison Co. One other 

t hearing was conducted for General Electric's 
s t  Fuel RAcovev Plant. (See discussion of these cases in Chap- 

addition, one of the hearing examiners served as chairman for 
informal review board on a n  operating permit for a small ( I O  

ctor at the Kational Bureau of Standards, 

Reguluting the Atonz.) 
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O~~ANIZATION AND PRINCIPAL STAFF OF US. ATOMIC ENERGY 
COMMISSION 

COMMISSIONERS 

-@ic Energs Commission --_________-__--____ GLEXN T. SEABORG, Chairman 
ARNOLD R. FRITSCH, 

Special Assistant 
JAMES T. RAMEY 

JOHN C. RYAN, 
Special Assistant 

GERALD I?. TAPE 
JACK ROSEN, 

Special Asaiataltt 

GEEARD F. HELFRICH, 
WILIRID E. JOHNSON 

Technical Assistant 
VACANCY 1 

+tary to the  Commission - ~ _ ~ ~ _ ~ _ _ - ~ - ~ _ ~ ~ _ ~ _ ~ _ _ _ _  
,roller ------ ----_-______--___________________ JOHN P. ABBADESSA 

+tor, Dirision of Inspection _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CURTIS A. NELSON 
-f, Hearing Esaminer -_-___________-____________ SAMUEL W. JENSCH 
qman, AEC Board of Contract Appeals _-_________ PAUL H. GANTT 
 man, Atomic SafetS and Licensing Board Panel--- ALGIE A. WELLS 

W. B. MCCOOL 

Counsel---- - -_____________________________ JOSEPH F. HENNESSEY . . .  

OPERATING AND PROMOTIONAL FUNCTIONS 

.:a1 Manager _------_--________________________ ROBERT E. HOLLINGSWOBTH 
Esecutire Assistant to the  General Manager-,---- 
Assistant to the  General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _  HARRY S. TRAYXOR 
Assistant t o  t h e  General Manager for Program 

DONALD C. KULL 

Analysis ____________-______________________ ROGER W. A. LEGASSIE 

HOWARD C. BROWK, J r .  
ERNEST B. TREMMEL 

*I ,tg General Manager - -_________________________ EDWARD J. BLOCH 
.rant General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Industrial  Participation----- 
Director, Division of Intelligence _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  C. H. REICHARDT 
Director, Division of Public Information--------- JonN A. HARRIS 
Director, Office of Congressional Relations-------- ROBERT D. O'NEILL 
Special Assistant for  Disarmament _ _ _ _ _ _ _ _ _ _ _ _ _ _  ALAN Af. LABOWITZ 

nsnt General hianager fo r  Operations _ _ _ _ _ _ _ _ _ _ _ _  JOHN A. ERLEWINE 
Assistant for Economic a n d  Community Affairs--- GEORGE J. KETO 
h i s t an t  for Workmen's Compensation and Radia- 

hec to r ,  Division of Construction _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Contracts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Diyision of Labor Relations _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Operational Safety---------, 

k. Samuel M. Kabrit  recigncd as a member of t h e  Atomic Energy Commission effective 
- ~ t  1. 1967, t o  become Esecutiv-e Director of t he  Southern Fellowship Fund  with head- 
w s  in .+qq. Gal 'm1 

2 , I '  b 

tion Records _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CHARLES F. EASON 
J O H N  A. DERRY 
J O S E P H  L. SbfITH 
H. T. HERRICE 
MARTIN B. BILES - 
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Assistant General Manager for Research a n d  Develbp- 
ment _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _  

Director, Dirision of Biology and  3ledicine____-___ 
Director, Division of Isotopes Development--_--_-- 
Director, Division of h-uclear Education and  Tra in-  
ing _____________________---___--_-_-_-___- 

Director, Division of Peaceful Xuclear Esplosires_- 
Director, Division of Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Assistant General Nanager for P l ans  a n d  Production_- 
Director, Division of Operations Analysis and  Fore- 

casting _______________-_____-__--_--_-__-- 
Director, Division of P lans  and  Reports _ _ _ _ _ _ _ _ _ _  
Director, Division of Production _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Ram Materials _ _ _ _ - _ _ _ _ _ _ _ _ _  

Assistant General Manager for Reactors __--_______--_ 
Director, Dirision of Naval Reactors ____-__-______ 
Director, Division of Reactor Development and 

Technology ____-____-_____-________________ 
Director, Division of Space Nuclear Systems_----__ 

Assistant General Manager fo r  International Activities- 
Director, Division of International Affairs_-------- 

Assistant General Manager fo r  Administration--_-__-_. 
Director, Dirision of Classification _ _ _ - - - _ _ _ _ - - _ _ -  
Director, Division of Headquarters Services_-__--_- 
Director, Division of Personnel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Security -_____--_____-_-__-- 
Director, Division of Technical Information-_-_-___ 

Assistant General Manager fo r  Xili tary Application 2 _ _ _ -  

Controller, Office of t h e  Controller _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
General Counsel, Office of t he  General Counsel _ _ - _ - _ _ _ _ _  
Director, Division of Inspection _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  
Director, Office o i  Safeguards and  Nater ia l s  Managt- 

ment ___-________________________3____________- 

Managers of Field Offices 

Albuquerque (K.  Mex.) Operations Office 
Amarillo (Tex.) Area _______________- -__________ 
Burlington ( Iowa)  Area . . . . . . . . . . . . . . . . . . . . . . . .  
D a y t m  (Miamisburg, Ohio) Area _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _  
Kansas  City (No.) Area 
Los Alamos (N. Nex.) Area __--____-----__-_-_- -- 

Pinellas (Fla.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Rocky Flats (Colo.) Area ____-___- - -__- - - - -_____ 
Sandia (K. Mex.) Area _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
South Albuquerque (S .  Jlex.) Area _ _ _ _ _ - _ _ _ _ - _ _ -  -_ 

Erooliharen (Upton, K.T.) Office . . . . . . . . . . . . . . . . . . . . .  
Chicago (Ill.) Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

200 Bev. Accelerator Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ -  
Grand Junction (Colo.) Office _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _  
Idaho ( Idaho  Fa l l s )  Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sevada  (Las Vegas) Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _  

Honolulu ( Hawaii 1 Area _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
KeR- Tork (K.Y.) Operations Office . . . . . . . . . . . . . . . . . . . .  

Heal th  and  Safety Laboratory (Ken: Pork City j 
Oak Ridge (Tenn.) Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Cincinnati (Ohio j Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
h-ew Brunswick (S.J.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  
Paducah (Icy.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _  
Portsmouth (Ohio) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
Puerto Rico (San J u a n )  Area _______________-_-_ 

EDWARD J. BRUNEXKAXT 
RRIC. GES. E D W A R D  E. G I I . ~ ~ ~  

USAD' 
JOHN P. A B B A ~ E S S A  
JOSEPH &'. HEXSESSEY 
CURTIS A. XELSOS 

BRIG. GES. DELMAR L. CRCiu?;rty 

USAF (retired) 

LAWRENCE P. G I ~ E  
H. J A C K  BLACKTEI.I, 
E. W. GILES 
WILLIS B. CREAMER 
H E N R Y  A. NOWAK 
HERMAS E. ROSER 
WALTER C. TOUNGS. Jr.  
SETH R. TOODRVFF, Jr. 
LADDIE W. OTOSKI 
WALTER W. STAGG 
E. L. VAN HORN 
KENSETH A. DENBAR 

ALLAN E. J O K E S  
WILLIAM L. GINKEL 
JAMES E. REEVES 
~ V I L L I A M  A. BOSNET 
WESLEY &l. JOHSSOS 
J O H N  HARLEY 
S. R. S A P I R I E  
CLARESCE L. KARL 
C. J. RODDEN 
BERNARD K. STILLER 
Ron f. ASDERSOX 
J. PERRY b f O R G A x  

LAWRENCE C. N O H R  

' P.L. 90-190 (December 14, 1967) amended the  Atomic Energy Act of 1954, BE amende' 
by, among other things, changing the  title of t he  Director, Division of Nilitary BPDlicatiet. 
to t h a t  of Assistant General Manager fo r  Nili tarF Application. 

~ 

f 

Director, Divisic 
Director, Dirisit 
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Director, Dirisic 

$ Director, Dirisic 
Director, Dirisic 
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Region I1 (At lan ta  1 

i;p:lon I V  (Denver) 
F;erion V (San  F r a n  
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(Pa.) Naval Reactors Office ____--_________ LAWTOS D. GEIGER 

(Calif.) Operations Office --____-_______ ELLISOX C. SHUTE 
ynd (Wash.) Operations Office __________--_____ 

Cenoga Park  (Calif.) a r e a  _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _  
Alto (Calif.) Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  HOWARD C. HOOPER 
Rirer (Aiken, S.C.’l Operations Office _ _ _ _ _ _ _ _  

,nectad.r (K.Y.) Kava1 Reactors Office ______--____- 

DOXALD G. WILLIAUS 

JOEL V. LEVY 

~ A T H A N I E L  STETSOX 
STAXLEY W. SITZXAN 

AEC Scientific Representatives Abroad 

De ~ a n e i r o ,  Brazil _-__ -________________________  
Belgium __-_-__--_______-_________________ 

llos bires, Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
,b piver, Ontario, Canada-- _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _  

ROBERT H. WILCOX 
DISON B. HOYLE, Senior 

Repreeen tatine 
ROBERT H. GOECKERXANN 
ROBERT W. RAMSEY, Jr. 

 do^, England __--- --- ----_______________-___-- 
France ---------------- _-_____--___________- 

CARL E. N A L b I S T R O M  
JOSEPH J. DIKUNNO 

ire, Japan ------------ ----________-____________ WHITTIE J. hlcCooL 

LICENSING AND REGULATORY FUNCTIONS 

*tor of Regulation _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director -_- _______________________________  

<istad Director for Reactors _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
&nt Director for  Administration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Director, Division of Compliance _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Reactor Licensing _ _ _ _ _ _ _ _ _ _ _  
Director, Division of Reactor Standards _ _ _ _ _ _ _ _ _ _  
Director, Division of Radiation Protection 

standards ______--_________________________ 
pirector, Division of Materials Licensing-------_- 
Director, Dirision of S ta te  and  Licensee Relations-- 
pirector, Division of Kuclear Materials Safeguards- 

I-CCk 

HAROLD L. PRICE 
CLIFFORD E(. BECE 
A I .  hf. h h N N  
C. L. HEXDEBSOX 
LAWRESCE D. Low 
PETER A. MORRIS 
EDSON G. CASE 

FORREST WESTERN 
.JOHN A. NCRRIDE 
EBER R .  PRICE 
RUSSELL P. WISCHOW 
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MEMBERSHIP OF COMMITTEES 

STATUTORY COMMITTEES AND 

DURING 1967 

BOARDS 

- ,committee on Atomic Energy-90th Congress IFirst Session) 

’’ committee mas established by the  Atomic Energy Act of 19-16, and  continued under 
201 of the  Atomic Energy Act of 1954, to make “continuing studies of t he  nctivities 

Atomic Energy Commission a n d  of problems relating to the  development, use, and  
,trol of atomic energy.” The  committee is kept fully and  currently informed with respect 

 omm mission's activities. Legislation relating primarily to t h e  Commission or to  atomic 
i the matters is referred to the  committee. The committee’s membership is composed of 
‘?embers of t h e  Senate and  nine Members of t he  House of Representatives. During 
gi, f i e  committee mas composed of : 

D e  

:e 

Senator JOHN 0.  PASTOR^ (Rhode Is land) ,  Chairman 
Representative CHET HOLIFIELD (California), Vice Chairman 
senator RICHARD B. RUSSELL (Georgia) 
Senator CLINTON P. ANDERSON (New Mexico) 
Senator ALBERT GORE (Tennessee) 
Senator HENRY M. JACKSON (Washington) 
Senator B O U R K E  B. HICKENLOOPER ( Iowa)  
Senator GEORGE D. AIICEN (Vermont) 
Senator WALLACE F. BENNETT (Utah )  
Senator CARL T. CURTIS (Nebraska) 
Representative MELVIN PRICE (Illinois) 
Representative U’APNE N. ASPISALL (Colorado) 
Representative THOlrAs G. MORRIS (New Nexico) 
Representative JOHN YOUNG (Texas)  
Representative CRAIG HOSMER (California) 
Representative WILLIAM €1. RATES (Massachusetts) 
Representative JQHX B. A X D L I i S O N  (Il l inois) 
Representative WILLIASI M. ilICCrJLr,@cH (Ohio ) 

JOHN T. COswaS, Executire Director 

k:rfary Liaison Committee 

ruder Section 27 of the  Atomic EnerKy Act of 1954, “there is hereby established a Nili- 
Liaison Committee consisting of ( n )  a Chairman, who sliall be the  head thereof and  

20 shall be appointed by the  President, bF and with the  adrice and consent of the  Senate, 
shall serve a t  the pleasure of the President ; a n d  ( b )  a representative or representn- 

m f r o m  each of the  Departineats of the  9 r m y ,  Nary ,  and  Air Force, in equal numbers 
.determined by t he  Secretary of Defense, t o  be assigned from each Department by the  
-rretary thereof, and  who n ill serve without additional compensation. 

‘The Chairman of the  Committee map  designate one of the  members of t he  Conmiittee 
?Acting Chairman to ac t  during his absence. The Commission shall  advise and  consult 
7. the Department of Defense, through the  Committee, on all atomic energy mat te rs  
Zch the Department of Defense deems to  relate t o  military applications of atomic weap- 
2 or atomic energy including the  development, manufacture, use and  storage of atomic 
‘?pons ; t he  allocation of special nuclear material  f o r  military research, and  t h e  control 
‘information relating to the  manuf:icture or utilization of atomic weapons : a n d  shall  
f l r  the Department of Defense, through the Committee, fully and  currently informed of 
- such mat te rs  before the  Commission. The  Delmrtment of Defense, through the  Com- 
-:tee shall keep the  Commission fully and  currently informed on all mat te rs  within the  
4artment of Defense which t h e  Commission deems to  relate t o  t h e  development or 
;Ilkation of atomic energy. The  Department of Defense through the Committee, shaIl 
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have the authority t o  make written recommendations to the Commission f r  

any request, action, proposed action, or failure t o  act  on the part 
adverse to  the responsibilities of the Department of Defense, the secrehrS 
shall refer the matter to the President whose decision shall be final.” 

$ -  
time on matters relating to  military applications of atomic 
Defense may deem appropriate. If the Department of Defense a t  

~ m .  CARL ~ A L S K E ,  Chairt?zan 
Maj. Gen. OTTO J. GLASSER, United States Air Force 
Naj. Gen. RICHARD H. ELLIS, United States Air Force 
R B b .  Sax,ruEL R. BROWN, Jr., United States Navy 
Brig. Gen. KENEETH F. DAWALT, United States Army 
Brig. Gen. JAMES A. HEBBELER, United States Army 
Capt. JAMES G. WHITEAKER, United States Navy 

General Advisory Committee 

This committee was established by the Atomic Energy Act Of 1946, and is ”ntiLL, 

by the  President to  advise the  C O ~ s S i O n  on scientific and technical matters 1 

materials, production, and research and development. The committee nleets 
times in  every calendar year and allnually designates one of its own members as cLairm,, 

Dr. L. R. HAFSTAD, Chairman; Vice President, Research Laboratories, G 

Dr. MANSON BENEDICT, Professor of Nuclear Engineering, hfassachusetts Institntp tl 

Dr. JOHN C. BUGHER, retired (formerly Director, Puerto Rico h’uclear Center, er, 

Dr. EDWIN L. GOLDWASSER, Professor Of Physics, University Of Illinois, Crbann. 
Dr. JANE H. HALL, Assistant Director, LOS Alamos Scientific Laboratory, ha dlaa,,,, 

Dr. STEPHEN LAWROSKX, Associate Director, Argonne R-ational hbora tor r ,  -0llne. 1:: 
Dr. K O R ~ I A N  E’. RAMSEY, Professor of Physics, Harvard University, Cambrldgp* 
HOWARD G. VESPER, retired, formerly Vice President, Standard Oil CO. of Calif,tta:i 

WILLIAD~ WEESTER, Chairman, New England Electric System, Boston, M a s s .  
DUANE c. SEWELL, Scientific OfFcer; Lawrence Radiation Laboratory, ~i~~~~~ 

ANTHONY A. TO~IEI,  Secretary; U.S. Atomic Energy Commission, Washineon, D 

by Setion 26 of the Atomic Energy Act Of 1954. T h e  nine civilian members ~ ~ , ~ * ~ ~ ~ ~  * .  

’“1attne 
“nwt fr,-? 

e n e m  Nota, Corp., Warren, Mich. 

Technology, Cambridge, Mass. 

Juan, P.R.) 

N. Mex. 

iSan Francisco, Calif. 

Calif. 

The committee met four times in 1967 : during February a t  Richland, Wash. ; during 
in Washingtoll, D.C.; during August a t  Los Alamos, N. Mex.; and during XOrembPr t+ 
Washington, D.C. 

Patent Compensation Board 

This board was established in  April 1949 pursuant to  Section 11 of the Atomic znrra 
Act of 1946, and is the Board designated under Section 157a of the Atomic Energ j e t  
of 1954. Section 157 provides tha t  upon application for  just  compensation or aw:trd> 
for the determination of a reasonable royalty fee, certain proceedings shall be held k r a i t  
such a board. 

ROBERT C. WATSON, Chairman; firm. of Watson, Cole, Grindle & Watson, KnFiiirrz 

DOUGLAS hf CLEOD CoOXsS, Simmonds Precision Products, Inc., Tarrytown. ?;.?i. 
RfaLcoLar W. FRASER, patent attorney, Toledo, Ohio 
HERMAN I. HERSH, firm of NcDougall, Hersh, Scott, & Ladd, Chicago, Ill. 
LAWREXCE C. KISGSLASD, firm of Kingsland, Rogers, Ezell, Eilers & Robbins. s: 

The board met three times during 1967: in Washington D.C., on March 16, MJaY Z-z5 -  

ton, D.C. 

cT1 Louis, No. 
c 2  

~ and December 13. 

4= 
Advisory Committee on Reactor Safeguards 

The committee, established under Section 29 of the  Atomic Energy Act of 
amended, reTiews safety studies and facility license applications referred to it a n d  
reports thereon, adrises the Commission with regard to the hazards Of PrOPosd 

c3 

.Dg reactor 
,r15t’ such othei 
;rtll$ons for  fnci 
,pI1!i’ble to the pul 
#l f i  I @ission for a t e  
-**c’ as its chairma 

E . d ~ ~ ~ ~  J. PALL 
State  Unirersi. 

Drif the Graduat 

Institute. Paci: 
HAROLD E T H E ~ I  

~ u p i t e r ,  Fla. 

,tree 

CAEROLL w. 

17r. S P E S C E R  H. 

pr. WILLIAM L. 1 
Dr. FRAXKLIN i 

Dr. STEPHEX H. 
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reactor facilities and  the adequacy of proposed reactor safety standards, and 
h other duties as the Commission may request. The committee’s reports on 
for facility licenses become a pa r t  of the record of the application and 
the public, except for security material. Members are appointed by the 

for a term of four years each, and one member is designated by t h e  com- 
chairman. This committee was established as a statutory body in 1957. 

usz~o J. PALLADIXO, Chairntan ; Dean, College of Engineering, The Pennsylvania 
State University, University Park,  Pa. 

Dr. CARROLL w. ZABEL, V-zce Chairman; Director of Research and Associate Dean 
of the Graduate School, University of Houston, Houston, Tes. 

p. SPEXCER H. BUSH, Consultant to the  Director (Metallurgy), Battelle Memorial 
Institute, Pacific Korthwest Laboratory, Richland, Wash. 

HABOLD ETHERINGTON, Consulting Engineer (Mechanical Reactor Engineering), 
Jupiter, Fla. 

Dr. WILLIAM L. FAITH, Consultant (Air Pollution Control), San Narino, Calif. 
Dr. FRAXKLIN A. GIAFORD, Jr., Director, Atmospheric Turbulence and Diffusion 

Dr. STEPHEX H. HANAUER, Professor of Kuclear Engineering, University of Tennessee, 

Dr. JOSEPH 11. HENDHIE, Physicist, Brookhaven Rational Laboratory, Upton, R.Y. 
Dr. HERBERT s. ISBIN, Professor of Chemical Engineering, University of Ninnesota, 

BAROLD G .  nlANGELSDORF, Chairman of the Board, Crown Central Petroleum Corp., 

Dr. JACK E. BIcKEE, Professor of Environmental Health Engineering, California 

Dr. HARRY 0. hfONSOEi, Senior Engineer, Laboratory Director’s Office, Argonne 

Dr. ARLIH A. O’KELLY, Consultant (Chemical Engineering), Littleton, Colo. 
Dr. DAVID OKRENT, Senior Physicist, Laboratory Director’s Office, Argonne Kational 

Dr. n’II,LIa?d R. STRATTOX, Physicist, Los Alamos Scientific Laboratory, Los Alamos, 

E. 5’. FRALEY, EZeCUtiVe Secre tary;  U.S. Atomic Energy Commission, wash -  

Laboratory, Environmental Science Services Administration, Oak Ridge, Tenn. 

Knoxville, Tenn. 

Minneapolis, illinn. 

Short Hills, N.J. 

Institute of Technologr, Pasadena, Calif. 

h’ational Laboratory, Argonne, Ill. 

Laboratory, Argonne, Ill. 

N. Mex. 

ington, D.C. 

