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FOREWORD 

i'ile 
of 1960 shows that atomic eneru coiitiiiues its vital role 

O,,r national defense effort. The growth of the atomic power 
* :1 ,ellt of the atomic energy industq- lias kept pace Kith the tech- 

loAcnl progress achieved. Commercial serx-ices and supplies of 

!a% erienm is being gained in operating major power reactors. 
ow, the principal experience in operating reactors has been ESP 

i-ntil n 
?ifher from naval propulsion reactors, or from the Skippingport 
irurnic Power Station. This year, tvi-o more nuclear plants produced 
e tscity-plants with a capacity of 290,000 kilowatts. Within the 
efn? ve8m, 648,000 additional kilomtts of nuclear cape i t3  will be 
*st w 

leted. By the end of 1962, the installed nuclear capacitp will 
ore than 1,000,000 kilowatts. Operation of these plants will * m  increase efficiency of design and operation and cut costs. 

* F~ are exploring new and radical concepts for power reactors 
ajth the objective Of reducing further the cost of power froin nu- 

sources. Construction and operation of reactor experiments 
is deepening and widening our technoIo,rrS.. We are 

raplvhg the know-how of national laboratories and industrial or- 
5 !lizntions to the tasks of simplifying equipment, improving safety, 
ad clltting fuel cycle costs. 
ni~ broad effort will steadily increase our technical competence. 

HoPrecer, ve cannot predict exactly when we will achieve costs for 
zaclesr power that can be considered competitire with fossil-fueled 
.m.~entional plants. Three utility organizntiolls advise us that they 
k'p considering building large nuclear power plants mainly on the 
k i s  of economic considerations. These developments indicate that 
: : : i~c~un t r~  is at least close to tbe point where investment in large 
zdear pover plants in certain areas may be considered economical 
s e r  the life of the plants. 

Zn other countries, the Atoms for Peace prograin has helped to 
' i d a t e  interest in putt,ing atomic energy to ~ 0 1 - 1 ~  in beneficial 
g=tpIimtions. 

.ieveml nuclear p x e r  plants should be operating in J\-=tern 
E;mP bS 1965; One of 150,000 kilowatts by 1963. The I\-estern 
Earnpan nuclear power program hm progressed less rapicQ than 

expected. The costs of fossil fuels tIiere took a sliarp 
~ zqKard turn, SO that Iyestern ~ u r o p ' s  conventional poq-er Costs, 
h'rly m ~ ~ c h  &$ier, have declined sharply and, in SOllle coulltries 

:io tprials b are adequate for industry and Government requirenients. 

1 .  

-_ 

XI 
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or areas, n o ~  are i i ea r l~  as low as power costs in soille 
Il;'nitecl States. 

&?cent, actions of India and Japan indicate their fir111 i ~ l ~ p l , ~ A , r  
putting nuclear power to work. 

Obstacles to further progress in iiuclenr pon-er for tile fl.rc ~~ 

are being e h i n a t e d  or lessened through tlie work of interlial 
atomic e ne rg 5- 0rg':iii i z a t io I 1 s TI- i t 11 vi Iii ch we c oo p e r u t e. 
against diversion of nuclear materials from peaceful use 
approved by the International Atomic Energ-  -1gency. sollle I,,,,.,. 
ress has been made on provision of indenmification agai1lsk l,,l, , le+- 

now come under bilateral agreements on peaceful uses of a ~ r r l ,  

energy between the LJnited States and other countries. 
The use of radioisotopes continues to expand, and we ]lope to 

techniques. 7Te are exploring nev m-ays of putting radiat;,, t; 

work-in the preservation of foodstuffs and sterilization of medi12# 

supplies, or in the procluction of improved materials WitI,  , , e ~  

applic a t' ions. 
Eesearch and derelopment are making broad and continllous ~f~ 

tributions to the adrancenlent of scientific kno~ledpe  and to tile 13r,-r 
ress of teclinologp for peaceful applications. Some develol,n,r.r,,. 
contribute promptly to our welfme-for example, the use of radioiy_ 
topes in biology and medicine and industry ; other benefits are for 
long term. 

Production of nuclear materials, from mines to fuel elements 
nuclear vi-eapons, has continued witli steadily impro~-ec7 efficieIlpy 

economy, and at rates consistent with national needs. 
The domestic iiiiiling and milling industry has been placed on 

stable basis with procluetion being brought into balance with cu21p:- 
militxry needs and ci-rilian requirements. There is a potential fe 
prompt expansion whenever needed. Domestic sources  no^ supp;: 
slightly more than half the total amount of uranium Ke requii.. 
a nnu a 1 1 ,v . 

The Com~r~ission continues to place firm emphasis upon strength: 
iiig safety precautions on uses of radiation in its own operations i i ~  

those of licensed users of atomic energy. The standards limitif; 
ractiation exposures of workers in the industry have been r e ~ k ~ ~  
estahlished, and promulgated. To assist public understandin; E 

m clia t ion problems, tlie Coininission has  initiated f till periodic repf- 
to the public on radiation levels in the ricinity of its installatin:* 

1% CJf ~: 
* *' 

accidents. The IAEA a i d  other international agencies esI,epl 
matelp to take over many of the responsibilities and fL1llctinll, I r ,  

celerate this expansion by de~elopmental research to find iie\T ;th a . .  

I 
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And Commission Activities 

The Nuclear Reactor Indastry 

qix civilian and military reactors were under active design 
* . rllction in the United States as of mid-1960 with a total esti- 

GT 

cost of $1,398 inillion exclusive of reactors for propulsion of 
r3s8~ 1.e-. q e  1 s and aircraft and space reactor work1 These mid-1960 

coInpared with $1'23.2 million estiniated cost of 58 reactors in 
. pnIlle categories as of mid-1959. The estimates are based on sur- 

z+ con&lcted each quarter by the Atomic Energy Commission and 
~ q l ~ i r ~ ~  p~blished as available. The latest figures assembled as of 
zFf riIlle of this report were for the quarter ended June 30, 1960. 
nlP Commission estimated that the costs incurred for  the year ended 

* $1, 1960 totaled about $641 million for the entire reactor field 
Itt..it-e of n a r d  propulsion reactors. This figure included $289 
im for reactors under active design or construction during the 

=g. *me $127 millioii for aircraft and space reactor work, and about 
'2.: riiillion for cther reactor research and development. 

i ' ~ s  for naval propulsion reactors apparently continued to be in- 
~ m 1  at about the same levels as last year with 36 reactors authorized 
- mler constjruction as of June 30, 1960, compared Kith 40 at an 

: \dent  time the previous year. Nuclear propulsion plants under 
=sruction or authorized for installation in naval vessels as of June 

- i%%? had a totd estimated cost of $402 million compared with $418 
By the end of December 1960, an a4ddi- 

Zjdy-- 

gt;;jfpd 

- 

Elf as of June 30, 1959. 
urd on p. 6.)  

IL&r amounts used are for complete reactor projects including, for esample, reactor 
and construction, research and development on each specMc project, waiver 

- =-- c h a r m ,  nonnuclear portions of  central station electric power plants, land for 
% -d training of operators. An exception i s  the N.S. Savannah on which only the 
*/--e Plant Costs are included. 

3 :it!3.;+61-2 
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Reactors ia 1960 
"_ 

Operating experience and firin cost data based 011 routine Operatioi,; 
of nuclear central power stations, plus constaiitly advancing tea- 
nology, are the keys to the national effort to achieve colnpetitive cw5 
for nuclear power. Two nex- large nuclear stations startecl pR* 

ducing power during 1960. (See upper photos) During the nFE 
two years, new nuclear stations will add 648,000 kilowatts to tb 

C'AROLI XA S-VIR G ISIA-Xcw Start CONSUMER S-New Start 

t-nited States' el 
bing gained wit1 
with the develop] 
gnrted this year 
d i c h  are picturec 

BQSli'S-New Start 



Start ORGASIC-COOLED-Yczu Start 
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tioiial 6 propulsion reactors costiiig about $L)O iiiillioii hncl 1 
thorjzed. Records were not available to diow the rate at mllj 
Irere incurred a,rrainst these estimated amounts. Orders fop ,,,,% , 

~ t-IJl:t 
melit fuel elemelits for 1ia.va1 propulsion reactors o b ~ - i o ~ i s l ~  
crease Kit11 14 subiiiarines i i o ~  o1)eratiiq mil  I other iiu&kLl. ~t?, 

Iauncbecl during 1960. 
Reactors included in these tot& are all those under active 

or collstruction vi-rhich are listed in Appendis 12, Part  I, Cirilikkn 
a.ctors, Part  11, 3Lilitar-j- Reactors, a i d  Part  111, Production 
Certain re%ctors listed as b'planirecV' in Appendis 12 a,re esclu. 

construction as of June 30, 1960.2 
hi During the latter part of 1960, tv-o Iiiore lluclear pon-er 

began producing electricity, adding 290,000 kilowatts to t]le llatir,l, 
riuclear electrical capmi ty-the Dresden Suclear Power &,tioI, 
Illinois, and the Yankee Atomic Electric plant in Massachusetts. 

Fifteen power reactor projects now underlvay are sclieduld 
comp1s;tion before the end of 1963. Kearly 300,000 liilo\vatts 

4 

from clrarts and tables because t,lie.F were not under active ciesiL,, ( I  

2 The excluded reactors in Part I, Appendix 12, are the Improved Cscle Boiling 
Reactor, the Organic Cooled Reactor Prototype, the Small Size Nuclear Power plnnL", 
Experimental Low Temperature Process Heat Reactor, and the Southern California Ecb 

Co. power plant. 

K i l o w a t t s  - 
GROWTH OF US. NUCLEAR 

1,200,000 ELECTRIC CAPACITY 
a 

I I 1 I I / l ,o  00,o 00 

800,000 

600,000 

400,000 

200,000 

0 
1958 1959 1960 1961 1962 1963 

5 0 0 b S q b  

CUMULATIVE T O T A L  

electrical capacity 
watts in 1962, and 
Ef~ctrical Capacit! 
fft60. Segotiation 
d.ummission reacto 
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f ~ : ~ l l ~ ~ ~  Suclar Power Facility, Hallani, Sebr _ _ _ _ _ _ _ _ _ _ _ _ _ _  75, OOO ekw 
Snflhern States Power Co. (Pathfinder plant), Sioux Falls, 

S.Dali------------------------------_-----_----__------- 62,000 ekm 
CQnsumers Power CO., Big Rock Point, Mich _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  50,000 ekw 
pacific Gas and Electric CO., Humboldt Bay, Calif _ _ _ _ _ _ _ _ _  48, 500 ekw 
Carolinas-Virginia Tube Reactor, Parr,  S.C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15,000 ekw 
Experimental Gas Cooled Reactor, Oak Ridge Satl. Lab., 

TeM _ ~ _ ~ ~ ~ ~ - - - ~ - - - ~ - - ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ ~ ~ ~ _ _ _ _ ~  22,300 ekw 
Roiling Reactor Xuclear Superheat Project ( B O S U S ) ,  P u n b  

Higuera, Puerto Rice------------- --_---_-______________ 16,300 ekw 
Yankee second core (added camcity) -----__-___-__________ 26, OOO ekw 

355,100 ekw Total : 

Eigh Temperature Gas Cooled Reactor, Peach Bottom, Pa-, 40,000 ekm 
40, OOO ekw 

: 

Total : 
'ledicated years are based on date of initial, or anticipated, criticality or issuance of 

t l l t ~  license. 

*&Trhl capacit1 are to reach criticality in 1961, some 350,000 kilo- 
'S!ts in 196.3. and 40,000 in 1963 (see Chart, Grovth of U.S. Nuclear 
gef~ca1 Capacitj-) . ~ o m e  new power projects were in siglit in late 

'e Xegotiations have begun on a contract for one Atomic Energy 
C n m k '  -ion reactor prototype ; two other power prototypes have been 

5 0 0 b 5 9 1  
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autIlorized. A sii~all process lieat reactor lina been autllorized, , 
wtimated total cost for the four reactors is $50 to  $GO nlilliO1,u r!.* 
addition, utilities are actively considering construction of tilree 
reactors in the 300,000 kilowatt class. 

I -  
Im L ,  

The Itzdusfiry in General 

111 the atomic energy industry as rz whole, about the Salne lIu~nj;lF: 

9)a&.: 
a in t i t ,  
ude t4,p: 

-4Wt lit., 

of companies continued to operate as in 1959. 
are entering the uranium concentrate field. 
ntonzic energy field, intends to broaden its actiritics to  incl 
niercial fabrication of fuel eleimnts for nuclear reacto1-s. 
firm was licensed to manufacture plutonium-beqllium neutron . 

sourcBs 
a device used. among other purposes, in oil-well logging and prerioa,li 
available only from Coiiimission-o~~--ne~ plants. The first Friv-at 
company initiated reactor production of a radioisotope for c~lrnliQ. 
use. 
is concentrating upon gamrna-irra.diation facilities. 

A useful measurement of atoniic industrial activity is providd 
the clollar 1-olunie of manufacturers' shipments as compiled annua!j: 
bj- the Bureau of the Census. The latest figures available are for 
when total shipments were some $215 niillion, about 50 percent ab,ir 
1958, and 145 percent above 1957. 

Two nejv 
One firm, alpe d 

ai,< 
One corporation curtailed its participation in reactor 

Radioisotope Euainess 

The radioisotope se3ment of the industry conthued its stead: 
t7 vowtth during 19GO. Licensed industrial users of radioisotopes il: 
creased 11 percent during 1960 after a 16 percent rise during 
Because isotope production facilities for fission products were shg 
down for some 9 months, (see chart), t,otsl curies shipped declirld 1: 
percent after a 20 percent rise in 1959 and a 37 percent rise in 1 
The backlog of orders awaiting delirery was many times the tot& 

shippe,d during the previous year. 
The continued rise in number of industrial licenses occurred aha  

major iiianufacturers of gaging equipment began operating under tb 
Commission regulation which permits sale of gages under geneti 
licenses7 instead of under an individual license for each user. -45s  
conseqiience, the new licenses usually cover industrial research. w 
of radiographic equipment, or manufacture of gages, and indim& 
increased purchases of radioisotope equipment for industrial ui* 
These sales are in addition to equipment niarketed to medical a~ 
research users. 

RADIOISC 

I 
C U M U L A T I V  

7.5 I I 

I RADIOISO' 
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-4s of Februaq- 10, 1959,  hen general liceiisiiig cf gages cO'ltrc,l,,d 
by a manufacturer's license first -cas autliorizecl, nabout 4,()0,, ea& 
were in use in industry. Cse of the L ceneral license is a t  tile ~ ~ ~ ~ i ~ , ~  
of the Inanufacturer, and not all mmuf acturers hare taken actr 5 

t a p  of this arrangement. Those that do use the genera] ]icellse n-. at, = 

make regular reports to tlie Commission 011 sales. On tlie basis 'Jf I l i  

these reports and otlier data, it is estimated that  betx-ee11 5,000 
6,000 radioisotope gages now are in nse, of n-hich seine 1 0 -  - 
were marketed during 1960. 

I n  addition, radioisotopes and equipniellt containing radioacti, 
sources (such as teletherapF devices) are beiag imported into 
united States. During 1959, the latest p a r  compiled by the B ~ ~ ~ , ~  

from Canada. 

all? 
' uu gagp, 

of the Census, these imports totaled $1,145,000, more than SO perceI,: '1 

The I nternationd M ur ket 

During 1960, one small poaer reactor was ordered from a ~~i~~ 
States corporation by Japan-a reactor that Till use enriclled fuel. 
Japan has not preriouslF favored tlie use of enriched fuel; its one 
previous contract for a power reactor was with the united 1(bgdlarn 
for a design using natural uranium fuel. 

At least one additional power reactor a~ppai-entI~\. is expected to tk 
proposed under the European ,4tomic Energy Comiunit~- 's  joint pMb 

gram with tlie United States in response to the Joint Board's invita- 
tion to be issued in 1961, covering reactors to be completecl by tire 
end of 1965. One large reactor is being built for completion in 19cf; 

The power reactor market has not developed in Europe as rapid]p 
as expected in 1958 when Eumtom programs first were authorizi 
chiefly because the greater availability and downward trend in prim 
of fossil fuels lessened tlie urgency for nuclear povi-er development 

Foreign countries ordered 4 new research reactors from tlie Unit4 
States during 1960. Radioisotopes exported during 1960 had a total 
d u e  of $1.5 inillion. Seven research, training or testing readm- 
built in the United States went into operation abroad during 1960, s 
did t v o  for  production of power-at Kahl-ani-Main in the Federd 
Republic of Germany and at Mol, Belgium. 

The vigorous adxmcenient in arrangements for the exchange of 
inforinntion Tit11 other countries, particularly with Canada in cm- 
nection Kith 1ieax-y water moderated povi-er rsnct)ors and Kith t h  
Ll-nit ed Kingdoin 011 high temperature gas cooled reactors ; the author. 
ization by tlie International Atomic Energy Agency of a studJ OC 

sea disposal of radioactive wastes by the Oceanographic 1Silusew 
Monaco, the first such study undertaken on an interna.tiona1 hsis: 
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in negotiations toward the acceptance of the K.S. SazTan- 

reipl ports ; all were indicative of significant long-range ad- 
tosurd increased illdustrial applications of reactors tl~roughout 

Summary and Highlights 
er, these actillties and accoii~plishmeiits of 1960 pre- 

in the view of the ,ktomic Energy Commission, a picture of a 
oping atomic energy industry. 
of industrial development during 1960, and of Conimis- 

activities, included the following items : 

,.,,,tI-tlxee civilian poiiTer reac.tor protot Spes and experiments 
to cost $858.4 million m-ere under active design or construc- 

f June 30,1960, compared with 18 valued at  $747.1 million at 
tinle the previous year. 

'* 

mnsted 

:$ st111e 

D 0 

8 private industrial capacity continued during 1960 to meet or exceed 
tgdemands of the nuclear industry in the mining and milling of ores; 
- f j  conversion of uranium hexafluoride to forms needed in the 
;--fJuction of fuels, and in the fabrication of fuel elements for private 
sd Gmernment reactors. 

1 fduction of uranium oxide concentrates by Uiiited States mills 
+=e 5 percent to 1'7,730 tons for the year ended December 31, com- 
=d Frith the prerious 12 months. Domestic production repre- 
*'*l.Z percent of total receipts by the Commission compared with 
9 i m w t  the year before. Arrangements have been virtually com- 

for mills to handle ore from developed reserves which had in- 
%'!'me outlets under the Commission program announced April 2, . .  P *#*- - 
' y  pp. j-61 and 353-365, Twenty-fourth Semiannual Report to Congress (Jt~ouary-  * %%SI. 
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P 

CIVILIAN REACTOR PROJECTS 
TOTAL COST OF PROJECT> 

(MILLIONS OF $) 

GOVERNMENT 

$ 2 2 4 . 2  b 

............. ............... 

REMAINING TO BE SPENT 
I 

I $ 6 1 4 . 1  ! I 

6-30-59 6-30-60 

5 0 0 b b 0 2  
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ANALYSIS OF REACTOR ACTIVITY 
1 

3 
IT 

I 

5 0  

?, , Conlmission's report on its program for developing econoiiii- 

3 I. *; ,~ ullder that program, are described in the second chapter of 
*si 1 

111 this sunilnary, the Commission reriews soiiie of the 
- *  npr t .  
- *- karirlg on the development, growth, and state of the reactor 
-€ *in 

of the iiidustry during 1%X. 

~~ 

of ;Tune 30, 1960, there were 66 civilian and military reactor 
under active design or construction for use in the United 

of naval propulsion, aircraft and space reactors), 
r i th 59 a year earlier (see table l).4 Of the 59 under 

rr &,sip or construction 011 June 30,1959, builders had completed 
fitn June 30, 1960 at  a cost of $53 million. Thus, the 66 reactors 

--4RfuT 3ctire design or construction during fiscal 1960 included 15 new 
nlld a reactor modification, started during that year; the esti- 

-.A rw 9 reactors that were completed in the United States during 
1960 included 7 for research, training, or testing. Two were 

=>:ar? prototypes. 
T~ Federal Government, chiefly the Atomic Energy Commission, 

s2,:s~t.d to be the largest innstor  in these reactor projects, incurring 
-e [If some $161 million during the 1960 fiscal year compared with 
g - 5  iiiillion by industry and others during the same period. The 
&mi b:icklog was $446 million compared with some $270 million 
=sinin,n to be spent by industry and others (see table 2). 

bimt one-half the Commission's costs for civilian power prototypes 
expriments is for research and development. &4bout 80 percent 

-=&wic utility costs are for  plant and equipment. The distribution ' -* for reactors under active design or construction during the 
par is shown in table 3. 

'=Til% forward many of the reactor projects the nuclear indus- 
% ia Rachd 8 stage where it now can follow the construction 
- mi dereloPed Ol'er the years in the conventional power field. 
%*kulFy firms, educational institutions and nuclear con- >' *lave played the principal role in the construction of civilian 

,. ,;It ,,lupetitive power reactors, and the technological progress 

=-***, 

tcts 

vas $95 million. 

e 

*?€- 
?tQ flstP Or reactors fire giren in Appendis 13. 

r b 0 3  
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ALL PROJECTS _________________.___________ 

CIVILIAK REACTOR PROJECTS ______._____. 