-ring 1967, the committee met 13 times : Janua ry  12-14, February 9-11, February 28, 
,rch 9-11, April 6-S, May 11-13, June S-10, July 6-S, August 10-12, September 7-9, 
q b e r  5-7, h’ovember 2-3, and December 7-9. 

mic Safety and Licensing Board Panel 

Section 191 of t he  Atomic Energy Act of 1954 authorizes, in addition t o  other matters, 
-.Commission to  establish one or more atomic safety a n d  licensing boards, each t o  be 
:posed of three members. two of whom are  to  be technically qualified and  one of whom 
:a be qualified in the conduct of administrative proceedings. Technically qualified alter- 

-!rs may be appointed to  atomic safety and  licensing boards, to  serve in the  event t h a t  
w d  member should become unavailable before the  start of a hearing. The  boards con- 

: ~ i  such hearings as the Commission may direct and  make such intermediate or final 
a ions  a s  i t  may authorize in proceedings with respect to granting, suspending, revok- 
2 or amending licenses or authorizations. The Commission has appointed the  following 
,le1 to serve on atomic safety and licensing boards as assigned. 

A. A. WELLS, PaneE Chairman, U.S. Atomic Energy Commission, Washington, D.C. 
\TARRE:N E. S T E R ,  Vice  C7mirt)f (111, Aerojet General Corp., Idaho Falls, Idaho. 
J. D. BOXD, Hearing Examiner, V.S. Stomic Energy Commission, Washington, D.C. 
K. B. BRIGGS,  Director, Nolten Sal t  Reactor Program, Oak Ridge National Laboratory, 

Dr. JOHX HENRY EUCK, Tice President and General Nanager, Instruments Div., The  

Dr. A. DIXOS CALLIHAN, Oak Ridge National Laboratory, Oak Ridge, Tenn. 
J-WS If. C.4JIPBELL, Pa r tne r  in law firm of Stephenson, Campbell 6: Olmsted, Santa  Fe, 

VALEKTINE 33. DEALE, Attorney-at-law, Washington, D.C. 
Dr. MILTOS C. EDLUSD, AEC Combined Operations Planning, Union Carbide CorD.. 

Oak Kidge, Tenn. 

Budd Co., Phoenisville, Pa. 

IT. Mex. 

- 
Oak Ridge, Tcnn. 

5 0  I i 7 ~ ! . C C i  
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Dr. STUART GORDOX FORBES, Assistant Manager, Technology, At p r ;  M. t: . 
p s t ~ N E  T rc i  

- - p o ~ g R T  
- fornia, Berh  Resources, The Johns Hopkins University, Baltimore, l f d .  and I\’&., 7 

Law, Davis. 

Phillips Petroleum Co., Idaho Falls, Idaho. 
- Dr. JOHX C. GETER, Chairman, Department of SanitarJ- Engineering 

JAXES P. GLEASON, Attorney-at-law, Washington, D.C. . ~ cupt. D A S I C L  

Dr. CLARK GOODMAN, Professor of Physics and Department Chairman, Un. 
- 

j o H ~  TT. ‘KH‘ 

Houston, Houston, Ter .  ] W ‘ s i t ,  ~~ . I -  

Dr. EUGENE GBEOLING, Professor Of Physics, Duke University, Durham N C 
Dr. DAVID B. HALL, Los Alamos Scientific Laboratory, Los Alamos, K. Ne;. * 

Dr. JOHN P. HOWE, The Insti tute for  Defense Analyses, Arlington I - ~  - -1  . U. 

SAAiUEL Q’. JENSCH, Chief Hearing Examiner, V.S. Atomic Energy cornmiss. 
ington, D.C. -’on, R,q, 

ARTHUR W. NURPHT, Columbia University School of Law, New Jiork City. 
Dr. HUGH PAXTON, Los Alamos Scientific Laboratory, Los Alamos, N. hiex. 
Dr. TOMAS H. PIGFORD, Professor of Nuclear Engineering, Uniyersitr nf ~~~ 

Dr. LAWRENCE R. QUARLES, Dean, School of Engineering and Applied science, ~~* 

REUEL C. STRATTON, Consulting Engineer, Hartford, Conn. 
Dr. CLARKE WILLIAMS, Research Administrator, Regional Marine Resources 

-0Ub.- : Nassau-Suffolk Regional Planning Board, Hauppawe ,  Long Island, X.T. 
Dr. CHARLES E. WIRTERS, Pa rma  Research Center, Union Carbide carp,, cleveiirtia 

Ohio. 
Dr. ABEL WOLMAN, The Johns Hopkins University, Baltimore, bfd. 
HOOD WORTHINGTON, retired, Wilmington, Del. 

fornia, Berkeley, Calif. 

versity of Virginia, Charlottesville, Va. 

Eleven new boards were drawn from the  panel in 1967 for  regulatory proceedinm 

Testing Station, Idaho Falls, Idaho, on September 19-21, and the other at  the - ~ E c * ~  RcSr’ 
quarters in Washington, D.C., on December 5-6. 

meetings of t he  entire panel were held during the  Sear : one at  the Natfonal . f.. 

* >  

APPEALS BOARDS 
Board of Contract Appeals 

On August 25, 1961, the Commission established the AEC Board of Contract * ~ ~ l I w G k  

under the supervision of a chairman, who reports directly to the Commission. The tbtt? 
of Contract Appeals considers and finally decides appeals from findings of fact or dec15ivs, 
of contracting officers in disputes arising under AEC prime contracts containing I dit 
putes provision a n d  certain subcontracts containing such a provision. The board, in ad&:+ 
tion, conducts hearings and finally decides debarment cases in which a hearing has b2 
held. The rules of practice of t he  board were published in the Federal Regist- 
September 11, 1964, and  codified as pa r t  3 of Title 10, Code of Federal Regulations. 

PAUL H. GANTT, Chairnun; U.S. Atomic Energy Commission, Washington, U.C. 
JOHN G. ROBERTS, Vice Chairman; U.S. Atomic Energy Commission, Wasllfngton, t, c 
CARMINB S. BELLINO, Certified Public Accountant, Wright, Long & Co., Kasbinz:,.c 

LAWRENCE R. CARUSO, Legal Counsel, Office of Research Administration, Prinmtcs 

VALENTINE B. DEALE, Attorney a t  Lam, Washington, D.C. 
J o n ~  T. FET, President of t he  National Life Insurance Co., Montpelier, Vt. 
Dr. G. KENNETH GREEN, Chairman, Accelerator Department, Brookhaven X t i ! ~ ~ x d  

HENRY B. KEISER, Attorney at Law and  President, Federal Publications, Inc., Ka.2 

LEONARD J. KOCH, Director, Reactor Engineering Division, Argonne h’ational L-ab.ra 

JOHN T. BOEHLEB, Attorney at Law, Butler, Koehler 8: Tausig, Washinrtna. nc.  
JOHN A. McINTmE, Consulting Attorney, Office of Judge Advocate General. r.9. S l t r  

RALPH C. NASH, Jr.,  Associate Dean for Graduate Studies, Research and l‘m:@*’ 

THOMAS J. O’TOOLE, Dean, Northeastern School of Law, Boston. Mass. 
HAROLD C. PETROWITZ, Professor of Law, Washington College of 

D.C. 

University, Princeton, N.J. 

Laboratory, Upton. N.Y. 

ington, D.C. 
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= JOEIS N. STOT, Certified Public Accountant, Stoy, Nalone 6: Co., Washington, D.C. 
ARLENE TuCK ULhIAX, Attorney at Law, Washington, D.C. 
~ o B E R T  11. USDEBHILL,  Vice President and Treasurer Emeritus, Unirersity of Cali- 

C3pt. DANILL E. VESTHES, Consulting Engineer, Haddam, Conn. 
par; W. WHCLAN, Professor of Law, University of California at Daris School of 

full board met once during 1967, on n’orember 29, in Washington, D.C. Numerous 
,tiogs of the individual panels designated to hear, consider, and decide appeals were 

fornia, Berkeley, Calif. 

Law, Davis, Calif. 

-? 

41 held. 
ADVISORY BODIES TO THE ATOMIC ENERGY COMMISSION 

Energy Labor-Managemenf Advisory Committee 

committee was established in Narch 1962 to bring together representatives of or- 
.zed labor with representatives of management and  the AEC to discuss general prob- 

601 
gs, procedures, and requirements in connection with the radiological aspects of industrial 
drtS, Its charter was expanded in  1963 to permit consideration of questions other than 

8. T. HERRICK, Chairman; Director, Division of Labor Relations, U.S. Atomic Energy 

c. L. HESDERSON, Vice Chairman ; Assistant Director of Regulation for  Administration, 

ANDREW J. BIEMILLER, Director, Department of Legislation, AFL-CIO, Washington, 

8. ROY CHOPE, Executive Vice President for Development and Engineering, Industrial 

HAROLD A. FIDLER, Associate Director, Lawrence Radiation Laboratory, Berkeley, Calif. 
GORDON N. F R E E h I A N ,  International President, International Brotherhood of Electrical 

CHARLES D. HAREINGTON, President, Douglas United Nuclear, Inc., Richland, Wash. 
CITARLES H. KEENAS, Vice President, Yankee Atomic Electric Co., Boston, Mass. 
HOWARD b‘. K A S O N ,  President, Rfonsanto Research Corp., St. Louis, No. 
P. L. SIEMILLER, International President, International Association of Machinists and 

Aerospace Workers, Washington, D.C. 
PETER T. SCHOEhfASX, General President, United Association of Journeymen and Ap- 

prentices of the Plumbing and Pipe Fit t ing Industry of the United States and 
Canada, Washington, D.C. 

ELWOOD D. SWISHER, r i c e  President, Oil, Chemical and Atomic Workers International 
Union, Denver, Colo. 

3 committee mrt twice during 19G7 : a t  Washington, D.C., on May 18, and in Haddam 
4.h. Conn., on October 5 .  

concerned with the radiological aspects of industrial safety. 

Commission, Washington, D.C. 

U.S. Atomic Energy Commission, Washington, D.C. 

D.C. 

Nucleonics Corp., Columbus, Ohio 

Workers, Washington, D.C. 

hisory Commiftee for Biology and Medicine 

We Adrisosr Committee fo r  Biology and Medicine was created in September 1947 on 
:e recommendation of the Commission’s Medical Board of Review. The committee reviews 
-t programs in medical and biological research and health and recommends t o  the Com- 
Asion general policies in these fields. 

Dr. EARL L. GREEN, Chairman; Director, The Jackson Laboratory, Bar  Harbor, Maine 
Dr. PHILIP P. COHES, Vice Chairinan; Professor and Chairman, Department of 

Physiological Chemistry, University of Wisconsin School of Nedicine, hladison, Wis. 
Dr. WILLIASI E’. BALE, Professor, Radiation Biology, Department of Radiation Biology 

and Biophysics ; and Btomic Energy Project, University of Rochester, School of 
Medicine and Dentistry, Rochester, S.Y. 

Dr. ARIE J. HAAGEN-SJIIT, Professor, Division of Biology, CaIifornia Insti tute of Tech- 
nology, Pasadena, Calif. 

Dr. ROBERT D. MOSELET, Jr., Chairman of Department of Radiology, University of 
Chicago, Chicago, Ill. 

Dr. LESfCEL C. AIcGEE, hTedical Director, Hercules, Inc.. Wilmington, Del. 
Ur. MOIWLL 13. I{t-sst:r,I,, I)irwtcr. .tgricu1t~ir:t1 Esppriment s t a t ion ,  University of 

Illinois, Urbana, 111. 



Advisory Committee on Isofopes and Radiation Development 

encouraging wide-scale industrial  use of radioisotopes and  nuclear radiation. 
This committee was established by t h e  Commission in  July 1958 to advise on 

pr 

JOHN L. Konalvz, Chairman; Vice President, h’uclear-Chicago Corp., Des Plaillw, 
JOHN W. LAA-DIS, T’ice Chairman; General Manager, Washington Operations, the B~~ 

Dr. CHARLES ARTAKDI, Director of Research, Suture  Products, Ethicon, Inc., subpr- 

Dr. JOHN C. BRARTLEY, Vice President, International Chemical and h’iiclear cow, 
Dr. AfILTos BURTON, Director of Radiation Laboratory, University of Sotre I ) ~ ~ ~  

Cmdr. SCOTT CARPENTER, U.S. h’avy Dept., Washingtom, D.C. 
H. ROY CHOFE, Executive Vice-president, Industrial  Kucleonics Corp., Columbus, Ob10 
Dr. BERSARD FRIES, Senior Research Associate, Chemon Research Co., Richrnucd. 

I ~ r .  L ) A V I D  E. HARMER, Head, Gamma Radiation Section, Radiochemistry K~beawb 

I)r. ‘I‘rruaras E. HICKS, Professor of Engineering, University of California at €m 

cock & Wilcox Co., Washington, D.C. 

ville, X.J. 

Pittsburgh, Pa. 

Kotre Dame, Ind. 

Calif. 

Lahorutor?.  Don- Chemical Co., Midland, Alich. 

.\ll&3?lt’h, Loc A I I W ! t %  C‘lllf. 

Energ) C~i i i iu i i - i~n .  \Y<isliington, D.C. 
UP. ti0 IILI. 31. I< i \  $L I I  -4ssistarit General Xanager  f o r  Reactors, U.S. dtof;i:c 

L)r. W’ILFILCIJ I<. I~OX A ~ ~ I , L I ;  t i ene rd  fifanager, 1\Iallinclirodt/h’uclear, St. Louis, 310. 
LJr. J A M E S  I{. ;\last. IELD,  .I r., Mnxfield Clinic-Hospital, Dallas, Tex. 
I IOWARD I<. ?i.isox, Prehidrnt. 3Ionsanto Iiesearch Corp., St. Louis, NO. 
Lbr. DOSALD W. L’iu T C H A I ~ D .  Director, Chesapeake Bay Insti tute,  and Chairman r* 

I Jr .  H@D~laa  A. S I I  L K P ,  Presidtsnt, Sharp  Lnboratories Diy.. llccltmaii hStrunlents+ In‘ 
p a r t m m t  of Oce , tuogr : i~ jh~,  Johns  Hopkius Unirersity, Baltimore, Nd. 

La Jolla, Calif. 

Dr. E. RICHARD I< 

Dr. DAVID E. K c  

Dr. GEORGE V. LE 

niedicine and Dc 

bia Unirersii y, 

Tumor Insti t i i t(  
Dr. CHARLES D. 1 

College of 3Irdit 

3e committee met tw 
East Lansing, Uich 

School of Nedic 

Dr. RULON iv. RA 

Dr. HARALD R f l S S I  

Dr. ROBERT J S I  

The Plowshare A d ~ i  
f3nction is to  advise t 

Dr. SPOFFORD G. 
Development, U. 

Mr. WILLARD BAS 

Lt. Gen. JAMES H. 
Dr. LOUIS H. HEX 
Dr. RICHARD LATT 
Dr. WILLARD F. LI 
Dr. DOSALD H. 3 

Francisco, Calif 
Nr. JOHX G. PAIJ 
Dr. PHILIP C. RUT 

Dr. PAUL B. SEARS 
Dr. HSXER L. FRI 
Lt. Gen. ALFRED 

J O H S  s. KELI 
Atomic Enr 



MEMBERSHIPS O F  COR3niIITTEES DURIXG 19 6 7 309 
a = - = 

Dr. V r r I a ~  T. STANNETT, Professor of Chemical Engineering, School of Engineering, 

,,r. PAUL M. STIER, Program Xanager-Corporation Research, Cnion Carbide Corp., 

met twice during 1967: at Oak Ridge Kational Laboratory on April 6-7, 

~ &orth Carolina State  University, Raleigh, K.C. 

Tarrytown, K.Y. 

Washington, D.C., on October 12-13. 

3ofy Committee on Medico1 Uses of Isotopes 

committee was established in  1968 and replaced the Subcommittee on Human Appli- 
of the Adrisory Committee on Isotope Distribution. The committee adrises the 

sion on policies and standards for the regulation and licensing of medical uses of 
topes in humans. 

Dr. JOHN A. NCBRIDE, Chairman; Director, Dirkion of Naterials Licensing, U.S. 

Dr. VALLACE D. ARMSTRONG, Professor and  Head, Department of Biochemistry, Uni- 

~ r .  J O H K  E. CHRISTIAS, Head of Bionucleonics, Purdue Unirersits ,  Lafayette, Ind. 
Dr. ROBERT H. GREENLAW, Associate Professor of Radiology, University of Kentucky, 

Dr. E. RICHARD KIXG, Professor of Radiology, Medical College of Virginia, Richmond, 

Dr. DAVID E. KCHL, Associate Professor of Radiology, University of Pennsylvania, 

Dr. GEORGE V. LEROY, Nedical Director, Metropolitan Hospital, Detroit, Nich. 
Dr. RULON W. RAWSON, Dean of Medicine and Vice President, h'ew Jersey College of 

Dr. HARALD ROSSI, Professor of Radiology, College of Physicians and Surgeons, Colum- 

Dr. ROBERT J. SHALEK, Head, Department of Physics, M.D. Anderson Hospital and 

Dr. CHARLES D. WEST, Associate Research Professor of Biology, University of Utah, 

:?committee met twice during 1967 : on January 21 in  Washington, D.C., and August 1 0  
.E;lst Lansing, Nich. 

Atomic Energy Commission, Washington, D.C. 

rersity of Minnesota Medical School, Ninneapolis, Ninn. 

Lexington, By. 

Va. 

School of Medicine, Philadelphia, Pa. 

Nedicine and  Dentistry, Jersey City, N.J. 

bia University, New Pork, X.Y. 

Tumor Insti tute,  University of Texas, Houston, Tex. 

College of Nedicine, Sal t  Lake CitF, Utah. 

rushare Advisory Committee 

The Plowshare Advisory Committee was established i n  September 1959. The committee's 
:ction is to  advise the Cornmission and the General Nanager on selecting and carrying 
:: particular Plowshare projects, developing and making available various applications 
plowshare and determiaing the  general orientation and  policies of t he  Plowshare 
. :rani. 

Dr. SPOFFORD G. ENGLISH, Chairman, Assistant General Nanager for Research and  

Mr. WILLARD Bascoar, President, Ocean Science a n d  Engineering, Inc., Washington, 

Lt. Gen. JAMES H. DOOLITTLE, Los Angeles, Calif. 
Dr. LOUIS H. HEJIPELMANN, University of Rochester, Rochester, N.Y. 
Dr. RICHARD LATTER, The  Rand Corp., Santa  Monica, Calif. 
Dr. KILLARD E'. LIBBY, University of California at  Los Angeles, Calif. 
Dr. DONALD H. hfcLaUc=LIh-, Chairman of the  Board, Homestake Mining Co., Snn 

Xr. J O E I S  G. PALFREY, School of Law, Columbia University, Kern Tork Cits. 
Dr. PHIIJP C. RUTLEDGE, Partner ,  hIueser, Rutledge, Wentworth t Johnson, New Pork ,  

Dr. PAUL E. SEARS, Tale Unirersity, New Haven, Conn. 
Dr. HYNER L. FRICDELL, Western Keserre University. Clereland. Ohio 
Lt. Gen. ALFRED D. STARBIRD, Director, Defense Communications Agency, Arlington, 

JoHx S. KELLY, secretary, Director, Di-iision of Peaceful h'uclear Exploshes, U.S. 

Development, U.S. Atomic Energy Commission, Washington, D.C. 

D.C. 

Francisco, Calif. 

K.Y. 

Ya. 

Atomic Energy Commission, Washington, D.C. 

-'committee met once during 1967 : on October 10-11, at Sandia Laboratory, Albuquerque, 
Uex. 
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Dr. ROBERT BAYARD, Westinghouse Electric COrp., Bettis  Atomic p 

JACK CHERNICK, Associate Head, Reactor Physics Division, Brookha 

Dr. E. RICHARD COHEN, Associate Director, North American Aviation scieuce C‘mt 

Dr. F K A N K  G .  DAWSON;, Jr., Nanager, Reactor Physics Dept., Pacific N 

Ower Div., pitk burgh, Pa. 

Laboratory, Upton, N.T. ’en m G a G  

Thousand Oaks, Calif. -. 
Orthwest bt. oratory. Richland, Wash. 

Dr. RICHARD EHBLICH, RIanager, Advanced Development Activity, &,olls dtomit 
power Laboratory, Schenectady, N.Y. 

Dr. GORDON HANSEN, Los Alamos Scientific Laboratory, Los Alamos, s. w~~ 
Dr. w. B. LOEWESSTEIN, LNFBR Program 05ce, Argonne National Laboratory, 

gonne, Ill. 
~ r .  F. C. J~AIESSCHEIX,  Associate Director, Neutron Physics Division, Oak 1iidFc 

tional Laboratory, Oak Ridge, Tenn. 
~ r .  LOTEAR W. NORDHEIM, Chairman, Theoretical Physics Department, General Atomif. 

San Diego, Calif. 
Dr. THUAIA 11. SNPDER, Atomic Products Division, General Electric CO., Pleasantbc 

Dr. ALVIS RADKOWSKY, Secretarv; Division of Nara l  Reactors, U.S. Atomic E~~~~~ 

‘yllp (’o11intitttIp nict olice diiriiig 1W7, o n  Nay 4 4 ,  at the  Satioiial Bureau of Stau,j:,rcl.. 
Gaithersburg, Nd.  

Calif. 

Commission, Washington, D.C. 