Power prototypes and experiments----' 
Civilian testing _ _ _ _  - - - - - - _ _  - - - - - - -. - - 
Civilian research- - - _ _ _  - __.__. . _ _  _ _  
Merchant ship propulsion _ _ _ _ _ _ _ _ _ _  __. 

MILITARY REACTOR PROJECN 8 _______.___ 

Military prototypes, experiments, and 
field plants ________________._________ 

Military testing- - _ _ _ _ _ _ _ _ _  _ _  _ _ _  - _ _ _ _ _  

hfATERlALS PRODVCrrON- - _ _ _ _ _  - - _ _ _ _ _  _ _ _ _  

ATOMIC E S E R G T  IN 1 9 6 0  

~ (mil l ions)  
59 1 $1.231 1 

46 $8i3. G 

18 $747.1 
8 74 6 

19 25.4 
1 26. 5 

l2 I $190. 

I $163.6 
5 26.5 

1 $170 4 
- 

TABLE l.-DOXESTIC REACTOR PROJECTS USDER bl.:sIG.\. 
'1: 

............ ALL PROJECTS ____________...__.. 

SOURCE OF Frhms: 
FEDERAL GOVERXMEST _____________. _______. 

Atomic Energy Commission b _____________. 

Depsrtment of Defense -__._______.._______ - 
Other Federal agencies _.__._._- ____-._-__._ 

...................... ~ X D U S T R Y  ASP OTHERS 

Privately owned utilities.. ________._.-_._. 

Publicly o m e d  utilities _ _ _ _ _ _  ~ -_.______-___ 

hranuhcturers & universities - - - _ _ _ _  _ _  - _ _ _ _  

Projects active ---- 
as of June B), 

costs 
incurred 

fiscal year Total Cumulative 1 ~~z 
estimated costs incurred bQ 1W 

Costs Of t h m  June 30,iinc-l~~ 
projects 1960 Junea,ts 

__5 

(millions) (millions) (miltims) (matoa 
Ex: 9289.0 $1,328.3 $612.1 - - 

*-: 
&E- 

10.0 41.0 2s 4 r: 
3.3 15. 6 13.6 - L  

$148.0 $769.2 $323.0 

$1 48.0 $711.7 $281. O 
-- - 

-- _I___ - 
m- 5 

s 4  

10.9 29.2 18 6 1. * 

6.1 27. 7 18. i $ s  

$127. 7 $559.1 $289.1 

0110.7 $502.2 $251.8 
- 

cos ts  
incurred 
July 1, 

1955 thru 
June 30, 

1 WJ 

\ 

(mdlion.~, 
$289.0 

$221.2 

$188.6 

8. 8 
6. 1 

$48. 4 

60 
------- 

54 
\ 

23 

23 
1 

11 

20.7 , 

L 

w 
I 

$45. 6 
2. 8 

$16.4 

NOTE: See Appendis 13 for projects included in this tabulation and also in tables 2 and 3, f o l i o a - ~  

Excluding nav31 propulsion reactors, and reactois and power units for aircraft and spdw 3ppI,w- 
.%e 

TABLE 2.-COSTS AKD ESTIMATES BY SOURCE OF F ~ ~ ~ s  

a The Commission incurred costs of $399.3 million during fiscal year 1960 in its reactor dereloprnt P 
e r a  for reactor research and development. Of tbis total only $61.4 million related directly to P T ~  
included here. 

b AEC costs include depreciation and fuel consumed. 

5 0 0 b b 0 4  
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!VALUE OF ATOMIC PRODUCTS SOLD 

IN MILLIONS O F  D O L L A R S  245 
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a 

ATOMIC EKERGY IN 1 9 6 0  +3 
I 

Product 
- 

1959 - 
$7,497 

19,969 
5,404 

15,933 
27,233 
3,620 

15,455 
13.984 
1,747 

54,845 

11,773 
5,255 

4,684 
3,700 
1,786 

12,547 
18,381 

394 

3,746 
8,89i 

5,586 

244,858 

b This product group colers residual items not specifimllg identified elsewhere and is not mm-a 

c Included in ’* Specialized Reactor Componcnts and Equipment h-ot Included Elsenhcrp.” 
from year to year. 

tractors perform their normal role, integrating and coordinating & 
o m  activities, as well as those of subcontractors and suppIieE*g 
Rssure that project schedules are met. 

Shipments of key sltoinic energy products from private manrrfs 
turers increased in 1959 over 1958 by 50 percent. (See chart,  tal^ 
Atomic Products Sold.) Table 4 summarizes shipments b j  pndz 
groups for the 3 years for m-liich the survey has been made as a hk 
uidert  nking by tlie Bureau of tlie Census and the Commission. 

The Civilian Nuclear Power Program 
111 spite of some delays the. derelopnient of atomic pox-er for c i G =  
purposes continued to show encouragillg proeess  during 1960. ‘E2 
effort is carried out through the Commission’s program, tlirough e 



17 RELATED ACTIVITIES 

e arrangelimits with industry, aiid t,hrough the 
ced efforts of industry. 
lectrical kilowatt nuclear power capacity of tlle United 

\-. t Of ~90,000 k i h n t t s  over the previous year- 
le tlie increasing and inore rapid accuniulation of operat- 

cost infonuation, and general advancemelit in reactor 
The privately financed Dresden Xuclear Pover  Statio11 

- 
Ik> ---. 

C,,nrllon~ealtll Eclison Co., attained full pm-er operation in 
0,000 electrical kilowatts over transmission lines into 

orthern Illinois. This is considered adequate capacity 
f 200,000 population. In November, Dresden ww shut 
f control rod problems. The 110,000 electrical kilo- 

Inkee Stornic Electric Co. reactor, which is a cooperative proj- 
. j: 

=-- + tile commission located at Xowe, Mass., attained criticality in 
-~~~ and full-power operation is expected in January 1961. 
-- *>ooo electrical kilowatt boiling water reactor a t  E& River, 
-8 "'7 

is to achieve criticality in early 1961. The 60,000 
~ Shippingpod Atomic Power Station, which during 1958 and 1959 
,,rided the bulk of nuclear generating capacity in this county, 

Rattor passed its design lifetime objective of 8,000 equivalent 
-p,xer Ilours on the natural uranium blanket elements in the core. 

basis of nuclear plants now authorized for construction in 
[ m a i r e d  States, it is anticipated that a nuclear generating capacity 

one million electrical kilowatts will be in operation by the 
. Host of this capacity will come into operation in the 

i .4~ -* period, during which time 15 electricity-producing nuclear 
zE are expected to go critical. These include a large fraction of 

onstration facilities which now appear to be required to help 
e experience and technology essential for economic nuclear 

WXR of the economies that improved technology and repetitive 
xdacture  of fuel elements can accomplish, for example, is evidenced 
- 5 naval submarine reactor program : Within rewnt years, the 
EZ of naral reactor cores has decreased about 40 percent at the same 
=haat the useful life of these cores has increased about 70 percent. 
% d e w  of progress toward economically lower nuclear power costs 

h v n  during the past j7ea.r by sereral offers of leading reactor 
Xxfacturers to construct large-scale power reactors with price and 

pzrantees which would result in power costs very nearly 
 t ti ti^ with conventional costs in high fuel cost areas. A Cali- 
Td utility has sent a letter of intent to a reactor manufacturer to 
@kite contracts for design and construction of a 360,000 e h  reac- 

f . i  

e-. -,d operation in April after its first refueling. I n  September, --u 

T C  

in high cost areas of this country. 

t ,  
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tor, larger tlian any yet undertaken in the United States, A 
California utility is considering construction of a reactor of si 
capacity. A seven-utility group in Kew Tork State called tile Em Qiid= , . 

a research and development prograin leading to  developrneht 
large scale plant of 300,000 to 500,000' &I-. Contracts kaT, ;'' : *: 

boil jr,,, entered into with General Electric Co. to build a 5,000 
water superheat reactor experiment a t  their F'alleeitos plant in 
fornia and to conduct, research and development work on this conpp 1 

and wilt11 General Atomic Division of General Dp~i~iiics cor I f .  It- I; 
conduct longer range research and development work 
temperature gas-cooled concept. The A4SSOciateS anticipate that L- 
of these research, and development programs -dl result in desi '-tf* 

large-scale plant. 

plants or prototypes, and two experimental reactors. These ape: 

fj@cf,*j6 

State Atomic Development ,4ssociates, Inc.. aimoliiiced 011 Dccemi,, rjip, 

OU a I& 

&I1 01 a 

During 1960, reactor construction was started on four new I,~H$ 

The privately financed Saston Nuclear Experimental Reach, 
Saxton, Pa. 

The privately financed Humboldt Bay Power Plant at E ~ ~ ~ - ~  
Calif. h4 

The Consumers Power Co. Reactor, a cooperatire project, unh, 
the Power Denionstration Reactor Program, at  Big Rock poiE, 
Afich. 

The boiling Kuclear Superheat Reactor of the Puerto Rice IJ-& 
Resources Authority, a cooperative project, under the pa& 
Demonstration Reactor Program, at  Punta Higuera, Puerto Bia 

The Carolinas-Virginia Tube Reactor, a cooperative project, m,+: 
the Power Demonstration Reactor Program, at  Parr, S.C. 

The Experimental Organic Cooled Reactor of the Commissiob 2: 
the National Reactor Testing Station in Idaho. 