Advisory Committee on Nuclear Materials Safeguards 

The comniittre T:IS rst;iblislied August 29, 1967, to assist  t he  Atomic Energy ComnlibRloo 
i n  carrying o u t  mure  effectively i t s  responsibilities f o r  safeguarding special nllclmr 
m:iteri:ils uiidtlr the .itoniic Energy Act. The  committee will advise the  Commission in th. 
dewlopment of : 110lic.v regarding safeguards against  t he  diversion of special nuclear ma 
terials ; safeguards s tandards  a n d  criteria : safeguards procedures ; safeguards resetire 
and derelopiiierit ; iiiethods of measurement and  other procedures ; and  standard refereom 
materials. On rrquest, t he  advisory committee will proride technical advice relating tQ 
snfegunrtlb stiiiitlarcls imd criteria rrparding specific prohlenis irivolring livensee or ~ I ~ L  
triictor oper ;> t i t i~ i~  ; i i i d  011 other niiitters that niay be twrtineut. 

JOHN PALFREY, C h a i r ~ n a n ;  Professor of Law, Columbia University, Kew Tork Cit? 
(Mr. Palfrey serred as a member of t he  Atomic Energy Commission, 19G2-lbMJ 

Brig. Gen. DELMAR L. C i t o ~ s o s  (USAF, Ret.) ,  Vice Chairman; Director, Office of 
Safeguards a n d  Materials Jlanagement, U.S. Atomic Energy Commission, F W ~  
ington, D.C. 

Dr. RUSSELL P. W I S C H O ~ V ,  Pice Chairman; Director, Dirision of Suclear ?Jaterisl* 
Safeguards, U.S. Atomic Enei gy Commission, Washington, D.C. 

ROGER E. BATZEL, Associate Director, Lawrence Radiation Laboratory, Lifemore* 
Calif. 

pp~;”ic’s 1 
p A u ~  GRAD19 
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F I 
di 

~ - 
~ - 

F B A s c ~ s  P. COTTER, Vice President. Westinghouse Electric Cor@., Washington, D.C. 
p A u ~  GRADY, consultant to accounting firm of Price-Waterhouse Co., lriew Pork CitF 

JAKE HALL. Associate Director, Los Alamos (N. Mes.) Scientific Laboratory 
RALPH F. LUNB, Director, Western New Pork h-uclear Research Center, Buffalo, 

c 

N.T. 
HORACE W. NORTON, 111, Professor. Unirersity of Illinois, Urbana, 111. 

c t ~ ~ E l ” T  J. RODDEN, Nanager, AEC’s Kew Erunswick (N.J.) Area Office and  Director 
,,f the New Brunswick Laboratory 

tou~s  H. RODDIS, Jr., Chairman of t he  Board, Pennsylvania Electric Co., and 
Director of Nuclear Power Activities for General Public Utilities Corp., of Xew 
york City 

KALTON -4. XODGER, Itust Associati. Director, Chpniical 13ngineering Dirision, ,%rgoriue 
(Ill.) National Laboratory and now on the staff of Nuclear SafetF Associates in 
gethesda, Md. 

p f B A E D  SQUIRES,  Manager, Atomic Energy Div., Evplosives Department, E. I. du Pont  
de Nemours and Co., Inc., Wilmington, Del. 

c ~ A R L E S  D. W. THORNTON, Executive Vice President, Cleveland (Ohio) Container 

Dr. FRED E?. TINGEY, Manager of Operations Analysis, Idaho Nuclear Corp., Idaho 

FEANCIS 0. WILCOX, Dean, School of Advanced International Studies, Johns Hopkins 

J. ERNEST WILKINS, Jr., Assistant Director, Gulf General Atomics, Iuc., San Diego, 

C o w .  

Falls, Idaho 

Unirersity, Baltimore, Md. 

Calif. 

xeommittee met once during 1967, September 28-29 in Washington, D.C. 

&isory Committee of Slate Omciak 

NS committee was established by the Commission in September 1955 as a means of 
..dning the views and advice of S t a t e  regulatory agencies in  connection with t h e  Atomic 
.ergJ Commission’s regulatory activities in  the field of public health and safety. In 1960, 
,function was enlarged to  furnish guidance in the implementation of the Commission’s 
?gram of cooperation with States. At  the same time, i t s  membership was broadened to  
3Fjde a larger cross section of views consistent with its additional functions. 

H. L. P R I C E ,  ChairnlaJl ; Director of Regulation, U.S. Atomic Energy Commission. 

Dr. BERNARD BUCOVE, Director of Health, Washington S ta t e  Department of Public 

Dr. K. L. CI,I.;EKE. Director of I’ublic Health, Colorado Stnte Ikpartment  of Public 

CARL FRASURE, Committee of S t a t e  OfBcials on Suggested S ta t e  Legislation, West 

ROBERT H. GIFFOBD, Executive Director, Southern Inters ta te  Nuclear Board, Atlanta, 

C. W. HLASSEN, Chief Sanitary Engineer, Illinois Department of Public Health, Spring- 

Dr. I \ ~ O R R I S  KLEINFELD, Director, Division of Industrial  Hygiene, New Tork, S t a t e  

W. T. LINTON, Executive Director, Water Pollution Control Authority, South Carolina 

HENRY Ai. MARX, Coordinator, Atomic Development Activities, Westport, Conn. 
Dr. JAMES E. PEAVY, Commissioner of Health,  Texas State Department of Health, 

K’ILLIaar J. PIERCE, National Conference of Commissioners on Uniform Laws, Uni- 

B. A. POOLE, Director, Bureau of Environmental Sanitation, Indiana S ta t e  Board of 

D. P. HOJWRTS, Chief, Industrial  Hygiene Section, Tennessee Department of Health, 

OLII  ISK 11. TowssI:sii, 1)irector. Sew Tnrk Stntv  Office of Atomic and Space Derelop- 

Washington, D.C. 

Health, Olympia, Wash. 

Health, Denver, Colo. 

Virginia University, Norgantown, W. Va. 

Ga. 

field, Ill. 

Department of Labor, New Pork, N.T. 

State Board of Health,  Columbia, S.C. 

Austin, Tex. 

versity of Michigan Law School, Ann Arbor, Nich. 

Health, Indianapolis, Ind. 

Nashville, Tenn. 

ment, New Tork, N.T. 

“committee did not  meet in 1967. 
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Advisory Commitfee on Technical Information 

This  committee was  established during 1961, replacing t h e  Advisorx e 
Industrial  Information, formed in 1949. The  committee advises and assists in ‘;::i:t- r, : 
a n d  execution of t h e  AEC’s technical inf Ormation Program. %.: 

1- I‘ .z 

e Of TcAehn~lr,,, 

E D ~ . ~ R D  J. BEUKEXKAXT, C h a i m a c  ; Director, Division of Technical I ~ ~ ~ ~ ~ ~ ~ , ~ ,  

CARROLL G .  BORES, Director, the  N.I.T. Press, Jlassachusetts Insti tut  

JOHN E. DOBEIS, Project Director, Educational Testing Service, Princeton, K.J 
J A ~ ~ E S  L. GASLORD, Senior Pa r tne r  of James L. Garlord Associates, pacific rali 

Atomic Energy Commission, Washington, D.C. 

Cambridge, Mass. - *  

Cnlif. ‘hllr,  
~ 

Dr. ALLEN G.  GRAY, Editor, “Metals Progress,” American Society for N ~ ~ ~ ~ ~ ,  ~~ 

Park. Ohio. h z  

FRED p. PETERS, Executive Vice President, Reinhold Publishing Corp., xew yort, ~,~ 

KARL T. SCHWARTZWALDER, Director of Research, A-C Spark Plug Division ~~ 

’ -°CQ. 

OLIVER H. TOWNSEXD, Director, New Pork Sta t e  Atomic and  space I ) ~ ~ ~ , ~ ~ ~  

Motors Corp., Flint,  Mich., representing t h e  American Ceramic s0cietv 
bus, Ohio. 

Authoritv. New Pork. N.Y. ?E! 

- ’  ne., CrJ;,& 

“ I  
~~ ~ 

JOHK W. WRIGHT, Vice President fo r  Marketing, McGraw-Hill Book eo., II,r., S r ~  
Pork, N.Y. 

The  committee did not meet in 1967. 

Technical Information Panel 

development, a n d  execution of t he  Commission’s technical information program, 
on mat te rs  of interest  to  the  National Laboratories and  major operating contractors. 

The  panel was established in 1948 to advise a n d  assist t h e  AEC in the planning, testk 
Prhnri i ;  

EDMARD J. BRUENKANT, Chairman ; Director, Dirision of Technical Information, ~ ~ 

BREWER F. BOARDMAN, Director, Technical Information, Idaho  Nuclear Gorp., 

CLARENCE T. BROCKETT, Head, Technical Informaton Department, Lawrence P,ndjntiop 

JOHN E. DAVIS, Senior Administrative Assistant, Department of Naterials EnginerinE 

W. E. DREESZEN, Head, Information and Security, Ames Laboratory, Ames, lows. 
DOROTHY N. DUKE, Technical Librarian, Atomic Energy Division, the Bat,coct 

DOUGLAS DUPEN, Technical Information Department, Stanford Linear Accelerator 

W. L. HARWELL, Senior Legal Advisor, Legal and  Information Control Department, 

Dr. C. P. KEIM, Director, Technical Information Division, Oak Ridge Kational &bo=. 

NAX K. LINK, Director of Information, Sandia Corp., Sandia Base, Albuquerque, N. M ~ U  
FRANK R. LONG, General Supervisor, Information Services, Atomics Internationd 

JOHN H. NARTENS, Director, Technical Publications Department, Argonne Kationel 

W. A. MIKITLER, Supervisor, Bettis  Technical Information, Westinghouse Electric Corp.. 

Dr. JUDD C. XEVEKZCL, University of California, Labwatory  of Nuclear Medicine, Lm 

STEWARD W. O’REAR, Supervisor, Technical Information Service, Savannah R i m  

A. D. PEPJIUELLER, Manager, Technical Information Department, Sandia C0rP.t Lire€* 

DENSIS PULESTON, Head, Information Division, Brookhaven National Laboratfm 

HELES F. REmfAh’ ,  Librarian, Los Alamos Scientific Laboratory, Los Alamos, N- 
FRAKK D. SHEARIS, Technical Editor, Nonsanto Research Corp., Mound Laboraton* 

Atomic Energy Commission, Washington, D.C. 

Falls, Idaho. 

Laboratory, Livermore, Calif. 

Battelle Nemorial Insti tute,  Columbus, Ohio. 

Wilcox Co., Lynchburg, Va. 

Center, Stanford Unirersity, Palo Alto, Calif. 

Union Carbide Corp., Oak Ridge, Tenn. 

tory, Oak Ridge, Tenn. 

Canoga Park ,  Calif. 

Laboratory, Argonne, Ill. 

West Nifflin, Pa. 

Angeles, Calif. 

Laboratory, Ailien, S.C. 

more, Calif. 

Upton, N.Y. 

Niamisburg, Ohio 

- s - grams, Unire 

tory, Los S la  
Dr. FRANK C. 
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Angeles, Cali 
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committee nwt 
~ i r e r m o r e ,  Calif.. 
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The Mathematics 
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on computer 
el problems in  this f 

- Dr. BENCT G. C 
Prof. GERALD 

Angeles, Cali 
Dr. SIDSET F E ~  

versity of Cal 
Dr. J. WALLACE 

tory,  Argonn 
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Washington, 
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X.Y. 
The committee me 
Sovember 2 a t  Broo 

Nuclear Cross Section 

This committee r 
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Dr. HCKRY T. n 
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Dr. EUGENE E> 

Dr. J. R E G I X ~ I  

- Dr. h I A R 1 0  L. J 
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c. cf. STEVENSON, Technical Information Section 3lanager. Pacific Xorthn-est Labora- 

Dr. STCART STURGES, Nanager. Technical Information, Knolls Atomic Pomer Labora- 

CBARLES D. TABOR, Assistant hlanager, Technical Division, Gcodyear Atomic Corp., 

JOSEPH W. VOTAW, Assistant to Technical Director, National Lead Co. of Ohio, Cin- 

Dr. RAYMOND K. WAKERJ~ING, Chief, Technical Information Division, Lawrence Radfa- 

ROBERT L. S H A N S O K ,  Secretam; Est. Afannger, Dirision of Technical Information 

tory, Richland, Wash. 

tory, Schenectady, N.T. 

piketon, Ohio 

cinnati, Ohio 

tion Laboratory, Berkeley, Calif. 

Extension, U S .  Atomic Energy Commission, Oak Ridge, Tenn. 

I 

anel met twice in 1967, Janua ry  16-18 in Oak Ridge, Tenn. a n d  October 19-20 i n  
-3% :&Ston, D.C. 

,,,ittee of Senior Reviewers 

Committee of Senior Reyiewers studies thp major  technical activities of t he  Atomic 
yrfl Commission program and adrises the  Commission on classification and  declassifica- 

matters, making recommendations wi th  respect to the classification rules and  guides 
-111 

the control of scientific and  technical information. 
Dr. WARREN C. JOHNSOS, Chuirmun; retired Vice President for  Special Scientific Pro- 

Dr. EUGESE EYsTER, Alternate G N X  Division Leader, Los Alamos Scientific Labora- 

Dr. FRANK c. HOTT, Consultant to Theoretical Division, Los Alamos Scientific Lab- 

Dr. J. REGINALD RICHARDSON, Professor of Physics, University of California a t  Los 

Dr. JESSE W. BEAMS, Professor of Physics, University of Virginia, Charlottesvflle, \'a. 
ROBERT W. HENDERSON, Yice President, Sandia Corp., Albuquerque, K. &lex. 

-$ committee met three times during 19F7 : February 6-7 a t  Berkeley, Calif., March 29 
.Lirermore, Calif., and  December 19-21 at Albuquerque, 3. Alex. 

1' 

grams, Unirersity of Chicago, Chicago, 111. 

tory, Los Alamos, N. Nex. 

oratory, Los Alamos, N. &lex. 

Angeles, Calif. 

= 

&,hematics and Computer Sciences Research Advisory Committee 

me Mathematics and  Computer Sciences Research Adrisory Committee was established 
-1960 as an advisory board to the  Dirision of Research of t h e  AEC to  make recommendn- 
ns on computer research and  derelopnient programs and  proride advice and  guidance 

:problems in  this field. 

Dr. n f A R I 0  L. JUSCOSA, Chairman; The  Rand Corp., Santa  Monica, Calif. 
Dr. BENCT G. CARLSON, Los Alamos Scientific Laboratory, Los Alamos, N. &lex. 
Prof. GERALD EST~IS,  Department of Engineering, University of California a t  1.0s 

Dr. SIDXEY F E R S B A C H ,  Computation Division, Lawrence Radiation Laboratory, Uni- 

Dr. J. WALLACE GIVENS, Jr., Applied Mathematics Division, Argonne National Labora- 

Dr. ALSTOX S. HOUSEHOLDER. Oak Ridge Kational Laboratory, Oak Ridge. Tenn. 
Dr. CHARLES V. L. SXITH, Division of Research, U.S. Atomic Energy Commission, 

Dr. Posmo SHAniA%foTo, Secretarv; Brookharen National Laboratory, Upton, 

-5e Committee met twice during 1967: on September 1 at  Washington, D.C., and  
qrember 2 a t  Brookharen Kational Laboratory. 

Angeles, Calif. 

rersitp of California. Liyermore. Calif. 

tory, Argonne, Ill.  

Washington, D.C. 

K.Y. 

deor  Cross Sections Advisory Commiffee 

This committee provides consultation and  guidance fo r  t he  Commission's program of 
:clear cross-section measurements. Information from this program i s  of fundamental  
-Wtnnce to many activities of the XEC. 

Dr. HESRT T. MOTZ, Chairinan; Los Alamos Scientific Laboratory, LOS Alnmos, N. Mex. 
Dr. HARRY ALTER, Atomics International,  Canoga Pa rk ,  Calif. 
Dr. R. S. CASKELL, Kational Bureau of Standards,  Kashington ,  D.C. 
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Dr. R. E. CHRIEN, Brookharen Kational Laboratory, Upton, ~ . p .  
Prof. HERBERT GOLDSTEIN, Columbia University, New York, ~ . y .  
Dr. EUGENE HADDAD, Division of Research, U.S. -atomic Energy c0 
Prof. IIEXRY T5’. NEFSOS, Duke University, Durham, N.C. 
Prof.  GERALD C. PHILLIPS, Rice Unirersity, Houston, Tes. 
Prof. ERV~IS F. SHRADER. Case-Western Reserve University, Cleveland 
Dr. PAUL H. STELSOX. Oak Ridge SatiOnal Laboratory, Oak Ridge, T~~~ 

, o ~ t n i t t e e  met fi. 
I@ September 7-3 a t  
;a’ Livermore, Calif 
,@j 

’ 0. ne/ Security Rev; 
p o ”  

Tfbis  ttonrcl was np1 
ington, D.C. nrhich arise un 

$‘es endations con$ 
Energy Commission, Washington, D.C. @$$sion on the  b 

L determining eligib 

J O ~ X  J. WILSON, 
bouls A. TURNER, 
VACAXCY 

board reviewed : 

ington, D.C. 

Dr. N. F. WIKNER, Defense Atomic Support Agency, Department of ~ ~ i ~ ~ , ~ ,  
Dr. IRA F. ZARTMAN. Division of Reactor Del-eloPment and  Technology, u.s, .~ tQmt,  

Dr. MICHAEL S. MOORE, &‘eCretWl/; Idaho Nuclear CorP., Idaho  all^, 
During 1967, t he  committee met on April 13-14 at Brookharen National L ffl 

October 17-18 at Idaho Falls, Idaho. 

High Energy Physics Advisory Panel 

Section 161a of the  Atomic Energy Act, t o  review On a continuing basis, 
Energy Physics Research Program and to Provide advice and recommendations 
Division of Research with respect t o  th i s  program. 

This advisory panel was  established in November 1966 Pursuant to the prorisiona 1967. 

thr 

I * Dr. RODNEY L. COOL, Brookhaven National Laboratory, Upton, N.y. 
Prof.  EARLE C. FOWLER, Duke University, Durham, N.C. 

Dr. GEORGE E. PAKE, Washington University, St. Louis, No. 

4 ~ 

~ - - 
Prof. LEON LEDERMAN, Nevis Laboratories, Columbia University, IryingtOn, x.y. 3 
Dr. EDWARD J. LOFGBEN, Lawrence Radiation Laboratory, Berkeley, Calif. I 

~ 
~ 
~ - - 

prof. W. K. H. PANOFSKY, Stanford Linear Accelerator Center, Stanford UniremltJ, I 
Stanford. Calif. s - 3 

Prof. ROBERT G. SACHS, Argonne National Laboratory, Argonne, 111. - 
Prof. KEITH R. SYMOX, University of Wisconsin, Xadison, Wis. 
Prof. ROBERT L. WALKER, California Ins t i tu te  of Technology, Pasadena, Calif. 
Prof. ROBERT R. WILSON, National Accelerator Laboratory, Oak Brook, 111. 
Prof. C. N. FANG, S ta t e  Uni-iersity of Kew Fork, Stony Brook, N.T. 

Dr. BERNARD HILDEBRAND, EZecUtice SeWetarg; Division of Research, c . ~ ,  

The committee met seven times during 1967:  January 29, February 10, and March 2&?( 
at Cambridge, Mass. : May 28-29 a t  Lawrence Radiation Laboratory, Berkeley, calif : 
September 15-16 a t  Washington, D.C. : October 26 at Oak Brook, 111. ; and December ,4-g 
at  Argonne Kational Laboratory, Argonne, Ill. 

Standing Committee for Controlled Thermonuclear Research 

The  Commission established on J u n e  21, 1966, a Standing Committee for ControIlcd 
Thermonuclear Research. This  committee rex-iews, on a continuing basis, the AEC’s a5 
trolled thermonuclear program and  provides advice and  recommendations to the Divlsioo 
of Research and the  Commission re la t i re  t o  t h e  program. The committee vias established 
to ensure closer cooperative effort within the  program and  t o  provide guidance on lmgfr 
menting major program decisions. The  committee has four  members who are directors a! 
the  controlled thermonuclear research in their respective laboratories, and four m e m k m  
from t h e  scientific community outside of the  AEC and  its major laboratories. 

Atomic Energy Commission, Washington, D.C. 
~ 

e 

Dr. AMASA S. BISHOP, Chairman; Assistant Director fo r  Controlled Therrnonudear 
Research, Division of Research, U.S. Atomic Energy Commission, Washington. D.6  

Dr. LEWIS Bf. BRANSCOMB, Joint Ins t i tu te  fo r  Laboratory Astrophysics, Unirer6lt.F of 
Colorado, Boulder, Colo. 

Dr. SOLOMON J. BIJCHSBAUM, Bell Telephone Laboratories, Holmdell, N.J. 
Dr. ~ I L L I A D f  A. FOWLER, California Ins t i tu te  of Technology, Pasadena, Calif. 
Dr. MELTIN B. GOTTLIEB, Princeton Plasma Physics Laboratory, Princeton, X.J. 
Dr. ARTHUR H. SNELL, Oak Ridge National Laboratory, Oak Ridge, Tenn. 
Dr. RICHARD F. T A S C E E K ,  Los Slnmos Scientific Laboratory, Los Alamos, 
inr. CHTSTER VAN ATTA, Lawrence Radiatian Laboratory, Livermore, Calif. 

llrs. 

’: ., ‘ 4, 
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pr. 1 I . m O L I )  \T. LEWIS, Uuioersits of California at San ta  Earbnrn, Santa  Bnrbnra, 
~ Calif. 

committee met five times during 1967 : Februarx 3-4 a t  Oali Ridge. Tenn. ; April 2s-29 
,j September 7-8 at  Washington, D.C. ; October 30-31 at the  Lawrence Radiation Labora- 

Lirermore, Calif., and  December 14-15 a t  Princeton, K.J. Jf? 

pis  board was appointeG in Blnrch 1949 prilnnrily to  reTiew specific personnel securitr  
,$s which arise under the  Commission’s administrative review procedure and to  make 
Jpmmendations concerning them to the  General Manager. This board also advises the  

+mission on the  broader considerations regarding personnel security, such as criteria 
;r determining eligibility for security clearance and  personnel security procedures. 

- JOHN J. WILSON, Chairman, Washington, D.C. 
MUIS A. TURNER, Princeton. N.J. 
VACANCY 
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= MAJOR AEC-OWNED, CONTRACTOR-OPERATED INSTALLATIONS::: 
LABORATORY (Iowa Sta te  University of Science and Technology, contractor),  ames,  

Rccor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _  
istsllt Director _________________________-------- 

Dr. F r t a s ~  H. SPEDDIXC 

Dr. ADOLrH 5’. YOICT 
Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _  Dr. ~ I O K T O N  SMICTZ 

NE NATIONAL LABORATORY (University of Chicago and  Argonne Universities .k3soCia- 
contractors), Argonne, 111. 

e Director __-__________________-----__---- 
e Director __-_____________________________ 

ejate Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - -  
a n t  Director _________________________________ 

____-__________________-_______-_--___-_- Dr. ROCERT B. DUFFIELD 
Dr. WINSTOX N. ~ I A X S I S C  
Dr. STCPHEX LARROSHI 
Dr. ROBERT G. SACHS 
Dr. RICHARD 31. ADAMS 

University of Chicago 

president __-_________________________________ 
vice President, Special Projects - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  
Argonme Universities Arrociafion 

Chairman, Board of Trustees _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
president _-__________-________--_-_---__----- Dr. PHILIF  S. POWERS 

Ih. GEORGE W. BEADLE 
W. B. HARRELL 

Dr. HOWARD BOWEX 

The Participating insti tutions in the  Argonne Universities A4ssociation are : 
Carnegie-Afellon University University of Arizona 
Case-Testern Reserre University Unirersity of Chicago 
Illinois Ins t i tu te  of Technology University of Cincinnatf 
Indiana University University of Illinois 
Iowa Sta te  Unirersity University of Iowa 
Kansas S ta te  UniversitT University of Kansas 
~ o y o l a  Unirersity Un i r-ersi ty of Ni chigan 
Yarquettc University University of Minnesota 
Nichigan S ta t e  University University of Missouri 
Sorthn-estern University University of ICotre Dame 
Ohio S ta te  University University of Wisconsin 
Purdue University Kashington University (S t .  Louis) 
St .  Louis University Wayne State University 

iT15 ATOMIC POWER LABORATORY (Kestinghouse Electric Corp., contractor),  Pit tsburgh, Pa. 
->era1 3f:ina,”cr ________________-_____------_-__- S. A. BELDECOS 
mger, Operations _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A. P. ZCCHELLA 
xroller __--_-_________________________________ TT. C. BCLETTE, Jr. 

WKHAVEN NATIONAL LABORATORY (Associated Universities, Iiic., contractor),  Upton, K.T. 
-nratory Director ________________________________  Dr. MAURICE GOLDHABER 
-;W Director ________________________^__________ Dr. GEORGE VISEYARD 
wiate Director Dr. VICTOR P. BOXD 
Awlate Director Dr. R O D S E Y  L. COOL 

Associated Universities, Inc. 

Chairman, Board of Trustees . . . . . . . . . . . . . . . . . . . .  Dr. ERXEST F. J o ~ s s o x  
President - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. T. KEITH GLESXAA 

‘Only installations where the -4Ec.s inx-estrnent i n  p lan t  and  equipmmt exceeds 62.7 
-,llCm arc listed. Other research and  der-elopment installations a re  listed in the  SppWldiX 

the supplementary report, “Fundamental  Suc lear  Energy Research-1967.” 

-t . 
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The participating insti tutions in Associated Unirersities, Inc., ape : 3 Deputy u A  

Staff Nanagc 
Princeton Uni\-ersitS - 

Cornell University University of Pennsglranla * g St& Manager. Columbia University 

H a r r a r d  University CnirersitF of Iiochestrr 1 States Test1 
The Johns Hopliins Unirersity Tale Unirersity Gpl,pral Manus  

f ,rnnnger, h s i i :  nlnssachusetts Insti tute of Technologs 

- 

Contract a h n a g e r  (Vice President) 
Plant hlanager------------------------------------ D. E. H E F F E L E ~ , ~ ~ ~  
Administration & Services Dirision Alanager----------- 
Engineering Dirision Naanger_---------------------- 
Manufacturing, Division A blanagcr------------------ 
Manufacturing, Division B Nanager------------------ 

R. B. JEWELL 

R. S. RaarsEr 
c. R. POOLE 
F. J. B R O D ~ ~ ~  
p. D. HOLLIDA~ 

CAMBRIDGE ELECTRON ACCELERATOR (Jlassachnsetts InStitUtP O f  Trchnology and HarvnrG ~~~ 

rersity,  contractors),  Cambridge, Nass. 
Director ______________-_---- Dr. CARL S T R ~ U ~ ~ ~  
Assistant Director _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ - - -  --------------- 
Assistant Director _ _ _ _ _ _ _ _ _ _ _ _ _ -  .................... 
Assistant Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - -  -------------- 
Business Nanager ____-_______-_----- ------------:-- 
FEED MATERIALS PRODUCTION CENTER (National Lead (20. Of Ohio, Contractor), F ~ ~ ~ ~ ~ ~ ,  Cthit 
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APPENDIX 4 

ANNOUNCED DEFENSE-RELATED UNDERGROUND NUCLEAR 
DETONATIONS, 1967 

Low Intermediate 
Low Intermediate 
Low 
Low 
Low Intermediate 
Low 
Low 
Low 
Low 
Low Intermediate 
Intermediate 
Intermediate 
Low Intermediate 
Low 
Low 

Low Intermediate 
Low 
Low 
Low 
Low Intermediate 
Low Intermediate 
Intermediate 
LOW 
Low 
Low 

1 Plowshare (peaceful uses) program detonations are not included here (see Chapter 11). 
,Low yield, less than 20 kt.; low intermediate yield, 20 to 200 kt.; and intermediate yield, 230 kt to 

3 Conducted in the Pahute Mesa area of the NTS. 
4 Department of Defense event conducted with AEC laboratory assistance. 

1 megaton. 
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APPENDIX 6 

RULES AND REGULATIONS 

The AEC’s regulations are contained in Title 10, Chapter I of the  Code of Federal Remla- 
Effective and proposed regulatinns concerning licensed activities and published in the 

4d,yaZ Register during 1967 are  set forth below. 

REGULATIONS AND AMENDMENTS PUT INTO EFFECT 

@e Navigational Instruments-Part 30  

on January 24, 1967, an  amendment of P a r t  30 (“Rules of General Applicabillty to 
‘jwnsing of Byproduct Material”) was published, effective February 23, 1967, which 
&mpted from licensing requirements the possession and use of marine navigational instru- 
rents containing not more than 250 millicuries of tritium gas. The amendment also requires 
$e tritium content of license exempt marine compasses to  be in the physical form of gas. 

wmethium- 147 in Timepieces-Part 30 

An amendment of P a r t  30 was published on October 6, 1967, effective upon publication, 
&ich exempted from licensing requirements the possession and use of watches and clocks 
rith dials and hands containing small quantities of promethium-147. Importers of such 
aepiec%s, and persons who apply promethium-147 to timepieces, hands, and dials must be 
Fdflcally licensed. 

fimmethium-I47 in Spark Gap Tubes-Parts 30,32 

On April 26, 1967, an  amendment of Part 30 was published, effective upon publication, 
rhIch exempted from licensing requirements the possession and use of spark gap tubes con- 
gining not more than 30 microcuries of promethium-147. Part 32 (“Specific Licenses to 
!fanufacture, Distribute or  Import Exempted and Generally Licensed Items Containing 
5rproduct Material”) was amended also 60 tha t  such tubes would not be subject t o  t h e  
:oality control requirement of visual inspections. 

~ndivm-46 in Labeled Resins-Parts 30, 32  

On March 18, 1967, amendments of Parts 30 and 32 were published, effective April 17, 
!967, which : ( a )  exempted from licensing requirements the possession and use of resins 
mtaining scandium-46 and designed for  sand consolidation in oil wells and ( b )  set  out 
wuirements for issuance of specific licenses for  the manufacture or import of such resins. 

‘rifium in Aircraft Sofety Devices-Parts 3 I ,  32 

On Nay 16, 1967, amendments of Part 31 (“General Licenses for Certain Quantities of 
Jpproduct Mnterfal and Byproduct Material Contained in Certain Items”) and Part 32 
rere published, effective June 15, 1967, which increased the quantity limit of generally 
xtnsed tritium in any single luminous aircraft  safety device from 4 curies to 10 curies. 

Medico1 Licenses of Broad Scope-Part 35 

An amendment to Part 35 (“Human Uses of Byproduct Material”) was published on 
ktober 14, 19G7, effective November 13, 1967, which permits the AEC to consider an  
@lieation for a license for a diagnostic use of byproduct material as an application for  a 
Tense fo r  related uses of rndioisotnges. and t o  issue a license for such related uses, addi- 
:and to those requested by the applicant, if the applicant satisfies the licensing criteria for 
l e  group of related uses. 

34 1 
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Aircraft Engine Parts Containing Nickel-Thoria AlloY-Part 40 

On November 18, 1967, an amendment Of Part 40 was published, effective December IR. 
1967, which exempted from licensing requirements the possession and use of finishe 
craft engine parts containing nickel-thoria alloy. In addition, the amendment ProHda ~ 

general license for  export of such parts to countries other than Sine-Soviet bloc destinations 
and Southern Rhodesia. 

Elimination of Statement of Reasons-Part  50 

On Febriiary 21, 1967, an amendment of Part 50 (“Licensing Of Production and utiliza- 
tion Facilities”) was published, effective upon publication, concerning applications tor 
surrender of licenses. The amendment eliminated the requirement tha t  a licensee proride 
statement of reasons in an application to  surrender the license, dismantle the facility, and 
dispose of its components. 

SNM Control and Physical Inventory-Part 7 0  

On February 3, 1967, an  amendment of Part 70 (“SPeCial Nuclear Material”) was pub. 
lished, effective March 5, 1967, which required holders of licenses for special nuclear ma. 
terial ( S N N )  to adopt material control systems t o  better enable them to account for 
the  special nuclear material which they are  licensed to possess and to perform phpicn! 
inventories of such material. 

“Private Ownership“ Amendments-Parts 50, 70, 1 15, and 140 

On February 7, 1967, amendments of Par ts  50, 70, 115 (“Procedures for Review of Cer- 
tain Nuclear Reactors Exempted from Licensing Requirements”) and 140 (“Financial Fm- 
tection Requirements and Indemnity Agreements”) in partial implementation of the ‘‘prl- 
r a t e  ownership” amendments to  the Atomic Energy Act, were published, effective March 9. 
1967. They reflect the Commission’s authority to  issue licenses to receive title to, own, BC 

quire, deliver, import, or export, under the terms of a n  agreement for  cooperation arranged 
pursuant to section 123 of the Act, special nuclear material. 

SNM Allocation and Distribution Procedures-Parts 50, 70 

On Narch 15, 1967, amendments of Parts 50 and 70 were published, effective April 14. 
1967, which discontinued the Commission’s regulatory procedure for allocating and &- 
tributing special nuclear material to  production and utilization facility licensees and to 
special nuclear material licensees. 

Exclusion of Acts of W a r  in Issuance of Facility L i c e n s r P o r t s  50,  115 

On September 26, 1967, amendments of Parts 50 and 115 were published, effectire October 
26, 1967. These changes codify the Cornmission’s practice of no t  requiring applicants 
facility licenses Or authorizations to  provide design features or other measures t o  protee’ 
fJPecifiCallY against effects o f :  (a) attacks and destructive acts, including sabotage* ’- 
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Financial Protection Reqvirementsdart 140 

amendment to Part 140 to  increase financial Protection requirements for Poffer and 

Publtshed dng reactors of less than 100 Mwe. but  more than One thermal megawatt 
June 7,1967, and became effective August 6,1967. 

Jircejlaneous Amendments of Parts 2,20 ,  and 150 

on July 15, 1967, amendments of Parts 2, 20, 150 were published, effective on publica- 
to reflect changes in the organization atnd functions of regulatory divisions and to 
minor procedural changes. Part 2 concerns “Rules of Practice ;” Part 20, “Standards 

protection Against Radiation ;” Part 150, “Exemptions and ContiBued Remlatory 
ority in Agreement States under Section 274.” 

PROPOSED REGULATIONS AND AMENDMENTS 

oifericr for the Use of Respiratory Equipment-Part 20 

gn Noyember 4, 1967, proposed amendments of P a r t  20 were published for  comment 
,bich would: ( a )  permit use of respiratory protective equipment without prior AEC 
,,@orization in nonroutine operations where adequate limitation of t h e  inhalation of 
.@active materials by use of ventilation or other engineering controls is impractical ; 
J )  establish criteria for respiratory protective equipment programs, and (c)  make 
changes in 8 20.103 concerning exposures of indiriduals to  airborne concentrations. 

lapork of Fxposures fo Rodidion-Part 20 

on November 16, 1967, the Commission published for public comment proposed amend- 
pents of Part 20 which would require annual reports to the AEC of certain identification 

radiation exposure information and indicate more specifically the radiation exposure 
mrds required. The reported information would be maintained in  a central repository 
ahjch would provide a n  index of persons monitored for exposure to radiation. In addition, 
;he system mould accumulate information in one place for individuals who have worked 
for more than one employer or  ia more than one State. 

hornethiurn-147 in Aircraft Safety Devices-Parfs 31,32 

On September 21, 1967, proposed amendments of Parts 31 and 32 were published for 
public comment which would increase the quantity limit of generally licensed promethium- 
147 in  any  single luminous aircraft  safety device from 100 millicuries to  300 millicuries. 

license Fees-Ports 30,40 ,  50, 70, and 170 

On March 11, 1967, proposed amendments of Parts 30, 40, 50, and 70, and a new Part 
IC0 were published which would establish fees for  facility construction permits and operat- 
mg licenses issued under Part 50, and for certain byproduct, source, and special nuclear 
materials licenses issued under Parts 30, 40, and 70. A 60-day comment period was pro- 
rided, followed by a 60-day extension. 

“Sfretch Capocify” of Power Reactors-Part SO 

A proposed amendment of Part 50 was published for  public comment on February 14, 
1967, which would require a n  applicant for a permit to  construct n nuclear power reactor 
to submit with his application data  pertinent to operation at the ultimate (“stretch”) 
power level. 

financial Qualifications of Facility Appficanfs-Part 50 

Proposed amendments to P a r t  50 to provide additional guidance on the kinds of 
information required to establish financial qualifications of applicants for licenses t o  
construct and operate nuclear production and utilization facilities were published on 
June 13, 19G7, for a 60-day comment period. On August 15, 1967, a notice was published 
extending the comment period f o r  an  additional GO days. 
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General Design Criteria for Nuclear Power PhtS-Part  50 

“General Design Criteria for  h’UClear Power P lan t  Construction Permits” mere Putlisbetl 
as a proposed amendment of Part 50 on July 11, 196i ,  for a 60-day comment 

alld interim guidance. The  proposed criteria were a revision and  expansion of similar criteria 
%-hi& \yere distributed with a press announWment On h‘orember 22, 1965. 

Pile Driving Before Issuance of Construction Permit-Parts 50, 1 I5 

Proposed amendments of P a r t s  50 and  115 which Would Permit the  driving of 
foundnt im support  of a nuclear reactor i n  adrauce  of the issuance of a construction 
were published fo r  comment on August 3,1967.  

Bilateral 

,/-- 

Countr 

Special arra,ngemcnt: 
U.S.-U.S.S.R __--- - 

See footnotes at  en 

Orgnniza 

European Atomic E 
nity (Euratom). 

Euratom, - - - - - - - 
hternational Atomic 

(L4EA). 
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APPENDIX 7 

INTERNATIONAL AGREEMENTS 

Bilateral Agreements for Cooperation in the Civil Uses of Atomic Energy 

w 
it Country 

,-- 
Scope Effective Termination 

date date 
,, 
,ggentina _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  July 29,1955 July 27,1969 
)&alia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _  May 28,1957 &lay 27,1997 
(&ia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jan. 25,1960 Jan. 24,1970 
q,uil _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Aug. 3,1955 Aug. 2,1975 
:soda _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _____-.__._______ July 21,1955 July 13,1980 
-him, Republic of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 18,1955 July 17,1974 
-&mbis 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mar. 29,1963 Mar. 28,1967 
;*ark _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 25,1955 Sept. 7,1968 
; r sces  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Aug. 4,1955 Aug. 3,1974 
*,ai8 ____---_---_---- -- __-___-______ Research and Power _______________._ Oct. 25,1963 Oct. 24,1993 
lodonesia __-__-______-______________ Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sept. 21,1960 Oct. 30,1970 
'la _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Apr. 27,1959 Apr. 26,1969 
@end ____-__-__---________________ Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 9,1958 July 8,1968 
pel  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research ___________________._________ July 12,1955 Apr. 11,1975 
$v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _  Apr. 15,1958 Apr. 14,1978 
Japan _________.__--__-______________ Research and Power ____________...._ Dec. 5.1958 Dec. 4,1968 
p e a  __._________--__-______________ Research ___________________._________ Feb. 3,1956 Feb. 2,1976 
(orway _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power ____..__.._______ June 8,1967 June 7,1997 
psnama _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  June 27,1963 June 26,1968 
?hilippines _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research ____________________..-.---.- July 27,1955 July 26,198 
portugaL _-__________-______________ Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 21,1955 July 20,1969 
30th Africa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  Aug. 22,1957 Aug. 21,1977 
$sin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power ___________.-_-__ Feb. 12,1958 Mar. 31.1988 
weden _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _____.___________ Sept. 15,1966 Sept. 14,1996 
Switzerland _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research and Power _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  Aug. 8,1966 Aug. 7,1996 
Thailand _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mar. 13,1956 Mar. 12,1975 
furkey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  June 10,1955 June 9,1971 
Cnited Kingdom _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Research _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 21,1955 July 20,1976 
Cnited Kingdom _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 15,1966 July 14,1976 
renezuela - -____-- - -_-______________ Research and Power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Feb. 9,1960 Feb. 8,1970 
lietnam -_--_________-______________ Research and Power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  July 1,1959 June 20,1974 

21 
d 

< -  

9pccial arrangement: 
US.-U.S.S.R _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Agreement on Cooperation in Desali- Nov. 18,1964 Nov. 18.1968 

nation (Information and Personnel 
Exchange). 

See footnotes at end of tables. 

Agreemenfs for Cooperation with International Organizations 

Organization Scope Effective Termination 
date date 

European Atomic Energy Commu- Joint Nuclear Power Program-------- Feb. 18,1959 Dec. 31,1985 

EQratOm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Additional Agreement t o  Joint Nu- July 25,1960 Dec. 31,1895 

International Atomic Energy hgency Gupply of materials, etc- _ _ _ _ _ _ _ _ _ _ _ _ _  Aug. 7,1959 Aug. 6,1975 

nits (Euratom). 

clear Power Program. 

(IAEA). 
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Trilateral Safeguards Agreements 

Participant Scope Effective - 
date 

Agreements for Cooperation for Mutual Defense Purposes ‘ 

Participant Eflectire date 

Mar. l ? , I r n  
bug. 1% 1957 
Sept. 5,1962 
July 2;,1&9 
July 20.1959 
Oct. 9,lacl 
July 2;,1959 
Aug. 1 / 1 W  
May 24,1861 
July 2i,1859 
July 27,1958 
Aug. 4,1958 

1 Extending agreement signed but not yet in force. 
2 Provisionally in form. 
a Effective date to be established. 
4 Except for the Agreement with France of July 20, 1959, dl these Agreements provide for exchange of 

4 The United Eingdom agreement is the only one that also prorides for the axchange of weapon design 
classified information as provided for in Section 144b of the Atomic Energy Act. 

fnformation or exchange of nuclear materials for use in a weapon development and fabrication program. 

46 ospace . Nuclear Saffi 
p t i o n  Center. 

i,c&rator Informatio 

-$@ied Science D a h  

~ p n u e  Code Center. 

nformation Center. 
mputer  Index Neuti 

~ p e d  Salts Informatio 

g w a - R a y  Spectrum 

l&mnation Center for 
li Exposure. 
* Iaformation Integratio! 

I latopes Information C 

- 
- 

~ - 
~ 

~ 

Laboratory Animal Inf 

Liquid Metals Inform: 

ational Neutron Croi 

National Oceanograph 

Nuclear Data Project- 

Nuclear Desalination I 

uclear Safety Inform 

Radiation Chemistry 1 

Radiation Effects Info] 

Radiation Shielding Ir 

BareEarth Informatic 

Reactor Physics Const 

Research Materials In; 

Shock Wave Data Cer 

Thermodynamic Prop 
Metals and Alloys. 

Further detail as ti 
whom services are mi 
Centers,” available frer ’ Name changed fro1 

Name changed fro1 
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TECHNICAL INFORMATION 

aospm Nuclear Safety Infor- 
’&ion Center. 
Gelerator Information Center-- 

lied Science Data Group *-_ - .PP 
,gonne Code Center---.-- __-_- -  

-,wit and Molecular Processes 
E Idorlormation Center. 
$gged Particle Cross Section 
‘lafonnation Center. 
@pater Index Neutron Data 
Center. 
ll@ity Data Center _ _ _ _ _ _ _ _ _ _  
& SaltsInfomation Center-- 

;@a-Ray Spectrum Catalog-.. 

goa t ion  Center for Internal 
Erposure. 

domation Integration Group_- 

*topes Information Center----- 

aboratory Animal Information 
Center. 