Safety considerations and site selection problems altered a nu& 
of plans during the year. Construction of an experimental Iov tm 
perature process heat reactor, a Commission project to proride hts 
to a saline water conversion plant of the Department of Interior, a 
not underhken because the originally proposed site did not meet s f~~  
criteria, and no other safe site acceptable to Interior was found. (3 
struction of the small pressurized mater reactor, planned as a coops 
tive project with a public power organization, was also delsfX 
because the initially proposed site of otherwise acceptable pro@ 
failed to meet safety standards. After privately owned utilities & 
not respond to the Commission's invitation to  make prop0s"k fig 

constructing and operating an organic cooled prototype reactor wk 
the Power Demonstration Reactor Program, the C o d s s i o n  * 

7 

5 0 0 b h 0 8 

IT-Plans F o r  D 
UI Of the publications a 
*JX Printing Office, Was 
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-.derillg the reactor's construction under a contract for operation 
~ W 1  ,ublicly owned utili t>- or: alternatively, by tlle Goi-ernment on 
,I' :t f . ,wission site. Late in 1960, the Coniiilissioll selected a corpora- 
, c "  royos~l as a basis for negoti a t' nig a contract t o  construct a Coni- 

by the cities of LOS Angeles and Pasnclenn, Calif. 
,gm 
1 united States Court of Appeals for  the District of Colunibia set 

&nimission's granting of a construction permit for the The 

Fermi Poxer Plant in &hhig,zn, but construction of the plant zlgico . ,ntin& ~r under a stay pending filial resolution of the case by the 
. .ted States Supreme court  (for details, see section of this report on 

L$!IlS% If llot revised by the Supreme Court, or clarified by new legislation, 
. dgision could be a serious blow to the progress of power reactor 

:,k,lopment, especially vith reactors which embody new features. 
Commission's program to develop technologies to use plutonim 

ger reactor fuel m~~vecl forward during the year Kith construc- 
pa8 SF' 3t Hanford of two major experimental facilities needed for this 
p5oTt- The plutoniuln fabrication pilot plant, completed in AUgUSt, is 

id1r designed for working r i t h  plutonium. Fuel elements mere 
jdbric&d * m  in this plant for the first core of the Plutonium Recycle 

Beactor, d i c h  attained criticality in Norember and is expected to 
2et3hi full pon-er early in 1961. The facility will irradiate plutonium- 
raring fuels and will be of major importance in de\-eloping an eco- 
wdc plutonium fuel cycle. 

1960 the ~ ~ ~ m i s s i o 1 1  coiiipleted a long-range study of tlie 
k i l i a n  Pon-er Program. The purpose of tllis study,5 concerned 

. b  

.!(dl i,n-oTTlled p improved c_vcle boiling water reactor for proposed 

j d e  

i i:l 
+ and Regulation). 

I i, 1: 

iz 

Earl1 

tp&fshed rolumes of t he  Commission's Civilian Power Reactor Program sur rey  are : 
I-Sumrnary of Technical and Economic S ta tus  As  of 1959, (TID-8516), price 

Fm XI-Economic Potential and  Derelopment Program As of 1959, (TID-8517)., prfce 
51.00. 

$6.33. 
h~ 111-Book 1, Status  Report on Fast Reactors As of 1959, (TID-8518(1)), price 

tt.(t0. 
fix 111-Book 1, Status  Report  on Pressurized Water Reactors As of 1959 (TID- 

%: 111-Book 3, Status Report on Aqueous Homogeneous Reactors As of 1969 (TIID- 

k 111-Book 4, Status Report of H e a r s  Water  Moderated Reactors as of 1959, (TLD- 

<%I",), price $1.25. 

CM3) ), price $1.25. 

Glz t4 ) ) .  price $2.25. 
1 

h~ W-Book 5, Status Report on Boiling Water  Reactor Technology as of 1959, 

%! I1I--L(Ool; G, Status Epport on Sodium Graphite Reactors as of 1959, (TID-8518 
-nWLX6(5)), price $0.60. 

I .  price bi.on -_. 
f-rn fII-~ooh- 7 ,  Status Report on Orpanic-Cooled P o a e r  Reactors as of 1959, (TI= 

S ~ ~ I Y ) ) ,  price $2.". 
l l l - -hOk 8, Status Rpport on  Gas-Cooled Reactor Concept, (TID-8518(8) ), price fz: 

e>;, 
An *' PublfcationS are  arailabie from the  Superintendent of Documents, U.S. Govern- 

L e  ''-plans For Development As of February 1960, (TID-SS19)b price $0.25. 

* 
Oace, Washington 25, D.C. 

I. 4 3 7 2 - 6 1 - ~  
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second: To msist frieiidly nations ~ O I T  having high enerq  
0, %:. achieve competitive levels in about 5 years. This assistance is ti, 

extended mainly through clearly defined programs of C0operatjOIL 

Third; To support a continuing long range program to futile, 
dum the cost of nuclear power in order to iiicl.ease the ecctnorri 
benefits and extend these benefits to wider areas. 

Fourth; To maintain the U.S. position of leadership in the 
t _  nology of nuclear power for ciriliaii use. 

Fifth ; To develop breeder type reactors to make full we of the ~~ 

clear energy latent in  both uranium and thorium, recognizing c: 
uranium 235 alone may not be sufficiently plentiful to meet our nw 
over the long range. 

When these objectives first were stated by the Commission, its a y i  

able information on Western European conditions indicated that 
nomically competitive nuclear power could be attained in Europe t 
1963, as indicated in the Commission's second objective. I n  the 
2 years, however, the costs of conventional fuels have dropped as & 
became increasingly available, and this has lowered the costs of rn 
ventional pover so that they approach those in certain sections of & 
United States. A4s a consequence, the time when nuclear p o w :  
expected to become economically competitive in Europe is m& 
closer than formerly to the time when similar results may be espz 
in the United States. 

For the United States, the short-range objective is to make it 
sible between now and 1968 for utility owners to choose to b u i l d k  
nuclear plants rather t.lmn conJ-entional plants on the basis of 
nomics alone in nrens m-liere fossil file1 costs are 35 cents per miIi: * 

BTUs or higher. 

See pp. 4-6, Annual Report to  Congress for 1959. 

5 0 1 1 5 b  1 0  
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er-range obj ectire is to achieve such technolo,oical econo- 
to ensble ever-increasing numbers of utility oxvners to make 

hoices ill viidening ranges of locations and plant sizes. ,4 fixed 
- ‘1 dat,e for this objectire lias not been established, but it is es- 

t ?  tllat dusng the 1970% substantial progress Fill ha.-i-e been made 
.I. .:d 

-r,ldie, ,znd evaluatioll have indicated that at least t.m-0 of the types 
L systems under development offer a high possibility of pro- 
: guc onomicdly competitive nuclear power in high fuel cost areas ‘;c ec 
“;,hrTn;ted States by 1968, provided that the Conimission’s program 

f tbese systems, light water moderated and cooled reac- 
includes pressurized water and boiling water reactor types. 

, fueled with sli&tly enriched uranium in the form of 
oxide clad in stsinless steel or zirconium, and producing sat- 

rroal. “b1islle4l :, nsll this b 

l open t  and prototype construction is carried out. 

%I costs I f ,  

rice is to 1, 
’Perat i 0 1 ~ -  

fUd11Pr & 

e eccJIlu,,ir 

Ln tllr. ttw]. 

for generating turbines, have the greatest backpound 
technology in the United States, and seem at this time 

attaining economic nuclear power. Commission stud- 
, with further development, water reactor technology 
to attain tlie short-range objectire for high fuel cost 
long range, such developments as nuclear superheat, 
plification, improved fuel performance, and lower fuel 

4 3  i r e  - promise of further reducing tlie cost of power from water- - 
ne sAcond reactor system of short-range &nomic promise is tlie or- 

g;.̂ .ir mderated and cooled reactor. Organic coolants offer the advan- 
...- operating pressures and fewer corrosion problems, and 
r t p c f ~ 1 o l o ~  already developed for water-cooled reactors is widely 
stTiiahle to tllese reactors. These advantages are somewhat offset by 

fxt that the organic materials now used are slowly polymerized 
: niiation and must be replaced, and by the fact that the heat trans- 
+ pmprties of the system are not as good as those of water cooled 

TS. These problems are not considered major obstacles. I f  
E,L development efforts meet with the success anticipated, there is 

2.4 nwon to belieye that this system also will be capable of meeting - -i:wt-rmge objective for high fuel cost arecas. 
1: order to increase the probability that the longer term objective 
:w~ip ra l l~  competitive nuclear power will be achieved, and that the 

ci.f-*Imiic;tl qstems n-ill be dereloped, other reactor systems are 
, 2  investigated. I n  general, lower construction, operating, and 
r.i@nance costs are sought in these sFstems through higher tem- 

pes te r  neutron economy? and low-cost fuel cycles. 

-# 

;* 
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It is doubtful whether any one reactor system \vi11 ljro\-ide 
advantages, or whether a11-j7 one reactor sFsteiii will nleet 

tl,, - “ti(,, 
and plant size. The Coimiission theref ore is investigating sod iuh~~  
cooled t,hermal and ftwt re:ict ors, gt~*-c.ooletl re:lct~)rs, fluid fur, 
actors, and heavy water reactors. The  Cnited States also has 
into a cooperative progmin with Canada m-hich is espectecl t O Qakp 
substantial contributions to the tec l i i io lo~  of heayv mater reactrJr: 
cooled with gas or sodium. Present kno~ledge  indicates that llicA, 
temperature systems cooled with gL?s or sodium, ancl particuapii 
those systems whicli show a high uranium-plutoniui~l collversion Elli;s 

hare great potential for meeting tlie long-range objectives. l&fev,,f 
the state of knowledge of these systems is somewhat lililited and ti,e; 
are many technical difficulties that must be solved a t  great expenxie 
time and moiiey before their potential can be realized. 

concepts-the so-called advanced reactor concept s-or modificatiou tlj 
concepts. I f ,  after engineering studies, research and development, and 
evaluation, one or more of these seems promising, a reactor experimecr 
d l  be built as required to provide the information needed to detPrl 
mine the extent to which the concept can help meet program objectirE 

As large central station nuclear applications were tlie primarr 
subject phase of the long-range study of the Civilinn Power Pro,nr& 
studies were initiated in June 1960 to place special emphasis on smac 
power reactors as well as process heat reactors and reactors usiw 
radiation to produce conimercinl chemicals. 

The 1959 studies covered the economic and technical status of rp- 
actors of more than 75,000 electrical kilorratt capacity. During tb 
past 6 months the Commission staff has been evaluating the economk 
and required research and development effort needed for nuclear plank 
below 75,000 ekw capacity in order to devise meaningful and produt- 
tive development programs for coiicepts which have a potential in tik. 
sniall power field. I n  summary, the studies confirm prei-ious rim. 
tllat nnclear power does not offer as great probabilit>T of coiiipetitiz 
with coni-eritioiial plants in the range of 10,000 to 50,000 B i l o ~ ~ i i t ~ *  

as it) does in tlie larger sizes. This is largely because man!. felrlun- 

like shielcling, containment, safety precautions, aiicl waste cont~:.  
are almost as  eq’eiisiw for  :I siiiall plant :IS for u large p1:Ult. ~ ‘ A : ~ d f *  
results of tlie studies will be published in 10G1. 

all tl‘F% 

conditions required b)- the long-range objectii-e for erer7 1 

b&* 

The Commission also has under in\-estigntion sweral new 

F h i p p i n g p o r t  Refue1in.g 
itmiic Power Station 
Photo shows the first o 
rcirctor canal for inse 
water b~ remote contrc 
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1 3 pRO G ~ S S  IN POWER REACTOR TECHNOLOGY 

r: - p * ~ q m r t  RcfiteZi?tg. After more than 2 years of operation, the Shippingport 
E e>- I’wer Station reactor mas refueled with a new type of unit during 1960. 
P ’ .how:: the first of 32 “seed and blanket core” units being lowered into the - : : m a l  for insertion into the reactor. Refueling is accomplished under 

- !I! remote control to  reduce radiation hazards. 