Jpid Metals Information 
Center. 

\ational Neutron Cross Data 
Center. a 

\ational Oceanographic Data 
Center. 

inclear Data Project _ _ _ _ _ _ _ _ _ _ _ _  
\oclear Desalination Informa- 
oon Center. 
soclear Safety Information 
Center. 

m t i o n  Chemistry Data 
Center. 

aation Effects Information 
Center. 

hdiation Shielding Information 

2ueEarth Information Center-- 

;extor Physics Constants 
Center. 
:&arch Materials Information 
Center. 

ioek Wave Data Center _ _ _ _ _ _ _ _  
hmodynamic Properties of 
Net& and Alloys. 

.. 

OakRidgeNational Laboratory-- p.0. Box Y, Oak Ridge, T ~ ~ ~ .  

Lawrcnce Radiation Laboratory- P.O. BOX EO8, Livermore, Calif. 

kgonne  h’ational Laboratory---- 9700 South Cass Ave., Argonne, 

On6 Ridge National Laboratory.- P.O. Box X, Oak Ridge, Tenn. 

Oak Ridge Nationa1Laboratory.- P.O. Box X, Oak Ridge, Tenn. 

AEC Division of Teclinical P.O. Box 62, Oak Ridge, Tenn. 

Oak Ridge National Laboratory_- P.O. Box Y, Oak Ridge, Tenn. 

Sandia Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P.O. Box 5800, Albuquerque, 

National Reactor Testing Station- P.O. Box 1845, Idaho Falls, Idaho 

Oak Ridge National Laboratory.., P.O. Box X, Oak Ridge, Tenn. 

Lawrence Radiation Laboratory- P.O. Box 8&, Livermore, Calif. 

Oak RidgeNationalLaboratory-- P.O. Box X, Oak Ridge, Tenn. 

Argonne National Laboratory---- 9700 South Cass Ave., Argonne, 

Atomics International _ _ _ _ _ _ _ _ _ _ _ _  P.O. Box 309, Canoga Park, 

Brookhaven National Upton, L.I., N.Y.’11973. 

U.S. Nsval Oceanographic Office- Washington, D.C. 20390. 

37830. 

94550. 

Ill. 60440. 

37830. 

37830. 

Information Extension. 37630. 

37830. 

N. Mex. 87115. 

83401. 

37830. 

94550. 

37830. 

m. 60440. 

calif. 91304. 

Laboratory. 

Oak Ridge National Laboratory- P.O. Box X, Oak Ridge, Tenn. 

Oak Ridge National Laboratory- - P.O. Box Y ,  Oak Ridge, Tenn. 

Oak Ridge National Laboratory, - P.O. Box. Y ,  Oak Ridge, Tenn. 

Radiation Laboratory _ _ _ _ _ _ _ _ _ _ _ _  University of Notre Dame, Notre 

Battelle Memorial Institute------ 505 King Ave., Columbus, Ohio 

Oak Ridge National Laboratory__ P.O. Box. X, Oak Ridge, Tenn. 

Ames Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Iowa State University, Ames, 

Argonne National Laboratory---- 9700 South Cass Ave., Argome, 

Oak Ridge National Laboratory-- P.O. Box X, Oak Ridge, Tenn. 

Lawrence Radiation Laboratory- P.O. Box 608, Livermore, Calif. 

Lawrence Radiation Laboratory- University of California, Berkeley, 

37830. 

37630. 

37830. 

Dame, Ind. 46556. 

43201. 

37830. 

Iowa 50010. 

Ill. 60439. 

37830. 

94550. 

Calif. 84720. 

‘Further detail as to the subject scope covered and services provided by each center and the users for 
ittom serrices are available is prorided in a “Directory of USAEC Specialized Information and Data 
:enters,” available free from the USAEC, P.O. Box 62, Oak Ridge, Tenn. 37830. 
’Name changed from Scientific Jnformation Systems Group. 
Name changed from Sigma Center. 
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Table 2.-AEC-SPONSORED 

APPENDIX 8 

Monographs (Cooperating Society) 

Soil-Plant System in Relation to Inorganic Nutrition- (American Insti tute of Bioiogicnl 
Sciences) M. Fried, H. Broeshart, Academic Press, New Pork City, $15.00. 

Tritium-Labeled Molecules in Biology a n d  Medicine- (American Insti tute of Biologicnl 
Sciences), L. E. Feinendegen, Academic Press, New York City, $17.00. 

Ceramic Fuel Elements-(American Society fo r  Ne ta l s ) ,  R. B. Holden, Gordon and B~~~~~ 
Science publishers, h'ew York City, $12.50 L/R edition, $4.25 1'/S edition.] 

The  Foundations of Neutron Transpor t  Theory- (American Nuclear Society), R. I<. Osborll 
and s. y ip ,  Gordon and  Breach Science Publishers, New York City, $5.50 L/R edition, 
$2.50 P/S edition.' 

Dispersion Fuel  Elements-(American Society fo r  hletals) ,  A. N. Holden, Gordnn and 
Breach Science Publishers, New York City, $11.00 L/R edition, $5.25 P / S  edition.' 

Alkali Metal Handling a n d  Systems Operating Techniques- (American Nuclear Society). 
J. W. &lausteller, Gordon and  Breach Science Publishers, New York City, $10.50 L/it 
edition, $5.00 P/S edition.* 

Symposium Proceedings (Published by the AEC) 

Luminescence Dosimetry-F. H. Attix, Editor, $3.00.2 
Neutron Noise, Waves, and  Pulse Prcpagation-R. E. Uhrig, Editor, $3.00.' 
Use of Computers in Analysis of Experimental Da ta  and the  Control of Nuclear Facilitiea- 

Thorium Fuel Cycle-R. G. Wymer, Editor, $3.00.' 
B. I. Spinrad, Editor, $3.00.' 

1 L/K--library and reference edition : P/S-professional and  student edition. 
* Available from the  Clearinghouse f o r  Federal Scientific and Technical Information, 

Springfield, Va. 92151. 

1- 

itoiiiic Fuel ( F , S '  

p m i c  Power Sai 
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Controlled Nuclea 
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Genetic Effects of 
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1 Single copies ( 
Information, P.O. 
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(F) French  trans 
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Table 3 . T I T L E S  OF BOOKLETS IN THE A X ' S   UNDERSTAND,^^ THE ATOM,, 

elerators ( F . 8 )  Nuclear Power plants 

niic Fuel (FJ) 
omit Power Safety 

in Atomic Research n'ucleilr Propulsion tor space 
Suclear Reactors (8,s) 

Nuclear Terms, A Brief Glossary 
Our Atomic World ( F m  

Plon-share (6) 

Power f rom Radioisotopes 
Power Reactors i n  Small Packages 

Radioisotopes and  Life Processes 
Radioisotopes in Indus t ry  
Radioisotopes in Medicine 
Rare  Earths 
Rending Resources i n  Atomic Energy -" 
Research Reactom 
SKAP, Xuclear Space Reactors (F) 
Synthetic Transuranium Elements 
The  Chemistry of t h e  Noble Gases 2 

Whole Body Counters 3 
Pour  Body and Radiation 

a t  the  Science Fair (s) 
l f o D l ~  in Agriculture ( F . 8 )  

rs in Atomic Energy 

olled Nuclear Fusion Radioactive Wastes 
enics, The  Uncommon Cold 2 

Ds, Nature, and Man Plutonium 

ect Conversion of Energy ( F . 8 )  

from Nuclear Tests 
eservation by Irradiation (8) 

t o  t h e  Understanding t h e  Atom 
ects of Radiation 

Series 
g,crostructure of Matter 3 

condestructive Testing The  First Reactor 
yuclear Clocks 
tuclear Energy for Desalting a ( F . 8 3  

juclear Power a n d  Merchant Shipping 

Activation Analysis v.8) 

c 

1 Single copies (limit : th ree  t i t les per request) available free from t he  USAEC-Technical 

3Published in 1967. 
3Rerised in 1967. 
V) French translation available. 
18) Spanish translation available. 
11) Italian translation available. 

Information, P.O. Box 62, Oak Ridge, Tenn. 37830. 
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FILM LIBRARIES 

AS par t  of its information and  education program, the  AEC maintains motion picture 
.braries and  deposits films with nonprofit sublibraries from which qualified borrowers 
broughout t he  United S ta tes  and  Canada may obtain 16mm sound films which explain 
@us aspects of atomic energy. All films a re  loaned free, and  only for educational, 
onprofit, noncommercial screenings. Also, many are available for use on public service 
,lecasts. The AEC's domestic film libraries located at t h e  following AEC offices Serve 
,,pests from t h e  indicated States : 
!*ashington, D.C _ _ _ _ _ _ _ _ _ _ _ _ _  Delaware, District  of Columbia, Naryland, Virginia, 

West Virginia, and  Canada. 
\ew Tork, h'.P ---____________ Connecticut, Naine, Nassachusetts, New Hampshire, 

New Jersey, New York,  Pennsylvania, Rhode Island, 
and Vermont. 

Alabama, Florida, Georgia, North Carolina, and  South 
Carolina. 

Idaho, Montana, and  Utah. 

Colorado, Kansas, Nebraska, and  Wyoming. 

$en, s.c-- ___--_--_________ 
jab0 Falls, Idaho  _ _ _ _ _ _ _ _ _ _ _ _  
;erkeleg, Calif ------_________ California, Hawaii, and  Nevada. 
;rand Junction, Colo ___--_____ 
,rgonne, Ill---- ------_______ Illinois, Indiana,  Iowa, Nichigan, Minnesota, Nissourl, 

~ , ik  Ridge, Tenn _-____________ Arkansas, Kentucky, Louisiana, Mississippi, and  Ten- 

Jbuquerque, h'. Mex __-____-__ 
.ichland, Wash --____-_______ Alaska, Oregon, and Washington. 

Fore iw  Loans. Many of the films a re  available for loan from : t h e  AEC's liaison offices 
t the Snierican Embassies in Toh-SO, Brussels, London, and  Buenos Aires, t h e  U.S. Infor- 
iation Service post a t  the  American Embassy in Stockholm, the  Film Library of t h e  Inter-  
Jticroal Atomic Energ3 Agency in Vienna, t he  American Film Library in The  Hague, and  
x n'ational Science Film Library i n  Ottawa, Canada. Residents of other nations mag 
vli assistance directly from the  nearest U.S. Information Service post a t  a n  American 
mbassy, which can arrange to borron- pr in ts  from t h e  AEC in Washington v ia  t h e  U.S. 
Iformation Agency, Washington. 

North Dakota, Ohio, South Dakota, and  Wisconsin. 

nessee. 
Arizona, Kern Nexico, Oklahoma, and  Texas. 

NEW AEC FILMS MADE AVAILABLE TO THE PUBLIC DURING 1967* 

Professional Level 

DEVELOPMEKT AND F'aBI l ICATIOS O F  H F I R  T A R G E T  ELEMENTS : 14% minutes, Color, pro- 
wed by AEC's Oak Ridge Kational Laboratory. Design and  development of t h e  High 
lux Isotope Reactor, and  development of manufacturing processes for  t he  transuranium 
rogram. 
IKSIDE T H E  YANKEE C O R E  : 32 minutes, color, produced by Westinghouse Electric Cor- 

)ration for the  AEC. Describes extensive and  complete post-irradiation s tudy  on a n  
;pended commercial power-i,eactor core. 
LISK : 6 minutes, color, produced by the  AEC's Argonne National Laboratory. Cur- 

.nt experiments in high energy physics which involve analysis of immense quantities of 
Ita. 
PARACHUTE DE'I'ELOPZ~EST A T  SAKDIA : 11 minutes, color, produced by Sandia Corp. for 

le AEC. Innovations developed to  solre problems when parachutes are used to recover 
st vehicles traveling at  supersonic speeds. 

* More complete descriptions of new films ayailable for public showings a r e  included in 
le "Popular Leuel" and "Professional Level" film catalog a n d  catalog inserts available 
ithout charge. from Director, Division o f  Public Information, U.S. Atomic Energy 
anmission, Washington, D.C. 20545. 
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PERSIMMON-A NUCLEAR PHYSICS EXPERIMEXT : 16 minutes, color, producell 
Los Alamos Scientific Laboratory. Various nuclear experiments requiring a hi  Y A E C * ~  
tron flux using the  underground detonation of a nuclear explosive. 

in all directions by servo-motors controlled by a computer program. 

gh neu. 
PLANT GROWTH IK COMPEXSATED F I E L D S  : 7 minutes, color, produced by A E ~ , ~  Argonue 

efkte 
National Laboratory. blechanical Servo-SYstem t o  neutralize the  gravitational 

Professional and Popular level 

SAKDIA SPIS-OFF : 15 minutes, color, produced by Sandia Laboratory, h‘ucleat 
weapons program “spin-off” applications : laminar air f l o ~ ,  ion plating, aUtomatiug ~ i ~ -  
cuit  card etching layouts. 

SOLAR ECLIPSE EXPEDITION 1966 : 32 minutes, color, Produced by the  cy^ L~~ Alamos 
Scientific Laboratory. Three major experiments designed and  built for  the 1966 eclipse 
expedition t o  study the  sun‘s corona. 

SUPERCONDUCTINQ MAGNETS : 12% minutes, color, Produced by AEC‘s Argonne h‘a- 
tional Laboratory. Basic design problems in  producing completely stable superconducting 
magnets of very large size. 

Popular Level 

ATOMIC POWER TODAY : SERVICE WITH SAFETY (abridged version). 15 minutes, color, Pro- 
duced by Seneca Productions, Inc. Central  Station Atomic Power P lan ts  and horn they 8erve 
t h e  Nation now and  will continue to do so in  the  future. 

ATOM SMASHERS : 18 minutes, color, produced by Handel Film C o w .  Principles, purposes 
a n d  methods of particle accelerators used by physicists to study t h e  sub-atomic particles oi 
matter. 

B O N U S  li‘oa PUERTO RICO: 20 minutes, color, produced by AEC‘s Oak Ridge Operations 
Office. Construction and  initial operation of t h e  Small Boiling Nuclear Superheat Reactor, 
first nuclear powerplant in the tropics. 

BROOKHAYEN SPECTRUM : 25 minutes, color, produced by AEC’s Brookhaven National 
Laboratory. Varied aspects of nuclear research and  engineering at Brookhaven-speri- 
ments i n  biology, chemistry, medicine, physics, and  reactor technology. 

DESALTING THE SEAS : 17 minutes, color, produced by AEC’S Oak Ridge National Labora- 
tory. Various methods f o r  purifying saline Waters through the  use of nuclear energy, with 
particular emphasis on large-scale dual purpose nuclear-electric desalting plants. 

THE FIFTH FUEL: 22 minutes, color, produced by AEC’s Oak Ridge Operations Office, 
Steps involved in preparing enriched uranimum (Urn) from t h e  mining operation, through 
the  chemical and  metallurgical process to obtain a pure material  and  eventually structured 
as fuel elements. 

GUARDIAN OF THE ATOM : 28% minutes, color, produced by AEC Headquarters. The broad 
“peaceful uses” picture of research activities i n  a t O I d C  energy development, and role and 
responsibilities of the  AEC. 

OAK RIDGE NATIONAL LABORATORY AND ITS SCIENTIFIC ACTIVITIES : 17 minutes, color, 
produced by AEC’s Oak Ridge National Lnboratory. Varied activities and  facilities a t  the 
laboratory, involving nuclear research, fundamental  a n d  applied research in all fields of 
science. 
THE DAY T O M O R R O W  BEGAN: 30 minutes, color, produced by AEC’s Argonne National 

Laboratory. Historical footage a n d  interviews re-enact t he  planning, design, and operation 
of “Chicago Pile 1.” Produced t o  commemorate t h e  25th anniversary of t he  first self-sus- 
tained nuclear chain reaction. 

Operations Oflice. AEC’s role in underground testing of nuclear weapons at  the h’eyadn 
Test Site, safely and  within the  framework of t h e  limited nuclear tes t  ban treaty. 

UNDERGROUND XUCLEAR WEAPONS TESTING : 27 minutes, color, produced by AEC’S h’erada 

Total Employees- _ _ _  
Total Engineers----. 

hlechanical Enginec 
glectricd & Electro 
Chemical Engineer> 
Nuclear & Reactor 
Metallurgical Engin 
civil Engineers---- 
Other Engineers-.. 

Total hlathematiclan~ 
Total Physical Scient 

Chemists- - _ _  - - - - - 
physicists - - - - _ _  _ _  - 
hletakrgists- - - - 
Geologists & Geopl 
Other Physical Scic 

Total Life Scientists- 
Health Physicists.. 
Medical Scientists.. 
Biological Scientist 
Other Life Scientist 

Total Technicians- _ _  
Draftsmen. - _ _  - - - 
Electrical & Electrc 
Other Engineering‘: 
Health Physics Tec 
Life Science Technic 
Physical Science Ti 

Other Technicians 
Nuclear Reactor Ope 
All Other Employees 

I Includes nonprofit 
2 R&D-research a 



APPENDIX 10 

EMPLOYMENT IN ATOMIC ENERGY FIELD BY OCCUPATIONAL 
CATEGORY 

I 
Government Private 

establishments establishments 

Total Number Total Number 
in R&D * 

Occupations 
in R&Ds 

/ 

102,293 

13,125 
3,958 
3,326 
1,681 
1,040 
454 
343 

2,323 
I, 408 
7,680 
3,062 
3,591 
522 
40 
465 

1,459 
41 5 
106 
923 
15 

15,979 
2,028 
3,875 
3,633 
1,012 
456 

1,972 
3,003 
646 

61,996 

17,961 

9,065 
2,883 
2,505 
1, as9 
890 
393 
141 

1,164 
1,125 
6,577 
2,381 
3,320 
487 
24 
365 

1,194 
202 
82 
899 
11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

35,457 

6,586 
3,088 
1,869 
465 
913 
360 
449 

1,442 
234 

2,083 
799 
934 
219 
67 
64 
273 
154 
7 
94 
18 

7,817 
2,162 
1,290 
1,259 
404 
152 
697 

1,853 
365 

16,099 

5,902 

4,043 
1,588 
1,013 
236 
661 
220 
78 
347 
190 

1,508 
448 
837 
154 
36 
33 
161 
68 
4 
81 
8 

NA 
N A  
N A  
NA 
N A  
N A  
N A  
N A  
NA 
NA 

I lncludes nonprofit establishments. 
2 R&D-research and development; includes only scientific and engineering personnel. 
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APPENDIX 11 

AEC FINANCIAL SUMMARY FOR FISCAL YEAR 1967 * 
The Atomic Energy Commission, a n  independent agency responsible to  the  President and 

Congress, assumed accountability for some $2.2 billion appropriation expenditures made by 
ttI3 predecessors, primarily the Nanha t t an  Engineer District, on January 1,  1947. Since t h a t  
time, the AEC itself has received $40.5 billion in appropriations from Congress. Of this total  
($2.2 billion plus $40.8 billion), t he  AEC has  invested $8.1 billion in i ts  net  assets (not 
including the value of certain inventories excluded for security reasons) ; has Used $34.5 
billion in operations ; and has  returned t o  the Treasury o r  transferred to other U.S. agencies 
fi total of $0.4 billion. 

Fiscal year 1 9 6 i  marks the completion of the first full 20 years of the  AEC’s respon- 
sibility for  the development, use, and  control of atomic energy and  the  production Of 
nuclear weapons. A chart  showing the costs incurred for  selected years during the  period 
for each of t he  major programs is included here. 

The trends of costs for  the various programs and  for t he  agency as a whole, show 
the effect of events t h a t  h a r e  had a n  impact 0x1 t h e  use and  control of atomic energy. 
Of Particular importance was t he  revision of t he  Atomic Energy Act i n  1954 to provide 
for greater emphasis on developing and  promoting peaceful uses of atomic energy, the costs 
of the peaceful efforts h a r e  since taken a larger proportion of AEC funds. 

The 1964 change in the lam t o  permit private ownership of special nuclear materials is 
contributing to the current interest in  nuclear reactors as a source of power for civilian 
uses. More than half of the  new steam-electric generating capacity announced by U.S. 
companies during fiscal year 1967 was nuclear. 

‘Naterial in  this appendix is extracted from the  “T7.S. Atomic Energy Commission- 
1967 Financial Report,” available from the Superintendent of Documents, U.S. Government 
Printing Offlce, Washington, D.C. 20402, price 50 cents. 

SUMMARY OF NET OPERATING COSTS 

A L L  OTHER 
BIOLOGY AND MEDICINE 

PHYSICAL RESEARCH 
REACTOR D E V E L O P M E N T  

0 WEAPONS 
N U C L E A R  M A T E R I A L  

n R A W  MATERIALS 

1952* 

. . . . . .  .:: 33 ; .;. 

‘’ .:.:.:. 3 0 : s :  

1948* 
. . . . . .  ..... ’.*.*.’.’.*.... 

114 .*.....5*.*.‘.’...’ 