Pressurized Water Reactors 

- - ~ . . ~ p t  (Pa.) Atomic Power Station 
T- ., . 
i ..v r 1 j i  11,7’ort Station is the first major nuclear power electrical 

;“’f.3till~ Plant in the United States. The t;O,OOO kilowatt electrical -i: I I)r~~-..-~izeci water reactor at Shippingport achieved criticality 
t * P l  5 u ~ p l ~ - i n g  electricity in December 1957 to the system of the E -  e 

O O b b  I 3  
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Duquesne Light Co., operator of the reactor for the Comnlissiorl 

* 1  the 3 years since s t a r t q ,  many tests hare been conducteci. to 
&s ip  and performance of the nuclear reactor, its fuel elenlents, a4, 
the reactor plant. as a whole. The infonixition from these tats 
provided niuch of the technology, operation and cost data today 
able on large water-cooled reactois for commercial generation 
trical power. 

of El& 

During the past year the principal contributions resultillg 
operation and testing of the Shippingport Station include : aciIierhg rot: 
burnups in the uranium oxide ( U02 ) fuel elements higher than in abr 
other reactor; further confirniation of the advantages of the ii = 

2% and blanket” core concept v-hich minimizes the investment in uran* 
’k 235 and maximizes the power obtained from natural uranium ; putli- 

cation and distribution of test results and evaluations covering tB 
nuclear and thermal performance of the plant and the first refuel& 
of the reactor ; successful operation of the Shippingport reachr 
part of a large public utility system. 

The first seed (32 enriched fuel assemblies) of the Shippi- 
(PWR) core was replaced after 5,808 equivalent full power houF 
operation which produced 388,500,000 kilowatt hours (gross) of elea 
trical energy. 
reactor, containing the new seed, went critical April 12. Fun PoRa 
operation was achieved May 7. Since May the plant has been operae 
most of the time at  full power in order to develop information& 
the lifetime capabilities of the uranium dioxide blanket, phr& 
tests and student training also were conducted during this p;iO 
As of December 31, PplTR Core 1 has generated a total of 655,000& 
kilowatt hours (gross) of electrical energy. The cumulative la 
factor for the second seed has been twice as great as the first seed, 
average burnup in the natural uranium dioxide blanket is 3,200 m 
watt days per ton, while the peak burnup is about 14,000 m e p a t  
days per ton. This burnup represents the highest natural unnie 
dioxide fuel depletion achieved so far  in any reactor. 

Present plans are to replace the second seed of this first Shippk 
part core with a third seed about the middle of 1961, procided d 
blanket fuel elements still are performing satisfactorily. The b l d  
fuel elements were designed for a lifetime objective of 8,000 equhfer 
full power hours. This objective was actually achieved on Septc 
ber 9, 1960. When the second seeding is depleted, the blanM fk 
elements will have operated for approximately 12,500 equivalent fr 
power hours. Exmiination of some blanket fuel elements dwinr !’ 
second seed refueling should give an indication of the conditioLi- 
this fuel and its ability to perform satisfactorily through 8 third * 
life. 

r, 

This refueling was completed in Rfarch 1960 and 

W e e  PIa n t Contpl e t c 
8 be completed was 
Birh is expected to be 

&e 110,oOO ekm p 
?*t under the Comm 
Q*S the spherical co 
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’mission. f l ,  Jk;l, .ml 
d to e-\-aluat,, 
~ l e ~ ~ e n t s ,  an( 
le= tests Bas 

aTai1. 
’ation of elfy.* 

lsulting fpoll, 
de : acllie\-irlg 
” than ah; 

Of the ‘6- 

nt  in U J X ~ ~  i u rrl 
anium ; pub] j - 
; tft, 
first refueling 
ort reacta, 

ShippingpQfl 
Power houw 

STOSS) of el@- 
1 1960 and 

5 been opentd 
nformstion 

ig this perid 
1 of 655,00@,~~ 
umulatire I& 
first seed. ‘I%g 

t is 3,200 m e p  
i,OOO mepK& 
atural umnim 

plaiuiiiig for a second Shippingport core of adt-anced 
is underway with conipletion of the core scheduled for  early 

ipTliis Ilew core, PITR Core 2, will have a. power capabilit,y of 
and will hare n design lifetime of 20,000 equi-raleiit full- 

Tliis results in a design energy output. 5% times that of 
The PITR Core 2 will utilize oxide fulidplntes in both 

et and will use fewer hafnium control rods than PII7R 
dissipate the higher Dower which will be generated by 

became necessary either to expand the present elec- 
fcwilities from 100,OOO to 150,000 kilowatts or to 
ilowatt heat sink installation. Both these possibili- 

sere investigted by the Commission and by the Duquesne Light 
, concluded that a heat sink installation is economically more us of the heat sink meets all requirements for proving 

Work on this 
progress and will be completed prior to installation 

higller porer capabilities of PWR Core 2. 

3. Full powe 

nket. Phrsie 

5 0, 

P h R f  r m p l e t e d .  First joint Commission-industry nuclear power plant 
% * mWfeted vas the Yankee Atomic Electric Co. plant at Rowe, l\lasS., 
*ce I 

*‘ Brmm to begin full-power operation during January 1961. Gontracts !I. ** * I l r J W  @kW Pressurized water facility were signed June 6, 1956-the e -  % 
~~mmission’s Power fieactor Demonstration Program. Photo 

** k k  ’pberica1 containment vessel that  houses the reactor. 

b b l S  
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- 
Ticklish Jo6. The reacto'r containment shell of the Yankee plant is a Epbe 
located well above ground. Photo shows the reactor pressure vessel being ~~~ 

into the sphere through an ol>ening that allowed only inches of clearance, 
photograph was taken February 7, 1960, and 6 months later on August 19, ~ 

reactor achiered iaitial criticality. 

Yankee Atomic Electric Co. Reactor 

Construction of the 110,000 ekw Yankee Reactor at  Rowe, 
was completed on schedule in July and initial criticality was acbpw 
August 19. Yankee then began lo\y-polT-er testing of this pressus  
mater reactor which was built under a Commission-Yanlree contract L. 

part of the Commission's Power Demonstration Reactor Proe- 
The Yankee plant  as the first project accepted under the pro-w 

Preliminary low power tests were followed by operation at incw 
ing power lerels up to 90,000 ekw by the end of the vear. It ism 
pected that design power level of the first core (II0,OOO ekw) dl 
achieved in January. The plant is rated at  136,000 ekw and furthe 
increases in power up to this level will be based on operating infw 
mation accumulated a t  110,000 ekw. 

Important cost infornmtion in addition to operating and m&- 
name experience are expected from this full-size power reactor. lk 

initiated in January 1955, and was the first completed. 
L 

use of difficu 
p i n t  of nucleD 

Department 
to use a nucleo 

~~ ;nto drinking 
F~~ this project, 

,perst@ a 40,000 ther 
@ 1,Wt reactor cap: 
-#E@ r conversion un 

d mact0r site wa 
co j s s ion ' s  Ad& 
*mended again: 

northwest of 
d e t y  criteria, Tyas 
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design features which differ from other pressurized water re- 
h1 operation include the use of a stainless steel clad, 

- poTf 
riclied uranium dioxide c.ore. 

r T t 1  1 tlr 1 en 

of difficulty in selecting a site that I n s  both safe from the 
int of nuclear operations and also suitable for the requirements 

epart,ment of the Interior, the joint Commission-Interior 
se a nuclear plant rn a Source of heat for conversion of salt 

* to drinking water were not carried out during 1960. 
For this project, the Commission was to design, construct, and 

e a 40,000 thermal kilowatt experimental low-temperature proc- 
reactor capable of producing saturated steam for the saline 

unit of the Department of the Interior. The pro- 
ctor site was a t  Point Lorna, San Diego, Calif. However, the 

ision's Advisory Committee on Iteactor Safeguards (ACRS) 
against this site. An alternate site a t  Point &tup, 50 

of LOS Angeles, xhich would probably have met 
ria, xas found by the Department of Interior llot to fit 

F U x d h r  investigations are to be made wit11 De- 

p E ~ ~ e  

- -  m~irementS. 
-..nleIlt of Interior 2nd with industry regarding tliis project. 

1:. 1959, the Commission invited proposals from cooperative 
~ ~ ~ b l i c ] ~ ~  owned utilities for participation in a project under its 

pgU Demonstration Reactor Program for a 16,500 ekw prototype 
rBxrized water reactor, with a conventional superheater to increase 
2 rmer to 22,000 ekw. 
f:4 proposals were received and the Commission announced on 

'1 16. that none was acceptable. Proposals submitted by the City 
-'kmestom, N.Y., and by the Dairyland Power Cooperative of La 

\Tis., are receiving further consideration. Alternate site sug- 
quested in each case for safety reasons. The alternate 

i'ywd by Jamestown and Dairyland were acceptable from the 
t of safety but the proposed financial cont-ributions for the 

4 become less favorable and n-ere not fully acceptable to the 
egotiations were continued and at the end of tho 

olllmission was considering various courses of action regard- 

. . .  
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CoinpEetion in 1961. The ‘255,000 ekw Consolidated Edison Co. nuclear pow 
plant is scheduled for completion in late 1961. The privately financed 
will use a pressurized water, thorium-fueled reactor to produce 151,000 ekw e 
an oil-fired superheater t o  increase the output to 255,000 ekw. The reactor F: 
be housed in the dome-shaped building; the tall stack is a part of the anre 
heater unit. The plant is located on the Hudson River at Indian Point, X.T. 

Consolidated Edison Thorium Reactor 

The 255,000 eka  privately financed plant of the Consolidated E& 
CO. continued under construction at Indian Point, N.Y., during 1% 
The nuclear reactor will have a ca.pacity of 151,000 ekw and aiU hap 
an oil-fired superheater to increase capacity by 104,000 ekw. Crk 
cality is scheduled for September 1961 with design power operation k 
the end of 1961. The Indian Point plant will provide impom 
operating data for large vater-cooled reactor systems and t e c G @  
data on the use of a fuel mixture of thorium and uranium 235. 
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ctruction began in February on the Saxton Kuclear Experi- 
Cdn.. carp. 3,250 ekw privately financed developmental power 

#,&It31 
. at the Saxton, Pa., site, about 20 miles south of Altmna. 

Electric Corp. is designing and building the reactor. ,&wr 
~,.. the end of the year, construction about 35 percent complete. 

eration is scheduled for the first half of 1962. It is ex- Glger OP 
* eit that this Small experimental pressurized mater reactor will be 
?' of being used for testing purposes under limited boiling 

d e r  

$ t 4 n b  * nhOU* 

- %  

-;l.2b'e 
mnditions. 

Qubern California Edison CO. of LOS Angeles announced in April 
it had sent a letter of intent to negotiate contracts for design and 

of a 360,000 e k ~  plant to Westinghouse Electric Corp. 
Corp. The proposed closed-cycle pressurized mater 
and electrical equipment, would be designed and built 

Ksthghouse. Bechtel would be the engineering constructor. 
*campletion of contract negotiations and start of construction will 

on several factors, such as granting of a permit by the Com- 
approval by the California Public Utilities Commission, and 
of a specific acceptable site. Negotiations for a site on the 

_*ern California coast now are under way. 
'&! plant is estimated to cost about $78 million and would require 

i-sJt 4 Fears to construct. 

Boiling Water Reactors 

?%e EBRTR at Argonne National Laboratory was shut down in 
J++ 1959 for modifications to increase the thermal capacity of the 
Fmtt designed originally to operate at 20 megawatts, to 100 mega- 
€= After delayed delivery of equipment put back the schedule? 
GQCI plant operation was resumed temporarily in the spring of 
%A:' aid1 the original core while outside construction continued. 
'"qzPfetion of the 100-megawatt modification was delayed at the end 
'! the Sear when leaks were found in two primary reboilers used for 
@e dditional heat removal. Full power operation should begin 
*:? in 1961. 

P 

b b i 9  
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Operation at  the higher power level will permit tests t 
O e w o r e  t L  

exchangers. 0 Il,, 

stability limits of sinall, natural circulation, boilillg reactors 
cores of greater power densities than hare been used preyiou\l % 

not be incre2sed. The excess energy will be dissipateci t~lrotlmll 
The original power generating turbine capacity--5,0@0 ,- J. 

E& River Beactor. The Hural Cooperative Power Association's 22,ooO 
power plant a t  Elk River, Minn., will be the first commercial power station lo 
go into operation utilizing a combination of nuclear and conventional heti; 
sources, and also the first constructed jointly by the Commission and a publid! 
owned power group t o  be completed. The photo shows the boiling water rn 
actor pressure r-esse1 as i t  arrived at Elk River during February. The ream 
control rods will enter the vessel from the bottom through the pipes shoffn i~ 
right of photo. 

Elk Eiver Reactor 

Construction of the 22,000 ekw boiling water reactor of the Chm- 
mission in cooperation with the Rural Cooperative Power Assock 
tion was nearing completion at Elk River, Em., in Decembermd 
criticality is expected to be achieved during tile Spring of 1961- 
Criticality was delayed because of c rack  detected in four 16-hd 
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vessel nozzleS. il’ecessary repairs required approximatelj- 6 
Tl1ere were also difficulties experienced in core fabrimtion 

&k’. ,,used additional delays. 
,,-ctor d l  provide prformance and cost data on a sinal1 plant ,hich 

This 
~ an indirect, natural circulation, boiling r a t e r  reactor coupled 

g:nr $rate coal-fired superheater. Experience gained f roin it also 
3 sep in e d X h l g  Certain variations in boiling vi-ater reactor de- 

sa sllich may have application to larger plants; for example, use of 
@ 

ni., was built under the conditions of a second invitatioil 
Lby the Commission under its Power Demonstration Reactor 3@d 

7 in September 1955 for proposals from publicly owned wm @&tie. Under the terms of this “second round” invitation, the 
ision constructs md  ows the reactor, and the publicly owned ‘@ T t f  SUPP l i s  site and conventional turbogenerator equipment, op- 

$1” 
the ractor, and purchases the steam. e€* 

rium oxide and uranium oxide fuels. tho 

ne Commission extended an invitation in January for proposals 
wctonjtruct and operate a reactor with a minimuni capacity of 50,000 

~~ snd an improved steam cycle. The two-part invitation, issued 
a -second round” conditions of the PoTrer Demonstration Re- 
Mm program, requested (a )  proposals from publicly owned utili- 
+ - & proride the site and the conventional portion of the plant, to 
d e  the entire plant, and to purchase all steam produced; and 
rij bdujtrial proposals related to the design, development and 
wmct ion  of the reactor. 
of txo proposals received from utilities before May 2 to operate 

+plant, the Commission selected the joint proposal of the cities of 
b Angeles and Pasadena, Calif., which specified a site about 40 miles 
d m t  of downtown Los Angel-. 

F m  proposals were received from manufacturers to  supply the re- 
a r .  A General Electric Co. proposal first was selected in June as 
5 hiis for contract negotiations to supply the reactor for this proj- 
=but later an error was discovered in the information upon which 
* i ~  comission based its decision. After thoroughly re-evaluating 
d: factors inmlved in the consideration of making a selection from 
%F fw proposals received for furnishing the reactor plant and after 
*inF and verifying all bid data, the Commission announced No- 
*ber 1: that it had selected the Allis-Chalmers Manufacturing Co. - 

’&e ’* ’‘* ?;*neteenth Semiannual Report to Congress (July-December 1955). 

b b 2 1  
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proposal as the basis for negotiation of a contract. to ftlrilish th 

tiation of the contract and satisfactory negotiation of a ~ m p e l a ~  
arrangement with the cities of LOS Angeles and PaadeiIa. 

Under the proposed arrangements, the municipdlj o\med utiIiti 
would provide a plant site in Haskell Canyon, Los -4llgeles coht 

Of ti and the turbogenerator f scilities, would operate the f acilit,y f 
Commission for not less than 5 years and purchase the steam pr 
by the reactor. 

The Allis-Chalmers Manuf acturing CO. w d d  design, fabricat 
construct and test operate the reactor, furnish the first core and 
fuel elements, and provide training for operatino personnel, ': 
plant, planned for completion in early 1964, is intended a a protf 
type for a 300,000 kilowatt reactor incorporating features aimed 
reducing power costs. 

tlctor. Initiation of tJie liroject is contingent upon satisfactory ~~ e 1  

OdUQ 

i 

Big Rock Point PEmbt. Artist's conception of the 50,OOO ekw bailing waterp 
actor power station being constructed at Big Rock Point i n  northern Michip: 
by the Consumers Power Co. Completion is scheduled for 1962. The r e a s  
is expected to lead to derelopment of fuel assemblies with greater power'* 
sities per liter of core volume. The Commission is furnishing research 
development support for the project. 
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Commission reached an agreement in April with Consumers 
lftlC c0. of 31ichigan on its joint proposal to construct a 50,000 

€'QgP!,h poser density boiling water reactor, and with General Elec- 
to perfom associated research, under the terms of the third 

tfi' tion issued by the Commission for its Power Demonstration 
struction began in June at  the Consumers site 

the agreement, Consunzers Power co. is responsible for the 
and operation of a reactor scheduled to achieve 

initial criticality, Consumers will make the plant available to  
&I m a r c h  and development aimed at  achieving higher power 

it volume of fuel. &F 
p"": Commission will support research and development by General 

before and after construction up to a maximum cost of about n 
v 
a m d i o n  t 

subject to escalation not to exceed 10 percent. The Corn- 
on also will waive total fuel use charges of about $1.7 million 

first 5 years of operation. Plant capital costs, including site 

It is anticipated that this reactor's first core will have a power den- 
about 45 kilowatts per liter of core volume. Tests in the re- 

& of improved fuel assemblies to  be developed are expected to pro- 
&data to permit operation of complete reactor cores with a power 
G t v  of about 60 kilowatts per liter. 

t,%a hlr? 

0. 

.R1! wc ..sl ~ t i ~ l i t ~  in the latter part of 1962. For a period of 54 months 

A site preparation, are estimated at  more than $27 million. 

&i%~iios Boiling Water Reactor 

Tallecitos reactor, a privately owned 5,000 ekw reactor experi- 
of General Electric Co. (with Pacific Gas and Electric Co. snp- 

~ y q  the generating equipment) was returned to operation in Sep- 
1960, after being shut down about 1 year for modifications. 

cations included installation of new circulating water pumps 
d piping and a new core structure to permit different fuel arrange- 

Although the recactor had operated since July 1957, General 
c reported that radioactivity was not a serious problem during 
ul. 

Th 'Wecitos reactor was initially constructed and operated to 
b l o P  the fuel and reactor design for the Dresden Nuclear Power 

It now is used for obtaining data related to advanced re- 
m m ~ ~ O l o g y  such as high power density cores. - 

*Oe. p- 85v TwentY-second Semiannual Report to Congress (January-June 1957). 

b b 2 3  
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Dresden Dedicated. The nation’s first full-scale, privately financed atomic pope 
facility, the Dresden Nuclear Power Station, was dedicated on October l2,1g&,j 
Owned by the Commonwealth Edison Co., and built by the General Electric 
the plant uses a boiling water reactor to produce 180,000 elin-, enough electridb 
to serve a city of 200,000 persons. Photo shows the plant site on dedication dy 
when 2,500 persons visited the facility about 50 miles southwest. of Chicago. 

Dresden fluclear Power Station 

Commonwealth Edison Go. Dresden Station near Chicago was the 
first large privately financed nuclear power plant to go into opera. 
tion in this country. The 180,000 ekw plant achieved initial critical- 
ity October 15,1959, and went into full design power operation June 
29,1960. The plant generates 180,000 kilowatts of electricity, enough 
to service a city of 200,000 population. 

The drire toward design power began after correction of control rod 
difficulties and coinpletion of lowpower experiments. The plant 
produced its first electricity on April 16, 1960. It then was operated 
at  gradually increased power levels until full power was attained 
a f t e r  the demonstration production of full poKer, the reactor under 
went a series of power tests with satisfactory results. The plant mi: 
then operated a t  1 0 ~ -  povrer levels and with frequent shutdomns f o  

Dedication Cerenaolw. 
iner, Chairman of the 
Chairman of Commol 
that started Dresden’s 
Energy Commission C 
install the new eontrc 
dedication. 