.. ,., . ..::..:. 22 
100% S 307 100% 

DOLLARS IN MILLIONS 

1962 

S 177 

229 

206 

72 
S 684 

1957 

1 om 

j”: 
70 

255 

337 

763 

398 

si~ia 100% 

S 96 
63 
172 

433 

706 

689 

537 

$2696 

1967 

lam 

$ 112 
9s 

292 

737 

521 

162 
s2u7 

‘DATA FORTHEREACTORDEVELOPMENT PHYSICAL RESEARCH,BlOLOCYANDMEDICINE ANDALLOTHER PROGRAMS 
FOR 194 AND 1952 HAVE BEEN COMBINED.- 1 r; TI 7 

23 ... i i 3  3.75 
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. A mnjor portio 
operated by educ 
pEC’s inres tma 
plajor Governme 
general laboratoq 
io AEC labornto1 
a d  life sciences, I 
IeFearch to impr6 

The 10 labomto 
oratories together 
formed in facilitie 
@ the costs of the 

Knolls Atomic Pc 
Lawrence Radiat 
Los Alamos Scien 
oak Ridge Natio 
pacific Northwes 
savannah River 

528,028 4Rs. 769 

95,208 90,x 

7,667 1, I 5 0  

937,544 w M 4  

291,911 2G5,W 

14,730 15, Xi .... - - 
1 Includes facilit 
2 Includes facilit 

65,124 
(77.2iO) 

(12,146) 

10,014 
63. s 2  
6,340 
9.639 

(12.K’) 

10, M)s 
89,492 
6,250 

13,019 
(19,302) 

2,446,524 2,439,730 Net cost of operations* _____. _ _ _ _ _ _ _ _  _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  
Special items 

Adjustments to  costs of prior years-net- _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Transfers to  inventories-net ..___ - - - -. - - - - - - - _ _  _ _  _ _  _ _  _ _  _ _  _ _  - - _ -  - - _ _  - - _ _  - 

Xet cost of operations-after special items* _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  - - _ _ _ _ _ _ - -  - 

Includes depreciation of $350 million in 1967 and $329 million in 1966 

I-  .. I r .  . .  
L. 4 2 1  
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COSTS INCURRED BY RESEARCH LABOR AT OR^^^ . 
A major portion of AEC research and development conducted in Govement-o\vvnea laboratories 

operated by educational institutions and industrial concerns under AEC contracts. O n  June 30, 196i, the 
AEC’S investment in research facilities totaled $2.8 billion. Of  this amount, $1.9 billion v-3s invested in the 
major Government-owned laboratories. Theee facilities included research reactors, particle accelerators, 

laboratory buildmgs, equipment, and research devices. Research and development work Conducted 
AEC laboratories include central station nuclear power design and development, research in the ph’ssical 

a d  life sciences, nuclear rr-eapons development, research on peaceful applications for nuclear explosives and 
*search to  improve nuclear materials processes and techniques. 

The 10 laboratories listed are the principal AEC-owned research centers. The operating costs of these lab- 
oratories together with the costs incurred at other AEC-owned installations and the cost of the work per- 
formed in facilities owned by universities. industrial, and other privately owned organizations are included 

the costs of the various research areas shorn throughout this report. 

[In thousands] 

Cost of 
completed 

1967 

Operating costs fiscal year 

1966 
Laboratories 

plant June 30, 1967 

mas Research Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Argonne National Laboratory 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Bettis Atomic Power Laboratory 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Brookhaven National Laboratory ________.________________ _ _ _  
Knolls Atomic Power Laboratory 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Lawrence Radiation Laboratory 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Los Alamos ScicntSc Laboratory *-- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
oak Ridge National Laboratory ________.__ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Pacific Northwest Laboratory- - - - _ _ _ _ _ _  _ _  _ _  - - _ _ _ _  _ _ _ _  _ _  _ _  _ _  - 
Savannah River Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

$20,700 
325,300 
131,143 
224,433 
142,275 
293,401 
242,507 
329,032 
98,253 
70,167 

$9,036 
87,360 
63,045 
60,894 
52,722 

167,090 
106,216 
92,263 
42,803 
13,144 

$8,326 
82,872 
57,6!27 
58,616 
41,717 

161,370 
104,373 
84,877 
34,186 
12,835 

I Includes facilities at National Reactor Testing Station, Idaho. 
2 Includes facilities at Nevada Test Site. 

30 
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APPEXDIX 1 1  

Plant arid 

equipment Total Location Operations* capital 

$71 $5 
15,941 ---- - - - _ _  - _ _  - 
2.063 - -  - - - _ _ _ _ _ _ _ _ _  

269 -.-- - - _ _ _ _ _ _ _ _  
262,950 46,672 

9,355 
1,399 

94 - - - - -  - - _ _ _ _ _ _ _  
77 

52,104 
10, i39 

13, 755 
15.027 
1,227 
9,550 

56,161 
81,633 

2. 998 
14,059 

504 
53,138 

332 
297 

50.961 
24,254 

6,231 
4,864 

83 
78,182 

51 
959 

143,223 
87 

15,019 
359,421 
120,196 

1,525 
4 i  

106,811 
443 

1,487 
105,491 

3,006 
916 

95,500 
2,530 

194,617 
16,244 
16,363 

44 
2,738 

123,636 
264 

3,582 
29,801 
26,290 

$2,127,798 

$;6 
15,941 
2, oc3 

3 9  
309,622 
61,459 
12,136 

94 
13, €32 
17,301 
1,246 

7 4 8 3  
107, ?95 

3,164 
17,131 

504 
53,910 

33'2 
3; 

52,040 
26, ?49 
6,937 
5, '236 

s3 
83,Ss 

51 
1,104 

156,360 
67 

19.670 
397,7X! 
150,243 

?, 393 
4; 

118,293 
443 

1,502 
113.2% 

3,413 
916 

lOS, 937 
2.m 

220.519 
19.500 
16,412 

44 
2.S@ 

145,376 
264 

3,705 
29, Eo1 
26,563 

2, 5i6 

$?,411,%j 

*Excludes depreciation. 

I n  addition 
the AEC by ur 
237 colleges o r  
cost of th i s  n-or 
where costs in 
/ 

Arizona, Univers 
ArkNEZbS, Univei 
Brandeis UniveE 
~ r o w n  Universit. 
California Institu 
California, Unive 
California, Univc 
Carnegie Institut 
case Institute of 
Chicago, Univm 
Colorado, Univei 
Columbia Unive 
cornell Universii 
Duke University 
Florida State Un 
Florida, Univers 
Georgia Institutr 
Georgia, Univer: 
Barvard Univer: 
Hawaii, Univers 
Illinois, Universi 
Iowa, State Uni\ 
Johns Hopkins 7 
Kansas, Univers 
Louisiana State . 
Maryland, Univc 
blassachusetts In  
Michigan State I 
hlichigan, Unive 
Minnesota, Univ 
New York Univ 
North Carolina E 
North Carolina, 
Northwestern U 
Notre Dame, VI 
Ohio State Univ 
Oregon State U I  
Oregon, Univers 
Pennsylvania St 
Pennsylvania, 1 
Pittsburgh, Uni. 
Princeton Unive 
Puerto Rico, UI 
Purdue Univers! 
Rensselaer Poly1 
Rice University 
Rochester, UniJ 
Southern Califoi 

- Stanford Univer 
Syracuse Univei 
Tennessee, UniT 
Texas, Universli 
Tufts Universit: 

See footnote 



AEC F I K m C I A L  SURIMARY FOR FISCAL YEAR 1 9 6 7  361 
COSTS INCURRED BY COLLEGES AND UNIVERSITIES 

In addition to the  activities of t h e  AEC laboratories, some of which a r e  operated for 
the AEC by universities or associations of universities, the AEC had other contracts Fi th  
237 colleges o r  unirersities fo r  atomic energy work. The following table shows t h a t  the  
Cost of th i s  work totaled about $128 million in fiscal Sear 1967 a n d  identifies each university 
where costs in excess of $250,000 mere incurred. 

Fiscal year 196i 

Colleges and Universities R a d  by dol- Total costs' 
lar volume of (in thou- 
costs incurred sands) 

53 
59 
56 
39 
12 
2 

14 
20 
29 
21 
33 

7 
23 
24 
28 
44 
50 
52 
4 

40 
8 

43 
3? 
48 
60 
18 
3 

15 
13 
16 
5 

55 
61 
54 
25 
36 
37 
45 
42 
19 
41 

1 
17 
26 
27 
30 
6 

49 
38 
57 
22 
34 
46 

$360 
289 
324 
648 

?,7?2 
8,144 
2,560 
1,903 
1,092 
1,859 

4,796 
918 

1,630 
1.618 
1,121 

518 
39G 
374 

7,638 
607 

4,442 
535 
979 
427 
282 

2,196 
7,819 
2,351 
2,645 
2,320 
5,359 

328 
282 
349 

1,4?3 
680 
678 
51 7 
557 

2,074 
582 

16,012 
2,297 
1,303 
1,157 
1,052 
5,201 

406 
678 
307 

1,644 
783 
513 

E 

See footnotes at end of table. 5 8 I 0 5 3 
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AEC F 

*These costs exclude depreciation and include construction arid capital equipment. 

COSTS I 

prirate industri: 
of the production 
,@C. In fiscal yen 
nark amounting to 
production, and re- 
lion. Except for  dc 
costs of related con 

/- 

ACF Industries, h c - -  
Aerojet-General Cow- 
Anaconda Co ____-___. 

Atomics International 
A t l S  COT _ _ _ _ _ _ _ _ _ _ _ _  
Bend& corp ________-. 

catalytic Construct101 
Combustion Engineel"i 
DouglS United Nuclt 
DOW Chemical Co---- 
Edgerton, Germeshau 
E. I. du Pont de Nem 
Federal- Radorock-Ga 
Generd Atomic Dirk 
General Electric Co-. 
Goodyear Atomic Cor 
Holmes & Narver, In( 
gomestake-Sapin Par 
Idaho Nuclear COT-- 
Ismhem, Inc ___.._____ 
Ken-RlcQee Gorp.-- 
Martin Marietta Corp 
Mason & Hanger-Sils 
Monsanto Research C 
National Lead Co---. 
pan American World 
Phillips Petroleum Cc 
Reynolds Electrical a 
Sandia Corp.-Western 
Union Carbide Corp- 
United Nuclear Cow 
Utah Construction dr 
Western Nuclear, Inc. 
Westinghouse Electric 
Other ___________-____ 

*These costs exclui 



Private industrial organizations working under contract with the AEC pel-form 
of the production and much of the  research and development work accomplished by the 
D C .  In fiscal year 1967, the  AEC’s principal prime industrial Contractors accomplished 
work amounting to some $1,594 million. The table OD this page lists the industrial, supply, 
production, and research and development contractors who incurred costs exceeding $5 mil- 
lion. Except for depreciation, costs for the operation of laboratories ore included in the  
costs of related contractors. 

Fiscal year 1967 

Industrial organizations Rank by 

of costs (in thousands) 
incurred 

dollar volume Total costs* 

20 
9 
2s 
25 
12 
6 
33 
32 
10 
11 
15 
4 
34 
26 
3 
8 
17 
22 
14 
13 
18 
27 
23 
16 
19 
24 
29 
5 
2 
1 
21 
31 
30 
7 

$18,696 
39,959 
12,019 
15,035 
29,182 
79,145 
5,454 
8,173 
39,433 
35,938 
27,883 
105,750 

13,716 
111,384 
43,333 
25,327 
17,335 
27,911 
28,603 
24,483 
12,143 
17,333 
27,774 
23,190 
15, 296 
10,567 
80,090 
202,824 
285,781 
17,503 
8s 994 
9,208 
65,611 
123,356 

5,368 

$1,693,797 Total- ____________________---_----_------_-----------------_------- _________-_-_-  

*These costs exclude depreciation and include construction and capital equipment. 

50 I O 5 4  1 
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AEC PLl 
7 

AEC PLANT AND EQUIPMENT BY LOCATION 
[At costs as of June 30,19671 

Authorized plant and equipment (in millions) - 
Estimated 

Construction cost t o  
Completed work in complete Total 

Location and contractor 

progress Construction 
projects 1 1  

CALIFORSIA 

Aerojet-General Corp., Sacramento 
Reactor Facilities _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ -  

Atomics International, Division of North American 
Rockwell Corp., Canoga Park and Santa Susana 

Reactor and Research Facilities-- - _ _ _  - - _ _ _ _  _ _  * 
California Institute of Technology, Pasadena Re- 

search Facilities _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  -. - - - 
University of California, Lawrence Radiation 

Laboratory: 
B erkeley ._ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Livermore - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

$0.7 

59.6 

1.7 

108.3 
176.5 

Total _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _  
University of California, Davis 

Bio-Med Research Facilities- - - - _ _  _ _  _ _  - _ _  - - - _ _  - 
University of California, Los Angeles 

Medical Research Facilities. _ _  _ _  _ _  - - _ _  _ _  - - - - _ _  - 
Edgerton, Germeshausen & Grier, Inc., Santa 

Test Facilities- - _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _  
Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _  
Linear Accelerator. - _ _  - _ _  - - - - - _ _  - - _ _  _ _  _ _  _ _ - _ _ _  - 
Other Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Barbara 

Sandia Corp., Livennore 

Stanford University, Palo Alto: 

284.8 

4.5 

1.9 

2.4 

25.9 

109.0 
13.1 

122.1 

496.6 

$0.7 

.1 

3.4 
10. a 

14.2 

. 4  

- - - -_ - - -__ - -  

. I  

. 3  

3 . 1  
4.9 

a. 0 

23.8 
--- 

- - - - - _ - _ _ _ _ _  

$9.0 

1.9 

9.6 
41.4 

~ 

51.0 - - 

. 3  

. 3  

. 6  

2.1 

3.4 
7.5 

10.9 

76.1 

$0. i 

62.3 

3.7 

121.3 
2??. 7 

350.0 
b - 

5.2 

?. 2 

3.1 

28. a 

115.5 
25.5 

141.0 

596.5 

COLORADO 

University of Colorado, Boulder _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.6 .___________ _ _ - _ _ _ _ _ _ _ _ _  1.5 
Dom Chemical Co., Boulder 

Rocky Flats Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  118.5 4 . 1  52.4 178. G 
Lucius Pitkin. Znc., Grand Junction 

Uranium Handling, Sampling and General 

C "  

Facilities .___________ .____-____ ----  _ - _ _  4.2 _ _ _ _ _ _ _ _ _ _ _ _  . 2  4 . 1  

Total Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124.2 I .  I 52.6 184.5 - -  
- 

COSSECTICUT 

Combustion Engineering, Inc., Rindsor 

Tale University, New Haven 
.1  16.4 Submarine Reactor Facilities- _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  16.3 _ _ _ _ _ _ _ _ _ _ _ _  

Linear Accelerator- - - - 9.: _ _ _ _ _ _ _ _ _ _ _ -  

26.0 _ _ _ _ _ _ _ _ _ _ _  - 

. 6  10.3 - - - - - - - - - - - - - - - - - - - - - - 

.7 26.7 Total Connecticut - _ _ _ _ _ _ _ _ _  - _ _  - _ _ _ _ _  - _ _  _ _ _ _ _  
__== 

See footnotes at end of table. 

Locat i 

General Electric c o  
Pinellas Plant - - 

Sational Reactor Tt 
Argonne Nation: 

Reactor Fac 
General Electric 

Enolls Atoo 
Idaho Nuclear C 

Advanced 1 
Army Rescl 
Chemical PI 
Engineering 
Experiment: 
Experiment 
General Fac 
Materials Tc 
Test Reacto 

Total, ---. 

Phillips Petrolei 
General FW 
Nuclear Saf 
Power Bur: 
Special Pow 

Total- - --. 
Westinghouse E 

Large Ship 
Submarine ' 
Other Rese: 

Total,--- 

Total Ida 

University of Chica 
Argonne NatioI 

University of Chica 
Argonne Cance 
Research Equir 

University of Illino 
Research Facil 

Total Illinois 

See footnotes 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued - 

Authorized plant and equipment (in millions) 

Estimated 
Location and contractor Construction cost to 

Completed work in complete Total 
progress construction 

projects 1 2 

FLORIDA 

General Electric Co., Clearwater 
Pinellas Plant- _ _ _ _ _ _ _ _ - - - _ _ _ _ - _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  $19.3 $2.1 $5.0 $26.4 -- 

IDAHO 

National Reactor Testing Station, Idaho Falls 
Argonne National Laboratory 

General Electric Co. 

Idaho Nuclear Cow.  

Reactor Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Knolls Atomic Power Laboratory _ _ _ _ _ _ _ _ _ _  
Advanced Test Reactor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Army Reactor Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Chemical Processing Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Engineering Test Reactor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Experimental Beryllium Oxide Reactor--_- 
Experimental Organic Coaled Reactor.---- 
General Facilities . . . . . . . . . . . . . . . . . . . . . . . . . .  
Materials Test Reactor . . . . . . . . . . . . . . . . . . . . .  
Test Reactor Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

50. 1 42.4 2.9 4.8 

-3 20.1 

6.9 
.2  

2.5 
.1 

58.7 
4.7 

65. 7 
14.9 
10.9 
9.5 

59.2 
15.5 
24.0 

263.1 14.4 Total- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  243.7 5.0 

Phillips Petroleum Co. 
General Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
Nuclear Safety Test Engineering _ _ _ _ _ _ _ _ _ _ _  11. 7 8.3 
Power Burst Facility- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .1 3.6 
Special Power Excursion Reactor Test----- 9.4 --__-_------ 

5.8 
13. 5 
7.5 
. 6  

5.8 
33. 5 
11.2 
10.0 

27.4 60.5 

Westinghouse Electric Corp. 
Large Ship Reactor _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  35.9 --_--__-_--- 
Submarine Thermal Reactor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  16. 6 1.2 
Other Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  18.5 . 9  

35.9 
17. 8 
21.7 

2.3 75.4 

469.2 49.2 

University of Chicago, Argonne 

University of Chicago, Chicago 
Argonne National Laboratory-- _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  282.9 21.8 82.2 386.9 

Argonne Cancer Research Hospital- _ _ _ _ _ _ _ _ _ _ _  5.5 .8 1.0 7.3 
Research Equipment- _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.4 .2 . 3  1.9 

Research Facilities _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.7 _ _ _ _ _ _ _ _ _ _ _ _  . 7  2.4 
University of Illinois, Urbana 

Total Illinois _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  291. 5 22.8 84.2 398.5 
P 

See footnotes at end of table. 
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Authorized plant and equipment (in m i U i o l l F  

Estimated 
Construction cost to 

Completed work in  complete ~ ~ t . ~ ~  
Location and contractor 

progress constructloll 
projects I 2 

INDIANA 

University of Notre Dame, Notre Dame 
$0.6 $3. :: $2.6 $0.1 Radiation Laboratory- ....................... - -_ 

IOWA 

Ames Research Laboratory, Ames 
2.6  20.0 
.1 4.9 

6.3 46. 4 

9.0 71.3 

16. 4 1.0 
4.3 . 5  

39.3 .s 

60.0 2. 3 

Research Facilities _ _ _ _ _ _ _ _  _ _ _  - _ _  - _ _ _  - _  __-- - - - - -  
Research Reactor _ _ _ _ _ _ _ _ _ _ _  _ _ - _ _ _ _ - - - - _ - -  - - - - -  
AEC Plant __________-_________________________  

Total Iowa ____________________--.----------- 

Mason and Hanger, Burlington - 
-_ -- - -- - 

KENTUCKY 

Union Carbide Corp., Paducah 
Feed Materials Plant _____.______________------ 31.3 - - - - - _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  31.3 
Gaseous Diffusion Plant _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _ -  755.1 . 5  1.3 756.8 

Total Kentucky _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  586.4 . 5  1.3  7&. 2 - -__ 
MAR-~LAXD 

AEC Headquarters, Germantown _ _ _ _ _ - - _ _ _ _ _ _ - - - -  20.3 _ _ _ _ _ _ _ _ _ _ _ _  2.6 2 . 9  
University ofMaryland, College Park 

Accelerator, - - _ _  _ _  _ _ _ _  _ _ _ _ _  - _ _  - - - _ _  _ _ -  - -  _- -  - _ _  - - -_  ----  - -  - -  - 1.1 1.9 3.0 

Total Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.3 1.1 4.5 25.0 -- 
R~ASSACIIUSETTS 

Edgerton, Gemshausen & Grier, Znc., Boston 
Research Facilities _ _ _ _ _  - - - - _ _  _ _  _ _ _ _  _ _  _ _  - _ _ _  - 

Harvard University, Cambridge 
Cambridge Accelerator- - - - - - - - - - - - - - - - - _ _  - - - _ -  

Massachusetts Institute of Technology, Cambridge 
Research Facilities _ _ _ _ _  _ _  _ _ _ _  _ _  _ _  _ _  _ _ _ _  _ _ _ _ _ _ _ -  

Total hiassachusetts- _ _ _  - - - - - - _ _  _ _  - _ _  - - - - - - _ -  

5 .7  . 2  2.5 8.4 

20.2 1. 4 3.6 25. ? 

5.8 .1 6.8 I?. 7 

31. 7 1. 7 12.9 46.3 
=- -- 

~IICEIGAN 

University of Michigan, Ann Arbor 
.1 2.1 2 . 0  __- - - - - - - - - -  Research Facilities _ _ _ _ _ _  _ _ _ _ _ _ _  - _ _ _  _ _ _  - _ _ _  - - _ _ _  

MINXESOTA 

University of Minnesota, Minneapolis 

Rural Cooperative Power -4ssn., Elk River 

5. 8 . I  .1 6.0 Linear Accelerator- _ _ _ _ _  _ _  _ _  _ _ _  _ _ _ _ _  .____--___- 

Elk River Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total Minnesota- _ _ _  _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ -  

. 3  1.4 10.6 6 .9  

14.7 

- 
.4 1.5 16 6 -_- - 

See footnotes at end of table. 