57 6872-6 1 4  
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:axzfioti Ceremony. As a highlight of the Dresden dedication, Ralph J. Cord- 
=-- Ctiairman of the Board of General Electric (left), presented Willis Gale, 
I nilan of Commonwealth Edison (right) with the original control switch 
z' a r t e d  Dresden's first chain reaction on October 15,1959. In photo, Atomic 
E-7 Commission Chairman John A. McCone (center) watches Mr. Cordiner 
---a4 the new control switch. Nr.  RlcCone was the principal speaker at the 
@-.M.ioe 
= & - i l  
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Reactor Head.  Photo shows the 50-ton head of the Dresden reactor pressure g 
sel being emplaced. The reactor has a slightly enriched uranium core. Valued I 

about $15 million and weighing less than 65 tons, this initial loading of fuelt 
expected to last 3?& years and to produce as much electricity as mould 2,ooO& 
tons of coal. The interior of the 300-ton reactor vessel is 41 feet high and t 
feet, 2 inches in diameter. The cylindrical walls are 5-inch carbon steel plmr 
?&-inch layer of stainless steel. 
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The plmned April start of construction of the Pacific Gas and 
miric &. 48,500 ekw boiling water plant at Humboldt Bay, Calif. 
&pdpOned several months to allow time for tests of a pressure sup- 
,*ion containment systeln. The tests were completed, the reactor 
& _ f  the safety requirements of the Advisory Committee on Reactor 
+fPsSrdS and site work began at  Eureka, Calif. in November. 
nlis reactor Till exploit natural circulation of the coolant and will 

- &e first to use pressure suppression containment. In this plant, 
released by cz reactor incident mould be expelled through a pool 

ef mter rhich wmld reduce the vapor pressure by condensation. 
Deign power operation of this privately owned plant is scheduled 

izthe latter part of 1962. 

- 4  

- L  

Nuclear Superheat Reactors 

It is expected that the production of superheated steam in reactors 
hare some economic advantage in comparison with water-cooled 

 tors rhich now produce saturated steam. Three boiling water 
-1jm are now under construction which have as their primary ob- 
-=cm the development of nuclear superheat reactor technology. 

'-0Etruction of this react,or, the fifth in a. series of boiling reactor 
'Wfiments carried out by Argonlie National Laboratory, is nearing 

' 1  
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completion at  the Kational Reactor Testing Station. 
primarily to deniOliStrate the Safety aspects and feasibilit\- 

ducing saturated steam which is subsequent1:- S"per1leat 
the same core. 

It is deY;2f 

integral boiling-superhest,ill,rr react or-that is, a reactor col.F . 'If 

1%: 
Rir; 

BORA4S-5 will be operated initially in earl- 1961 JTith 1-1 ]. ;, 
111 f , %, number of test channels proclueing superheated steam, anC1 

year should attain design pon-er of 40 megamtts (thermal) 
full boiling-superheatilig core. 

Flexibility designed into the system i d 1  permit inrestip:lt;c,rb> 
nuclear stability problem associated with various fuel all,j ccx,i..' 
arrangements. i 

Pathfinder Atmic  Power Plant 

Construction of the Pathfbider plant, a third-round ~ o ~ ~ ~ ~ ~ ~ ,  
project of the Commission and the Eorthern States Power cov, ~ 

under way at  Sioux Falls, S. Dak., early in 1960 and by DeceQibreq 
was approximately 42 percent complete. Reactor criticalitJ7 is %h; 
uled for June 1968. This 62,000 ekw reactor will proride test ~~ 

operating data on an integral boiling-snperheatillgr core with a s q e  
heater centrally located within the reactor core. 

.€oiling Nudear Supeyheat (BOArUS) Reactor 

Favorable results having been obtained from a preliminary de,;, 
and feasibility study, the Conmission signed a contract with 
Puerto Rico Water Resources ,4uthority in January for a 16,300 & 
boiling water reactor with nuclear superheat to be constructed 
second round cooperatire project in northvest Puerto Rim. Genm 
Nuclear Engineering and Jackson and Moreland Inc., were selectp 
to design the plant and RIaxon Construction Co. was named const& 
tion contractor. 

The proposed plant site at Punta Higuera mas found satisfactor 
from a safety standpoint and construction was formsllx be,w e 
i'iugust 23. Construction is scheduled to be completed in Decemk 
1969. This integral boiling superheat reactor will demonstrate f; 
small reactors the practicality of nuclear superheat utilizing a SUP: 
heater region located periplierally to the boiling core region. 

01 
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Tided by ORERE and t 
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nd satisfacton- 
id ly  begun 0:. 

:d in Decenlhr 
emonstrat e f c r  
ilizing a sulwr- 
region. 

5 0 0  

f O ~ f g ~  has been in operation for 3 years. During that period 
ctor has ope.rated on two core loadings accumulating over 1,SOO 

,Tstt3 days. The primary objective of demonstrating the feasi- 
of a11 organic cooled and moderated reactor has been accom- 
, T]le reactor was Shut dom1 in &-mh 1960 for evaluation of 

gcoIld core fuel elements and for modification of the primary 
). sSstem. The third core was loaded during September and 

LOIT power tests are :?a 
. 1 

]ity \ms achieved September 20, IBGO. 

tion of the second core fuel elements verified the suspected 
fouling of certain fuel elements. ,4nalysis of the material 

*ted on the fuel surfaces indicated the fouling material contained 
_“‘!U*l 
, pceiitage of iron oxide and iron carbide as well as radiation 
SB? ,,n,posed organics. It is SLiSpeCted that the f o u h g  is the result 
-i p&cIes present in the organic coolant as a contaminant. 
2 =.A mPcllnnism of fouling is beliered to result from electrostatic 
+T+itntion of the particles and polymerization of the organic 
f:,,c!l . L qlrrotlllds the particles) caused by intense radiation fields at 
+ gurfam of the fuel plate. The special test elements in the second 
I.T loading, similar to those to be used in the City of Piqua power 

OXRE primary loop has been modified to provide tests of de- 
$ %$ for removal of inorganic particulate matter. The third core will 
’p i,ierated under controlled conditions to remove the iron particulate 

the coolant system. The reactor will be further modified late 
c to provide more adequate fuel handling, fuel storage, and 
-3f-s equipment facilities. This modification is intended to extend 
--.usefulness of the OMRE for at  least the next 5 years. The OMRE 

mtinue to be used as a fuel-testing facility, for bulk organic 
-3diation: for organic decomposition rates, and for heat transfer and 

‘in? tests.. The OMRE schedule will include one year’s opera- 
011 low enriched metallic fuel similar to the Piqua reactor and 

4 r  

1 .e 

[or. slio-red only very small deposits. 

~ t. 

.Wr 011 uranium oxide fuel.. 

‘r;.erimental Organic Cooled Reactor (EO CR) 

EOCR is being designed to  supplement operating data pro- 
-kl by OMRE and to develop improvements for future organic re- 
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Onal %ar.* 
actors. Tlle experimental reactor, t.0 be built a t  the Kat; 

tricity. I t  will have five in-pile loops for testing new coolant al,d f.i 

1% 

Testing Station, d l  ha1-e a 40 Mm-t capaciq but will proCluQ 1,(, cis. -4% 

elements. It will also provide a facilitr for inyestigating tile 
limits in operating coiiciitions for organic cooled reactors, alld the 9 i . r  
sible use of other moderators such as graphite o r  Ileavy 

b 

organic cooled systems. 
Conceptual design m-as prepared by Phillips Petroleum c 

Corp. was selected for architect-engineering design, with At 
ternational, a division of North American Aviation, Inc. 

Q j f ~  

O Q k q  

’ sutx, 

Site construction begin at, the National Reactor Testing StatioPx- 
,4pril and the reactor is scheduled for coinpletion by the end of &:~ 
Construction was estimated to be 20 percent complete by Dwernh,.. 
1960. 

tractor on nuclear design, C. F. Braun and CO. was Selected E 

struction contractor. Phillips Petroleum -ms chosen as Operator as crp 

Piqua Reactor. The 11,400 eliw organic cooled and mocleratwl power rex: 
being built by the Commission for the City of Piqua, Ohio, is scheduled form 
pletion by late 1961. Photo s h o w  the $@foot high containment vessel as 
project appeared in mid-lSGO, a year after construction started. The rear 
will be the first of its type integrated into a utility system. 

€ 
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ll,+oo e h  reactor project at  Piqua: Ohio, is being built under 
cooperative arrangement between the Commission and ,,-and 

3 -  of piqua. It will hare primary importance as the first oper- 
:;e oanic reactor integrated into an electric utility station. It ;:jg Of, 

~~ n.iu demonstrate the degree of technical and economic feasibilitj 
%- Bsmall ore nanic reactor of this size at  the present stage of technology 
*A rol-ide valuable data 011 metallic fuel element lifetime and fuel 
gsd.  P 

. 

3 c  

3: pe rcent complete. 

canstruction started in July 1959, and plant completion is sched- 
L4t the end of 1960, the plant was about for Sqitember 1961. 

, OT*ganic Cooled Remtor Y 

In January the Commission invited proposals from utilities for the 
and operation under third round terms of the 

i € 5 p ,  
*Lar Demonstration Reactor Program of a prototype organic cooled 

nloderated reactor of 50,000 ekw capacity. The invitation stated 
at if no proposals were received the Cominission intended to proceed 
+>J @onstruetion of the reactor. 

:- 

fo were received from util i t ia by the Blay 2 deadline. 
&fore proceeding, the Commission re-evaluated current technology 

I..fgqaniC -1 reactors in general and more specifically (a) the status of 
march and development effort on aluminum powder metallurgy 

-@31) ; and ( 6 )  the fuel element fouling problem in the OMRE. 
The results of aluminum powder metallurgy research and develop- 

indicated that the material has satisf actory mechanical proper- 
aid that uranium oxide fuel elements clad with this material can 

fabricated. Studies of the fuel fouling problem have indicated 
~ f :  it wn be solved through reactor modifications. 

%e Commission's decision to undertake a reactor of this kind 117~s 
sed 011 the need for a reactor of intermediate size to serve f ~ s  proto- 
?P for 8 plant of 300,000 ehT capacity. A large reactor would be 
-ry to demonstrate achievement of economic nuclear power by 
3s. 

pmtotsype reactor will be used primarily to demonstrate ( a )  the 
Qpital and maintenance costs associated with a plant utilizing a 

'"-Pmsure coolant whose corrosive characteristics will allow use of 
~ a-%~gt materials of construction ; ( 6 )  the low coolant replacement 

5 0 0 b b 3 1  
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Fast Sodium Cooled Reactors 

Reactor systems v-hicli use liquid sodium RS a coolant c~ 
I n  O P r Z  over a wide range of neutron energies from fast to thermal, dependiq 

upon specific design characteristics of the core. 
terns, sodium-cooled reactors can be made capable of breeding, that'., 
producing more fuel than they consume. Sodium-cooled Naqk 

offer the ncIcIitiona1 feature of being capable of supplying stmn. 
meet modern central station steam requirements. The main reacr 
projects in the fast breeder category are Experimeiital Breeder 
actors Kos. 1 and 9 at the Kational Reactor Testing Station, a n d 5  
Enrico Fermi Atomic Pon-er Plant, a cooperative Comnlission., 
dustry project being constructed at Monroe, blich., by the Po%- 
Reactor Development Co. 