AEC PLA 
4 

Locatio: 

I 

I 

The Bendix Corp.. 
Kansas City Plan 

National Lead Co., V 
Feed Materials P1 

Total Missouri. 

r 

Consumers Public Pc 
Hallam Nuclear I 

Jackass Flats: 
h-uclear Rocket 

Los Alamos 
Pan America 
Westinghousc 
Other Resear 

Total.-- _ _  

Rover : 

Mercury: 
Edgerton, Germ 

Test Facilitif 
Lawrence Radia 

Laboratory 1 
Reynolds Electr 

Nevada Test 

Total. - - - - 
Sandia Corp., Ti 

Research Fa 
U.S. Highway 9 

Total Pier 

1 

Atomic Energy cor: 
New Brunswick I 

Princeton Universit 
I Model C Stellar 

Princeton-Pm 

Total Kew Je 
- 

~ 

See footnotes a 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

367 

~~ ~~ - 

Location and contractor 

Authorized plant and equipment (in millions) 
~ - 

Estimated 
Construction cost to 

Completed work in complete Total 
progress construction 

projects 1 2  

MISSOURI 

The Bendix Corp., Kansas City 

National Lead Co., Weldon Spring 
Kansas City Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Feed Materials Plant (deactivated)- - - - _ _  _ _  _ _  

NEBRASKA 

Consumers Public Power District, Hallam 
Hallam Nuclear Power Facility (deactivated) _ _  

NEVADA 
Jacksss Flats: 

Nuclear Rocket Development Station Project 

Los Alamos Scientific Laboratory--- _ _ _ _ _ _ _  
Pan American World Airways, Inc _ _ _ _ _ _ _ _ _  
Westinphouse Electric Corp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
Other Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Rover: 

Total- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Mercury: 

Edgerton, Germeshausen & Grier, Inc. 

Lawrence Radiation Laboratory 

Reynolds Electrical & Engineering Co. 

Test Facilities- - - - _ _  _ _ _ _ _  - - - _ _  _ _ _ _ _ _  _ _  _ _ _ _  - 
Laboratory Facilities- - _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nevada Test Site _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Sandia Corp., Tonopah 
Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

U.S. Highway 95 Improvement, Las Vegas-, _ _  

N E W  JERSEY 

Atomic Energy Commission, New Brunswick 

Princeton University, Princeton 
New Brunswick Laboratory- . . . . . . . . . . . . . . . . . . . .  

Model C Stellarator Facilities _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Princeton-Pennsylvania Accelerator- - - _ _  _ _ _  - 

$70.6 $4.5 $8.2 $83.3 

14.8 .I 3.9 18.8 

8.6 _ _ _ _ _ _ _ _ _ _ _ _  .6 9. 2 

129.2 6. 1 15.5 150.8 

152.6 6.2 20.0 178.8 

11.2 .2 .3 11.7 
4.3 - -_ - - - - - - -__  .2 4.6 

247.1 7.5 26.2 280.8 

3.2 _ _ _ _ _ _ _ _ _ _ _ _  1.0 4.2 

24.0 - -_ -_-__-_- -  . 4  25.3 
30.2 5.0 4.7 39.9 

58.3 5.0 6.1 69. 4 
-- 

See footnotes at end of table. 
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AEC PLAF AEC PLANT AND EQUIPMENT BY LOCATION-Continued 
- -- __z Authorized plant and equipment (in mil]ions) 

Construction cost to 
Completed u-ork in complete Totsl 

Estimated 
Location and contractor 

progress Construction 
projects 1 2  

NEW hIEXIC0 
Albuquerque: 

ACF Industries, Inc. 
South Albuquerque Works-- - - _ _ _  _ _  _ - _ _ _ -  

Edgerton, Germeshausen 8; Crier, Inc. 
Test Facilities- _ _ _  _ _  _ _  _ _  - - _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  - 

Lovelace Foundation Laboratory-- _ _ _ _ _  - _ _ _ _ _ _  
Eandia Corp. 

Sandia Laboratory _ _ _ _ _ _ _ _ _ - - - - - _ _ _ - _ _  _ - - - -  

Los Alamos: 
University of California 

The Zis Co. 
Los Alamos Scientific Laboratory _ _ _ _ _ _ _ _ _ _  
Community and General Maintenance 
Facilities- _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _ _  - 

Total New Mexico ___________.___________ 

NEW PORK 
New York City: 

Atomic Energy Commission 

Columbia University 

New Pork University 

Health and Safety Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Accelerator and Research Facilities-_------ 

Computing and Other Research Facilities.- 

Total- _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _  _ _ _  _ _  _ _ _  _ _ _  
Associated Universities, Inc., Upton 

Brookhaven National Laboratory--- __-- -___-- -  
General Electric Go., Schenectady and West 

Knolls Atomic Power Laboratory _ _ _ _ _ _ _ _ _ _ _ - - _  
Nuclear Materials and Equipment Corp., Niagars 

Boron Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Accelerator Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - -  

hledical Laboratory and 130" Cyclotron------- 

Milton 

Falls 

Rensselaer Polytechnic Institute, Troy 

University of Rochester, Rochester 

Total New Tork _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

See footnotes a t  end of table. 

2. G . 5  

. 7  5.0 

32.0 210.5 

33.4 2 3 . 1  

169.4 9 .1  

210.5 9. 2 
- - 

227.4 13.3 41.5 282.2 

106.0 . 3  2.0 IN. 3 - 
333.4 13. 6 43.5 390.5 - 
543.9 22.8 76.9 643. 6 - 

4.1 . 2  . 4  4.7 

4. I -------- .1 4.2 

10. 7 . 2  . 7  11.6 

224.4 20.8 71.2 316.4 

In. 5 . 5  22.3 145.3 

7.7  ____---_-_ -- . 6  6.3 

2.8 _--------- - -  . 2  3.0 

. 6  7.2 6 .6  ____-------- 

374.7 21. 5 95.6 491.8 
~- 

Location 

NOBTU 

~ ~ u l r e  University, Durl 
Accelerator and Re: 

Battelle Memorial Insti 
Research Facilities. 

General Electric Co., C 
Research Facilities. 

Goodyear Atomic CorF 
Gaseous Diffusion 

yonsanto Resewch Co. 
Mound Laboratory 

National Lead Co., Fer 
Feed Materials Plar 

City of Piqua, Piqua 
Piqua Nuclear Pon 

Reactive hfetals, h c . ,  
Feed Materials Fac 

Total Ohio _ _ _ _ _ - -  

PENNS 

Carnegie Institute of T 
Accelerator and Re 

Duquesne Light Co., E 
Shippingport Aton 

Westinghouse Electric ( 
Astro h-uclear Lab1 

Bettis Atomic Pow 
Westinghouse Electric 

Total Pennsylvai 

E. I. du Pont de Nemc 
Savannah River P 

Feed Materials 
General Facilii 
Heavy Water I 
Laboratory-- - 
Production Rt 

ities _ _ _ _ _ _ _ _ _  
Total South 

See footnotes at e 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

- -  

Authorized plant and equipment (in millions) 

Estimated 
Location and contractor Construction cost to 

Completed work in complete Total 
progress construction 

projects 1 a 

NORTH CAZOLMA 

Duke University, Durham 
Accelerator and Research Facilities _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  $1.1 $1.4 $2.5 

Orno 

Bsttelle Memorial Institute, Columbus 

General Electric Co., Cincinnati 

Ooodyear Atomic Corp., Portsmouth 

Monsauto Research Co., Miamisburg 

Kstional Lead Co., Fernald 

City of Piqua, Piqua 

Reactive Metals, Inc., Ashtabula 

Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $1.0 ____-_---_--  _ _ _ _ _ _ _ _ - _ - _  1.0 

Research Facilities . . . . . . . . . . . . . . . . . . . .  _ _  _ _ _ _ _ _ _  10.3 .4 1.1 11.8 

Gaseous Diffusion Plant _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  765.4 .7 1.6 767.7 

Mound Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  53.7 10.0 12.4 76.1 

Feed Materials Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ c _ _  116.9 .6 3.2 119.7 

Piqua Nuclear Power Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.2 .3 .Q 10.4 

Feed Materials Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.8 __-_- -_ - - - - -  .2 2.0 

Total Ohio _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  957.3 12.0 19.4 988.7 -- 
PENNSYLVANIA 

Carnegie hsti tute of Technology, Pittsburgh 

Duquesne Light Co., Shippingport 

Westinghouse Electric Corp., Large 

Piestinghouse Electric Corp., Pittsburgh 

Accelerator and Research Facilities _ _ _ _ _ _ _ _ _  _ _ _  1.6 -_- - -_- - -___ _ _ _ _ _ _ _ _ _ _ _ _  1.5 

Shippingport Atomic Power Station _ _ _ _ _ _ _ _ _ _ _  62.7 .2 .6 83.5 

Astro Nuclear Laboratory--- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.8 .2  .4 8.4 

Bettis Atomic Power Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _  60.1 2.3 14.3 76.7 

Total Pennsylvania _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  132 1 2 7  15.3 150.1 -- - 
SOUTH CAROLINA 

E. 1. du Pont de Kemours & Co., Inc., Aiken 
Savannah River Plant 

Feed Blaterials Production Facility---.---- 
General Facilities _ _ _ _ _  _ _ _ _  - - _ _  _ _ _ _ _ _ _ _ _ _  - - - 
Heavy Water Production Facilities _ _ _ _ _ _ _  - 
Laboratory- - - - - - - - - - - - - - - - - - - - - - - - 
Production Reactor and Separation Facil- 

ities _ _ _ _  - - - - - _ _  - - - - - - - - - - - - - - - - - - _ _  - - - - - - - 
Total South Carolina _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

See footnotes at end of table. 

30.1 2.0 . 4  32.5 
166.1 .8 5.6 172.5 
163.6 .1 - - _ _ - _ _ _ _ _ _ _  163.7 
io. 2 2.2 3.1 75.5 

904.8 9.3 23.2 937.3 

1,334.8 14.4 32.3 1,381.6 ~- --- - 
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Location and contractor Estimated 
Construction cost to 

Completed work in complete Total 
Progress COnstruction 

projects 1 9  

TENNESSEE 

Oak Ridge: 
Oak Ridge Associated Universities 

Rust Engineering Co. 

University of Tennessee 

$6. 2 

10. 2 

$0. 6 Research Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _  85.6 - - _ _ _ _ _ _ _ _ _ _  
Service Facilities-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.2 - - - _ _ _ _ _ _ _ _ _  

Agriculture Research Laboratory and 

- - - - - _ _ _ _ _ _ _  

. 3  3.9 

5. 5 w. 5 
26. 5 37;. 0 
66.5 455.4 

Farm. _ _  - 
Union Carbide Corp. 

- - - - - - - - - - - _ _  _ _  - - _ _  - - - - - - _ _  - 3.3 $0. 3 

Gaseous DMusion Plant _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ -  825.9 3.1 
Oak Ridge National Laboratory _ _ _ _ _ _ _ _ _ _ _  329.0 21. 5 
Y-12 Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  386.0 2.9 

Total Tennessee _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,560.0 27.8 
- 

99. 4 1,687.2 
-= e___ - 

TEXAS 

Mmon and Hanger, Amarillo 

Rice University, Houston 

Texas A and M University, College Station 

8.0 61.3 Pantex Plant __________._______________________ 52.8 .5 

Research Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. 6 . 3  - -  - - - _ _ _ _ _ _ _  1.9 

2.6 .4  3.0 Research Facilities-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  -- 
54.4 3.4 a. 4 66.2 Total Texas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

UTAH 

.1 1.3 University of Utah, Salt L&e City _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.2 - - - - -___ - -__  

WASHINGTON 

Battelle Memorial Institute 

Computer Sciences Corp. 

Douglas United Nuclear, Inc. 

Richland: 

Pacific Northwest Laboratory, _ _ _ _ _ _ _ _ _ _ _ _  98.3 4.9 11.0 114.2 

General Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.8 _ _ _ _ _ _ _ _ _ _ _ _  . 7  4.5 

Feed Materials Production Facilities------ 24.3 .2 .1  N. 6 
General Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  18.7 _ _ _ _ _ _ _ _ _ _ _ _  .3 19.0 
Production Reactor Facilities _ _ _ _ _ _ _ _ _ _ - _ _ -  574.1 3.6 3.5 581. 2 

Total- _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _  617.1 3.8 3.9 624 8 

Isochem, Inc. 
2.9 _ _ _ _ _ _ _ _ _ _ - -  . 4  3.3 

247.5 11.5 12.2 271.2 

250.4 11. 5 12.6 2ik 5 

General Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Separation Facilities- _ _  _ _ _ _  _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _  

C? 

c Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0 ITT/Federal Support Services, Inc. 
L1 - 
c2 

- 
71. 5 . 7  2.5 74. 7 General Facilities _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

General Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 4 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ - -  ----- -  
J. A. Jones Construction Co. 

21 

Total Washington- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _  1,043. 5 20.9 30.7 1,W.l 

-- - 
- __c= - - 

See footnotes a t  end of table. 

AEC F. 

AEC PLAt 
.- 

Location 

Dternational Nickel C 
Pilot Plant _ _ _ _ _ _ _  

w 

Dairyland Power Cool 
Lacrosse Boiling T 

university of Wisconsi  
Research FacIlititx 

Total Wisconsin- 

Pu: 

university of Puerto 

Puerto Rim Nuclc 
puerto Rim Water I 

B o W g  Nuclear Si 

Total Puerto Ri 

Piedrap 

Higuera 

National Academy of 
Research Fadlitle 

ALL OTHEB _________. 

1 Includes capital eq 
8 Includes plant and 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 
- 

Authorfzsd plant and equipment (in miluom) 

Construction cost to  
Completed work in complete Total 

Estimated 

progrw constrirction 
projects 1 3  

Locatinn and contractor 

WEST VIRGINIA 

International Nickel Co., Huntington 
$4.7 Pilot Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $4.7 _____-- - - - - -  - - - - - - - - - - - -  -- 

WISCONErn 

Dairyland Power Cooperative, Qenoa 

University of Wisconsln, Madison 
Lacrosse Boiling Water Reactor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .1 $10.1 $0.6 10.7 

Research Facilities _ _ _ _ _ _ _ _  _ _ _ -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.2 ------ * ----- . 2  l .4 

Total Wisconsin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.3 10.1 .7 12.1 
P - 

PUEBTO RICO 

University of Puerto Rico, Mayaguez and Rio 
Piedras 

Puerto Rim Nuclear Center _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  6.4 .l 2.5 9.0 
puerto Rico Water Resources Authorlty, Punts 

Higuera 
Boiling Nuclear Guperheat Power Reactor,---- 13.3 .1 1.0 14.4 

. 19.7 . 2  3.6 23.4 Total Puerto Rico- . . . . . . . . . . . . . . . . . . . . . .  ---- - - 
JAPAN 

Includes capital equipment. 
Includes plant and capital equipment authorized in Public Law 90-66, approvd July 26,19671 
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State  Officials, 311 
Technical Information, 312 

search, 313 
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AID, see Agency for International Develop- 

Aircraft 

ment, 100 

grams, 249 

ment 

carriers, nuclear-powered, 67-69 
diagnostic, 62 
new oil and fuel gauge systems, 197 
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American Nuclear Society, 241 
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Atomics International (AI) 
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“Atoms for Peace” program, 215 
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ATR, see Advanced Test Reactor 
Auroral spectrum, data gathering, 62 
Australia, research and power agreements, 

Austria, research agreements, 345 
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Bacteria, as a complication in mammalian 
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Basic research 
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research programs, 268 

1 application pending, 338 
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studies in life and physical sciences, 251 
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Beta radiation 
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Books, scientific, reference, 226, 346 
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need for, 75 
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E.B.W.R., shutdown, 96 
ECCS, 8ee Emergency core cooling systems 
Ecuador, radiation preservation of fruits 

Eddy current testing, reactor tubing, 108 
Educational programs, AEC labortitorim 

sign criteria, 131 

view, 337 

and vegetables, 228 

cooperative, 245 
other, 239,245 
special, 247 

Educat im,  nuclear 
changes in emphasis, 234 
training program,  241-249 
unclassified training, 215 

Education programs, universities and 
colleges, 243-245 

Electric fuel capsule, SNAP-27 generator, 
178 

Electric power 
designed output for  new units, 112, 113 
future  availability, 100 
international Production, 210, 21% 219 
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Electric power-Continued 
new facilities for, 122 
production at Peach Bottom Station, 88 
space, 171-173 
usage, reduction, 35 

application for nuclear power plants, 122 
purchase of nuclear fuel, 28 

Electrochemical industry, effect of low- 
cost nuclear-generated electric power, 
100 

Electric utilities, industry 

Electron miscroscope, creep tests, 107 
Electronics, practical, workshops in, 246 
Elk River Reactor 

highlights 1967, 95, 326 
technical support contractor, 95 

El Paso Natural Gas Co., 200 
El Verde tropical rain forest, a a d u a t e  

&NAD building, NRDS, 168 
Embryonic malformations, causes, 270 
Emergency assistance and information 

Emergency core cooling systems 

thesis research work, 249 

systems, 156 

highlights, 104 
study of, 118, 

Empire State  Atomic Development Associ- 
ates, cooperative program, 230 , 

Emplacement techniques 
development of, 206 
underground radioactivity entrapment, 

Employer-State-Federal records System for 

Employment 

206 

radiation workers, 291 

distribution, 281 
earnings increase, 282 
equal opportunity, 283 
occupational category, 353 
specialized, 242 
young people, 242, 282 

tory programs, 140 

Agency 

Enabling legislations, States, for regula- 

ENEA, see European Nuclar Energy 

Energy resource base, increasing, 86 
Engineered safety system technologr, 101 

Engine system technology, rocket propul- 

Engine Test Stand (ETS-l), 14,166 
English Electric Co.. 800 megawatt con- 

densing turbine generator systems, 99 
Enrichment, uranium 

- Engineering practice schools, 247 

sion, 164 

commercial, feasibility studies, 33, 34 
definition, 29 
toll enriching, AEC, 30-33 

Enrico Fermi Atomic Plant,  highlights 

Enterprise, nuclear reactors for, 67 
Environmental effects studies, 151 

i 2  1967,326 - 
a Environmental safety program, stronti- 

En-rironment control, research animals. 

E. 0. Lawrence Memorid Award, 380 

um-90 long-range, 187 

269 

DEX 379 
Equal employment opportunity 

compliance reriews, 283 
special efforts, 283 
specialized sources of minority group job 

seekers, 268 
Equipment grants and services, university, 

245 
Erbium, natural, use in production of 

thulium-171, 186 
Erosion rates, high-speed turbine blades, 

109 
ETS-1, see Engine Test Stand Number 1 
Euratom 

materials requirements for reactor and 

safeguards control information, 216 
see also European Atomic Energy 

Community 
Eurochemic chemical processing plant, in- 

spection, 54 
Eurochemic, see European Company for  

Chemical Reprocessing of Nuclear 
Fuels 

European Atomic Energy Communits 
(Euratom), cooperation wlth USAEC, 
210 

European Company for  Chemical Reproc- 
essing of Nuclear Fuel (Eurochemfc). 
211 

European Nuclear Energy Agency, coop- 
erative programs, 211 

European reports clearinghouse, 223 
Exchange systema, technical information 

nuclear power programs, 211 

international, 222 
licensing conditions, 141 
theoretical physics, 223 

Exclusion area, 132 
Exhauet steam, for industrial processes, 98 
Exhibits, foreign and domestic, 227-233 
Experimental Boiling Water Reactor, clo- 

Experimental Breeder Reactor No. 2 

Experimental navigational satellite, Navy, 

Exploration and development drilling, pri- 

Explosives, nuclear, use in mining experi- 

Exports, radiofsotopes, 138, 342 
Exposure, radiation, statistics 

cross-section validity, 144 
method of data  gathering, 143 
range of annual doses, 143, 144 
records and reports system, 292 

sure of, 95 

(EBR-2) , 82 

173 

vate industry, 27 

ments, 17 

External proton beam, 257, 265 
Extractors, centrifugal, 109 

F 

Facilities, nuclear 
civilian, 114, 118 
compliance inspections, 144 
fast breeder reactor physics program, 

licensing, 119, 135 
LXLFBR program, 81 
plants abroad, 218 

for, 85 
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Facilities, nuclear-Continued 

review panel on contested cases, 115 
weapons production, modernization, 60 

Faculty training institutes 
fidl-time graduate study, 245 
in-service training, 245 
research participation, 245, 246 
summer sessions, 244, 245 

Fairbanks, Alaska, prototype unattended 

Fast breeder reactors 
liquid metal, development, 7, 72, 63 
physics program, 84 
research using sodium-cooled reactors, 

steam and gas coole8, 73 

seismological laboratory, C5 

127 

Fast Flux Test Facility, Hanford, 82 
Federal Radiations Council (Ii’RC) 

deposition of iodine-131 on pasturage, 

report  on uranium mine safety guide- 
155 

lines, 155 
Federal Register 

general requirements for reactor sys 

proposed amendments to, 292 

conversion, new facility for, 274 
employee distribution, 281 
plant shutdown, 289 
weighing and sampling, 53 

terns design, 116 

Feed materials 

Feed Materials Production Center, 318 
Fellowship programs 

distribution, 1967, 244 
health physics, 243, 244 
postdoctoral, one-year duration, 243 
three-year traineeships, 243 

Fermi reactor, 82 
Fermium, production of, 42 
Fertility, lowered, causes, 270 
F F T F ,  8ee F a s t  Flux Test Facility 
Field fabrication of containment -i-essels, 

124 
Film badges 

new system, 157 
summary of readings, 143 

Film libraries, 351 
Films, informational 

atomic energy, 232 
available to public, 351 
awards, 233 
international aspects 

depository services, 233 
loans, 233 

Finances 
aid t o  communities, 291 
balance shpet, 358 
costs incurred by 

college and universities, 361 
geographical locations, 360 
principal prime industrial  contrac- 

research laboratories, 357 
tors, 363 

fiscal year 1967, summary, 355-356 
plants and equipment by location, 364- 

statement of operations, 356 
support t o  IAEC, 210 

371 

INDEX 

Financial protection from nuclear acci- 

Fire  damage, “N” reactor, 159 
dents, see Indemnification 

Fish, Eas t  Coast, radiation preservation 
studies, 189 

Fission products 
absolute yield determination. 76 

, - -  commercial Processing plant delay, 45 
definition, 44 
release study, 107 
Rater lerels, 152 

Five-year effective Periods, materials 
licenses, 137 

“F’ised price” contract, replacement for, 
294 

Flaw detection, 104 
Fluid dynamics, boiling initiation of liquid- 

metal reactor coolants, 109 
Fluidic temperature sensor, high radiation 

and  temperature environment, 106 
Fluorescence, radiation-induced 

nuclear explosion detection, 66 
use in isotope separation, 41 

Food and  Drug Administration, 137 
Foods, radiation processed 

fresh seafood, 189 
fruits,  189, 228 
meats, 192 
vegetables, 228 

review, 336 
F o r t  Calhoun Station, Unit  1,  application 

F o r t  St.  Vrain Power Station 
application review, 334 
highlights, 28 

Fracturing, nuclear, use in  natural gas 

Fresh water  production, Calif., 99 
Frigates 

stimulation, 199 

guided missile, 6 s  
nuclear-powered, 67 

Fuel assemblles, uranium and plutonium 
isotopic content, 54 

Fuel behavior, long-term, 172 
Fuel burnup, calculations, 54 
Fuel capsule derelopment, high tempera- 

ture,  182 
Fuel element 

development, 164 
fabrication and recovery, employee dis- 

tribution, 251 
storage af ter  irradiation, 35 
unclad graphite, 92 

Fuel  loading process, computer-handled, 

Fuels, 
109 

isotope, development, 182-1S7 
metal-clad, in nuclear safety studies, 106 
reactor 

alloy tes t  samples, 77 
compatability in s-dium coolant en- 

criteria for, 76 
cscle, basic steps in, 29 
emergency cooling system, 104 
fu tu re  facilities, 44 
particle stability, 107 
plutonium, i n  breeder reactors, 76 
pr i r a t e  processing facilities, 44 

vironment, 84 
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fuel tests, 106, 10: 
primary facilities, 

Gaseous diffusion pl: 
capacity, 30 
new weighing star 
operations, 35 

Gas, natural ,  see E a  
Gas sampler, radon, 
Gauging systems, ai 
General Advisory CC 
‘‘General Design 

Powerplant C 
publication, 11 

General Electric Co. 
design criteria f o  

fuel processing f a  
SNAP-27 develor 
Southwest Esper  

actor  (SEFOR 
General license, e 

destinations, 1 
General Nucleonics 
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General requireme 

reactor system 
General Services 

facilities dispo 
Generators, isotopia 

cardiac pacemalit 

buggy 

work, 33 
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SXAP-19,174 
S?SAP-27,174,1 

Genetic changes, f a  
George Washingto 

submarine, 69 
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tive program, 
Graduate program 
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Fuels-Continued 
reprocessing plants, 129 
test  facility, S2, S3 
transition from Gorernment to prir- 

ate market, 372 
w e  also Irradiated fuels and Xuclear 

fuel 
“Fundamental n’uclear Energy Research- 

Fungi, complication in mammalian re- 

FuYnance corrosion experiments, accuracy 

Fused Salts Information Center, 347 

1967,” arailability of, 251 

search programs, 268 

of, 164 

G 
Gamma radiation, levels from under- 

Gamma-Ray Spectrum catalog, 347 
Gasbuggy experiment, .see Project Gas- 

Gas centrifuge work 

ground tests, 151-153 

b w m  

discontinuation of privately sponsored 

economics of, 34 

fuel tests, 106, 107 
primary facilities, 67-88 

Gaseous diffusion plants 
capacity, 30 
new weighing station, 53 
operations, 35 

Gas, natural, see Natural gas 
Gas sampler, radon, 149 

work, 33 

Gas-cooled, high-temperature reactors 
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Gauging systems, aircraft, 195-197 
General Advisory Committee, 304 
“General Design Criteria for Nuclear 

Powerplant Construction Permits,” 
publication, 117 

General Electric Co. 
design criteria for  boiling water reactors, 

fuel processing facility, 44,129 
SSAP-27 development, 174 
Southwest Experimental Fas t  Oxide Re- 

General license, exports t o  Soviet bloc 

General Xucleonics Corp., krypton-65 con- 

General requirements, design of power 

General Senices  Administration (GSA),  

Generntors, iwtopic thermoelectric 

117 

actor (SEFOR), 127 

destinations, 13S, 139 

tinous oil gauging s.rstern, 195 

reactor systems, 116 

facilities disposal, 289 

cardiac pacemakers, 179 
- .  SXSP-19,174 

SSAP-27,174,175 
Genetic changes, factors in, 270 

~ George TPnehiwgfon ISIYBN 5 9 S ) ,  Polaris 

Georgia Insti tute of TechnologF, coopera- 

Graduate programs, nuclear science, 241, 

Graphite-modcrated reactor 

_- 
- submarine, 69 r .  

6.n 
a3 t i r e  program, AEC, 230 

246,247 

helium-cooled, 91 
sodium-cooled, shutdown of, 12s 

Graphite, reactor structure, sublimation 

Great Britain, nuclear science literature 
studies, 108 

abstracts, 256 
Greece 

1abor~tor.r-to-laboratory agreements, 216 
research agreements, 2-15 

Ground experimental engine @E), 

Ground experimental engine, coId-fiow 

Ground water, use by trees, 194 
Growth indicators, nuclear industry 

166 

(SECF) , 14, 166 

entry of major petroleum companies, 272 
expansion of facilities, 271 
reactor fuel, transition, 272 
uranium ore exploration, increase in, 

Guaranteed prices, uranium and plutonium. 

Guards unions (independent), representa- 

Guidelines, uranium mine safety, 155 
Gulf General Atomic, Fort St. Vrain plant 

Gulf Oil Corp., fuel processing studies, 44 

272 

33 

tion, 263 

components, 89 

H 

Halden Boiling Water Reactor Project, 211 
Halls of science 

American Museum of Atomic Energy, 

Chicago Museum of Science and In- 

Nuclear Science Center, Flushing 

Hallum Nuclear Power Facility, closure, 

Ham, irradiated, approval for public con- 

Hanford and Savannah River reactors, 

Hanford Atomic Metal Trades Council 

Hanford Environmental Health Founda- 

Hanford Works 

renaming, 231, 232 

dustry, plans for improvement, 231 

Neadows, 231 

114,126 

sumption, 192 

long-range planning, 36 

(HAMTC) , strike action, 38 

tion, 318 

B-Plant modifications, 46 
chemical processing facilities, new con- 

tractor, 4, 2237 
contractor-operated, 316 
facilities closed, 36 
Fas t  Flux Test Reactor (FFTB) Fa- 

isotope production test, 39 
long-range process research and de- 

velopment program, 36 
“N” reactor, 36 
other reactors, production, 3s 
production cutbacks, 34 

zsupplier of radioisotopes, 45 
waste management plans, 46 

Hastelloy E, Phoebus nozzle structural  

Hawaiian Island complex, readiness capa- 

cility, 83 

material, 163 

bility, 63 
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H. E. Robinson S.E. Plant,  Unit 2, status 

Health physics 
1967,331 

fellowship programs, 243 
research programs, 249 
training programs, 241, 249 

grating air samples, 149 
Health Services Laboratory, XRTS, inte- 

Hearing examiners 
functions of, 121, 296 
operating permit review, 297 
reactor construction permits, 130, 132, 

Heart block, treatment aid for, 177, 179, 

Heat, body dissipation, 181 
Heat source, isotopic, 182, 1S6 
Heat transfer, liquid-metal heat es- 

Heavy element production, 42 
Heavy water, production and sale, 43 
Heavy water reactors 

296,297 

180 

changers, 109 

administrative office, 93 
change of emphasis, 91 
Piqua, 93 
promam objectives, 91-93 

Helium-cooled graphite moderated reactor, 

Helium-neon continuous wave laser, 90 
Hesadecmol, retardation of water evap- 

High atomic number isotopes, production 

High current proton accelerator, medium- 

High Energy Physics Advisory Panel, 314 
High Flux Isotope Reactor 

91 

oration, 194 

of, 40 

energy, 260 

production of tungsten-188, 50 
storage of “spent” fuel elements, 109 
target rods and carrier, 42 

High priority programs, reactor safety, 102 
High-temperature, gas-cooled reactors 

High Temperature Reactor Development 
Associates, Peach Bottom Plant  
builders, 87 

(HTGR), S7-96,108 

High yield detonations, underground, 61 
Holmes and Narver, Inc., project con- 

struction agreement, 2S4 
Hnt Creek Valley. test site, 61 
“Hot” engine testing 

readiness for ,  165 
removal from ETS-1, 166 

Hourly earnings. increase, 252 
Humboldt Bay Power Plant,  Unit 3, high- 

HWR, see Heary Water Reactor 
HFdronen, liquid, Phoebus reactors, 162, 

lights 1967, 325 

u1 
c.3 163 - 

I 3 c . l  

C’? IAEC, see International Atomic Energy 
1= Commlssion 

Idaho Chemical Processing Plant,  CDE 

Idaho Health Services Laboratory, new 

.-I-- - ,  

installation, 107 

sampling technique, 150 

Idaho h’uclear Corp., operation of ATR, 72 
Idaho State University, radiation tech- 

Impurities, oxident, corrosive effects, los  
Incidents, radiation 

exposure from strontium-90 source, 145 
highest 1967 esposure, 145 
insignificant exposures, 145 
requirements for reporting. 145 

niques program, 247 

_ ,  -- d‘Inconel” 600, containment material, 186 
Indemnification 

agreements in effect, 134 
Price-Anderson indemnity provisione, 

safety record, 133 
small reactor financial protection b- 

134 

crease, 134 
India 

boiling mater reactor stations, 218 
nuclear e n e r n  centers for  amicultural- 

research and power agreements, termi- 

technical information exchange, 214 

site development, 112 
Unit 1, highlights 1967, 327 
Unit 2, status 1967, 331 
Unit 3, application reveiw, 337 

Indonesia, research agreement, 345 
Industrial and agro-industrial complexes, 

Industrial cooperation, offices of, 19, 235 
Industrial radiography, employee distribu- 

Industry 

industrial complexes, 17  

nation date, 345 

Indian Point PiUClear Power Stauon 

derelopment, 100 

tion, 281 

Access Permit Program, 236 
codes and standards, consolidation, 118 
esploration and development drilling, 2 j 
feasibility studies, uranium enrichment, 

fission products plant, termination of 

growth, 112, 114. 271 
information activities, 232 
participation in LNFBR program, 79, 81 
patent applications, 237 
processing facilities, 44 
regional support activities, 276 
safety, 104, 105, 142, 143 
uranium procurement, 24 

33 

plans for ,  47 

Industry-AEC, cooperative activities, 21. 

Industry associations 
275 

Atomic Industrial Forum (AIF),  meet- 
ings with AEC CommiRsioners, 27s 

specialized. 275 
Inertial guidance measuring system, air- 

Information activities 
craft, heat for, 182 

declassification program, 235-236 
exhibits and demonstrations, 19, 227 
films, 231, 352 
food irradiation research, 19% 22s 
information and data Centers, 19, 223* 

patent availability, 236 
regional clearinghouse, 19 

347 

formation actiai 
States, licensing 
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Information ac t iv i t ies4ont inued  Inventory, uranium, 25 

States, licensing criteria and changes, Investment company, dirersification actir-  
141 ity, 285 

, technical, 213, 221-233, 347 Iodine-123, new production Process, 50 
Information Center for  Internal Expzsure, 

Information Integration Group, 347 
Information systems and services 

AEC-IAEC agreements, 222 
development of machine systems, AEC- 

Injection well, technique for gaseous waste 

Injuries, frequency and severity 228 

Iodine-131 
347 kidney function studies, 13s 

milk levels, 152 
Ion exchange process 

concentrating units, 110 
in  the recovery of rhodium and palla- 

dium, 48 Euratom, 222 

disposal, 11 
lran 

carbon-14 radioactive dating laboratory, 

days “lost or charged,” 143 research agreement, termination date, 

types covered, 143 
frequency rate, 143, 147 345 

In-service institutes, science teacher train- 
ing, 245 

Inspection of nuclear facilities, foreign 
and domestic, 54, 144 

Institutes, faculty training, 244 
Instrumentation, reactor 

carbon activity in flowing sodium, 109 
computer programming, UHTREX, 109 
fluidic temperature sensor, 108, 109 

Insurance, nuclear, 8ee Indemnification 
Interagency Radiological Assistance Plan, 

Inter-American Nuclear Energy Commis- 

Intermediate yield calibration test, 61 

International Association of I\iach1nists, 

International Atomic Energr Commission 

156 

sion, Advisory Committee, 213 
~ 

- International agencies, 209 

representation, 283 

(IAEC) 
application of safeguards, 52 
film library, Vienna, 233 
financial support, 210 
inspection of U.S. plants, 17,44 
policies, 210 
trilateral safeguards, 216 

agencies, 210 
agreements, 346 
civil uses of atomic enerm, 213 
food irradiation support, 14, 193 
nuclear and other material distribution, 

safeguards, 52 
technical information and reports, 17, 

International cooperation activities 

17, 209 

212, 222 
.- t? water desalination. 17, 211 
’ ;3 International Telephone and Telegraph Co. - (ITT), 22, 2S7, 318 
c3 International Union of Operating En- 
-1 

a Narrel  experiment, STS,  206 

gineers, drilling dispute, KTS, 284 
Interoceanic sea-lecel canal studies 

objective in nuclear excavation program, 

Switch event, XTS. 206 

Midwest. 277 
Southern States. 276 

206 

Interstate compacts 

P CLOP 

Iridium-192, production, 60 
Iron metabolism studies, labeled com- 

pounds in, 138 
Irradiated Foods, Inc. (IRRADCO), 192 
Irradiated reactor fuels 

AEC processing extension, 43  
private processing facilities, 44, 129 

Irradiation facility, variable dose-rate, 269 
Irradiators, food proceseing, 191 
Isochem, Inc., termination of recovery 

Isolation, experimental animals, 269 
Isotopes 

venture, 47. 285 

air pollution studles, 15 
applications and radiation registration, 

fuel sources,l83 
production test, 39 
recovery and sales, e4 
separative work, 34 
special, production of, 39 
water tagging, 194 

22 

Isotopes Development Center, Oak Ridge, 

Isotopic radiation applications, 189-193 
Isotopic separations technology, AEC pro- 

gram on, 33 
Isotopic systems 

49 

radiation applications, 197 
terrestrial and space, 14, 171-182 

desalting studies, 212 
research agreement, effective dates, 345 

Italy, research and power agreement, 345 

Israel 

J 
Japan  

new power plants, 218 
nuclear science literature abstracts, 226 
research and power agreement, effective 

JCAE, see Joint Committee on Atomic 

Joint Committee on Atomic Energy 

dates of, 345 

Energy 

distribution of nuclear material, 55 
hearings on radiation exposure of ura- 

membership, 303 
reactor regulations hearings, 115 

nium miners, 154, 291 

.‘loiimnls. nuclear technology, 226 
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Kansas City Plant,  contractor-operated, 

Kennecott Copper CO. 
new uranium sources, 26 
Sloop proposal, 204 

319 

Kerr-McGee, feed-material conrersion 

Ketch gas storage proposal 
aims and objectives, 202 
feasibility study, 16, 202 

plant, 274 

Kewaunee Nuclear Power Plant, Unit 1, 

Kidney function studies, labeled com- 

Kiwi, definition, 164 
Knolls Atomic Power Laboratory, con- 

Borea 

application review, 338 

pounds fo r  diagnosis, 138 

tractor-operated, 319 

laboratory-to-laboratory arrangements, 

research agreement, effective dates of, 
215 

345 
Krypton, absolute yield measurements, 76 
Krypton-85 

diagnosis of cardiac abnormalities, 138 
oil and fuel gauging systems source, 195 

1 

Labeled compounds, export of, 138,139 
Laboratories, mobile, 247 
Laboratory Animal Information Center, 

Laboratory graduate fellowships, 243 
Laboratory-to-laboratory arrangements 

347 

member laboratories, 215, 216 
provisions of, 215 

Laboratory training programs, faculty and 

Labor relations 
students, 245-245 

collective bargaining, 289 
contract renewals, 279 
employment after facility transfer, 289 
project construction agreement, 284 
state  compensation laws for radiation 

strikes, 284 
union representation, 253 

highlights, 1967, 94, 32s 
technical support contractor, 95 

workers, 292 

Lacrosse Boiling Water Reactor 

Lafayette (SS€N GlG), Polaris submarine, 

Land acquisition, test  sites, 61 
Large Component Test Loop, 84 
Laser, helium-neon, as a light source, 30 
Latchkey-Crosstie Series, 60, 323 
Lathrop Wells, a i r  sampling, 153 
Launch IV, 66 
Lawrence, E. O., Memorial Award, 250 
Lawrence Radiation Laboratom 

63 

contractor-operated, 319 
Gasbuggy project, 200 
Shock Wave Data  Center, commence- 

- - - L  - 2  - -_ I_  - no9 

Lawrence Radiation Lahratory-con. 

monitoring, 240 
Leaching, copper ore, 204 
Leak rates, containment shells, 102 
Lead residues, new detection method, 195 
License e s 

training program, accelerator radiation 

derelownent of radiation safety pro- 
grams, 136 

indemnity agreements, 135 
Licenses, patent, 236 
Licensing 

AEC decisions, 137 
civilian applications, 122, 12e, 131 
fuel reprocessing, 129 
nuclear facilities, 128 
operator, 130 
radioisotopes, 135 
reactors 

improvement of, 113-119 
test, 126 

suspensions, 144 
“Life Science Radiation Laboratory,** blo- 

logical experiments demonstrations, 
230 

Life tests, generators, SNAP-27,178 
Light Water Breeder Reactor ( L ~ R ) ,  

Light water reactors 
concept of, 86 
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programs, State, personnel training for, 

records, exposure, 292 
“Radiation and Man,” exhibit, 231 
Radiation Chemistry Data Center, 347 
Radiation Effects Information Center, 

Radiation Shielding Information, 347 
radiation techniques program, two-year, 

142 

347 

247 
Radioactive materials 

loss of, 145-146 
recovery from spent fuel elements, 130 
retirement of, 128 
shipment, 49 
waste 

burial, 138 
8ee also Wastes, radioactive 

explosions, 208 

plant studies, 265 
workshop training in, 246 

Radioactivity, atmospheric, from cratering 

Radiobiology 

Radiographic equipment, standards for, 
137 

Radioisotopes 
AEC’s withdrawal from production and 

electricity generators, 173 
sales, 6, 50 

firr;,.- ....nd..-~ 4 ‘ 

licensing regulatic 
moon probes, 195 
power system for 
products, ne%, 6, 
sales, 50 
U s e s  and markets. 

tadioisotopes Licen 
tadioisotope tech1 

ladioisotopic-thern 

isotopic space PO 
SNAP program, 

Radiological m o d  
Radiopharmaceutie 
Radio signals, f ron 

Radon, public healt 
Rain forest ecoloa 

in, 249 
Rancho Seco h’ud 

Unit 2, applic 
Rare earth element 

device for yield I 

fuel forms, 183 
Rare Earth Inforn- 
Ratio measuremen 

pollution anal 
Reaction rate  of IC 
Reactor and react 

Reactor Physics c 
Reactor primary 8 

Reactor8 
boiling water, 1 
breeder, 7, 73, 7 
converter, adVD 
dual purpose, 3 
EBB-2, E2 
general 

246 

(RTG) 

173 

distribution, 

development 

licensing anc 
non-breeder 
oceanograph 
operations, 
order, const 

ing, 338 
safety s tan i  
shutdowns, 
space systeo 
technolorn, 

graphite mode 
heavy water 

l ight water, 7, 
liquid metal f: 
molten 6dt CG 

Phoebus-1B, 
Phoebus-2CF 
pressurized TC 

resonance, 41 
role of thoriu 
sodium-coolel 
steam and ga 
K!HTREX, 9: 

71-110 

125 

NRX-AB, 12. 



INDEX 391 
Radioiso topes-Continued 

licensing regulations, 10, 135-139 
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Reaction rate of loss, parameters, 108 
Reactor and reactor components, employee 

Reactor Physics Constants Center, 347 
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converter, advanced, 73 
dual purpose, 36 

general 

246 

( RTG ) 

173 

pollution analysis, 193 

distribution, 261 

EBR-2, P2 

development and technology, 7, 

licensing and regulation, 115, 119-135 
non-breeder development, 87-96 
oceanographic and terrestrial, 97 
operations, 36-43 
order, construction application pend- 

safety standards for, 73-75, 101 
shutdowns, 36 
space systems, 171 
technology, 162 

71-110 

ing, 338 

graphite moderated, helium-cooled, 92 
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Scintillation crystals, cesium-iodide, 194 
Scoping tests, technology related to ECCS, 
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Scylla facility, Los Alamos, 260 
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Security classification Of information, 235, 
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Test detection, nuclear, satellites for, 5 
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