I n  fast neutron 

* E  

Experimental Breeder Reactor ATo. I (EBR-I ) 

The EBR-1, completed in 1951, continued to operate througi:;-- 
1960 on its Mark I11 core. Stability experiments vere perfom 
with various core configur a t' 1011s. 

The EBE-1 is sclieduled to be shut down early in 1961 to  k * ~  
inodificutioiis prelimiixq- to installation of a plutonium alloy n . ~  

Fabrication of tlie plutonium fuel elements for the fourth c m  = 
iinderway at tlie Fuels Fabrication Facility a t  Argonne. 

The reactor's Mark 111 core, installed in late IWi, was des@ 
specificallp to be as  rigid and tight as possible in order to der- 
mechanical movement as a source of the instability that was e d c  

5 0 0 b b 3 2 
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rrnt:Fr liEu~tor. Aerial view of the Cornmission's Experimental Breeder Re- 
ie& stt. 2 (EBR-2) which will produce 16,500 eliw when completed in the sum- 

1 ~ 1  at the National Reactor Testing Station in Idaho. T o  the right of the 
&flt Wntainrnent dome can be seen the foundations of the integrated fuel re- 
w i n g  building where partially-spent EBR-2 fuel elements will be refabri-  
s& infa new fuel. The 150 ekw EBR-1, forerunner of this reactor, was the 

Brst nuclear reactor to  produce useful electricity in December 1951. 

F -  

- $:e ppevious core (Mark 11). Operation of Mark I11 in this tight 
*figurntion demonstrated that careful design had eliminated the 
r-qt positil-e power coefficient of reactivity which caused a partial 

' d o n  of the Mark I1 core.9 In early 1960 spacer ribs were re- 
x? from some of the fuel and blanket rods in order to allow them 

iie free to move under thermal stresses. The results of transfer 
on measurements carried out on the partially free core demon- 
I conclusively that freeing some of the rods altered the prompt 
Coefficient and made it less negative. Reactor design in gen- 

aims at a negative coefficient in which excess temperature reduces 
%CkitJ-. 
-- 
'k~ pi). 45-47, Tweutieth Semiannual Report to Congress (January-June, 1956). 



- 44 ATOMIC EXERGI' I3- 1 9 6 0  

Construction of EBR-2, clesieiied c by Argoiiiie Satiorlul :bra 
tory, was nearly complete at the elid of Decenhr.  Design l,cr 
operation of 16,500 ekw is sclieduled for the suniiner of 1 9 ~ ; ~  * T  first core will use fuel l ieavjl~ eiiricliect in uranium %XI? 

t ;  

A primary objective of this reactor's operation will be to ciehlf,F 
strate the feasibility of recycling fuel. The EBR-2 complex ~~,~ 
tains an integral fuel processing and fabrication facility. The pan.i.- 
burned out, highly radioactive fuel will be reprocessed by pyronlp,2: 
Iurgicd methods, and the partially decontaminated fuel mill bp 

ried out by remote control in the shielded fuel c>gcle facility, 

second core ma? use plutonium. ( 1  

fabricated into new fuel elements. The entire procedure xi]] be c'a. I. 

Ennko Permi Atomic Power Plant 

Progress on this 94,000 ekw fast breeder reactor of the pone. 
Reactor Development Co. (PRDC) is behind schedule becaaq t: 

construction delays and redesign of fuel elements, The cornp]eti( 
(late now will be mid-1961 instead of September 1960. Exprimer:., 
performed with the original fuel subassemblies caused the fuel e;, 
ments to warp with effects on the uniformity of the sodium coolar 
flow. 

The court act ion involving issuance of the construction permit f,gr 
this reactor is reported on in Part  Two, Licensing, Regulation ar; 
Indemnification. 

The subassemblies were redesigned to prevent warping, 

Transient Beactor Test ( TBEA T )  

This s,zfet,y experiment facility a t  the Kational Reactor Testk 
Station is used to subject fuel elements to high-intensity, short-dun. 
tion surges of nuclear energy without damage to the facility itzii 
The high-int,ensity surges are useful in  simulating meltdown con&* 
tions t r l ~ k h  a fuel element niiglit be subjected to under abnomi 
operating conditions. 

The first, series of nieltdonm experiments in the TREAT facili:? 
were performed in the fall of 1959. Since that time a large numle.: 
of fuel element samples of t>he type to be used in tlie EBR-8 and tis 
Fermi fast  reactor hare been exposed to high level bursts of nucleA* 
radiation. Based on results of meltdown esperinients to date, it 1- 

concluded that incipient failure could occur as a result of p@vq: 
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t 

to maximuin temperatures of fuel cladding in the 
q j ~ o  to 1,120' C. Below this range there will be no failures 

.l*' of ' 

eratures of such sodium-cooled plants as EBR-2 and the 
Hallam reactors are limited by design to about 500° C, 

e temperature at  which failure can occur because of a 
. 

Thermal Sodium Cooled Reactors 

Reactor Experiment (SEE) 

-RE at Ssnta Sussna, Calif., operated by Atomics Interna- 
for the Commission, is a reactor experiment originally con- 
to prove the sodium graphite concept, and is now used to 

element development for sodium cooled reactors. Particu- 
,apll& will be placed on uranium carbide fuels for use in the 

Nuclear Power Facility in Nebraska. 
RE operabd for more than 2 years on the first fuel loading, 

Dmrided heat for generation with a 6,000 kilowatt turbogenerator 
by Southern California Edison Co. of more than 15 million a 

e-- 

t L  hours of electricity. The reactor was shut doKn in July 1959 
coolant channels caused overheating and resulted in 

e2 of fuel cladding and fuel elements. The fuel failure definitely 
from blockage of coolant Aow due to leakage into the primary 

dm srstem of the tetralin coolant from the primary pump seals. 
f &-din as an auxiliary coolant has been discontinued and the 

been modified to eliminate the possibility of accidents of 

cfr;&lit~ was attained on September 7, 1960, utilizing thorium- 
mi~m alloy fuel. A detailed investigation of the nuclear charac- 
mics of the new core loading was undertaken. At the close of 1960, 
'.g rhjectire of reactor operation was attainment of a lengthy period 
f~mhle-free operation to evaluate further the reliability of the 
=tar and its system. A secondary objective was irradiation of fuel 
-mats of advanced types. 

ng removal of the fuel elements, the original SRE fuel han- 
mchine was jammed by one of the damaged fuel elements. 
Prored machine, designed to handle moderator elements, pumps, 

elements was devised and utilized to complete rehabilitation 
"-.. k lc tor .  Inspection of the cladding of individual graphite 

- 2  
7 
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moderator units revealed that 16 units had developed 1 
defective moderator units were replacecl. 
cladding difliculties leiigtheiied the. rehabilitation period 
a year. 

The sliutdown delayed the advancement of soCliu~-,,,l 
nolom. However, useful infornintion was acquired as 
incident. It gave evidence to confirm prei-ious e\7aliiatiolls tt 
example, a reactor containment sphere is umecessary 
reactor. The innermost portions of the core xere s 
moved and replaced without overexposure of personnel 
and important lessons were learned about design of au 
systems, fuel and moderator handling casks, and reactor inst 
tion. 

The cask 

dmction of the Hallai 

Gre)itfuE Trip. 
Facility's 65-ton reactor vessel and i ts  larger containment tank, is sh@ 
edged into a landing 011 the Missouri River near Plattsburg, Kebr. 
hardware had been barged from Eddsstone, Pa., down to and m k s  
across the Gulf of Mexico, and up the Mississippi and Missouri Rive= 
40 miles from Hallam, the 33-foot long, 22-foot diameter tank slip@ rrBg 

and rolled 150 yards into a field. 

A barge carrxing the 75,000 ekw Hallam (Kebr.) SudW 

It sustained no serious damage. 



a careful reriew was made of tlie design of the 75,000 
led, graphite-moderated prototrpe reactor under con- 

Hal1a11l7 xebr., to  eraluate the possibilit? of an incident 
e fuel element failure at  SRE. -4s a result of this eraluation, 

nges were made in the Hallam reactor. This reactor 
ewer to the distribution system of the Consuniers Public 
ct of Nebraska, which will operate the Coinmission- 

facil i t ,~ and buy the steam it produces. The nuclear portion 
is being designed by Atomics International. Bechtel 

~. is performing architect-engineer services, mid Peter Kievit and 
co, vas aKarded the general construction contract. 

f the Hallam plant began in April 1959. ,4t the  end 
it? was approximately 55 percent bnilt ; coinpletion 
 earl^ in 1962. The initial fuel loading will be a 
num alloy. The Commission’s ~ o r k  on development 

carbide fuel continues to offer promise for their material 
acolld core loading. Its use should acconiplisli appreciable 

&ion in fuel costs because of its potential longer life in the reactor. 
,-,,jtruction progress was slowed somewhat because the Hallam 

vessel-successfully shipped by barge from the Baldwin- 
milton Corp. in Philadelphia via tlie Atlantic Ocean, Gulf 
, JIississippi and Missouri Rivers to a landing in Kebraslca- 

off a truck-trailer about 40 miles from the Hallarn site on 
nd rolled down an incline into a field. The vessel is 92 feet 

,weter ,  35 feet tall, and weighs 65 tons. Reloading the vessel 
ed$cult, but it mas delivered to Hallam on July 11. ,4 thorough 

tion revealed that the vessel sustained no serious damage and 
ed into place. 

- 
f 
i 

Components Development Program 

Ti hdiuin Components Development Program, formally initiated 
j i  has the objective of developing within industry the capability 

h b g  and manufacturing reliable and economical components 
dranced sodium-cooled nuclear power plants capable of operating 

nditions of 1,050” F. and 2,200 pounds per square inch. 
ts under development include superheat steam generators, 
te heat exchangers, flow controllers, and sodium system in- 

ents. Investigations are underway on the physical properties of 
ais exposed to sodium, and on the mass transfer characteristics 

= 
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of materials used in sodium systems. These i~1restig~ti0,,, , ~ j ~ ~  

hi& temperature service. 
is* vide better data for designing sodium colnponents and 

measure impurities in sodium. 8 

' f  

STStir .~,  Work is continuing on in 
S t  n o ,  p inh  k 

change equipment. Design and procuremelit, for the facilitv 'ht 3 

I n  1960 a site at  Santa Susana, Calif.? near the SRE wzs srlett,j i, 
I a large nonnuclear facility rquired to test large lxwtotSp, 

undertaken and operation is scheduled for 1962. - 

Gas Cooled Reactors 

Experhnental Gas Cooked Reactor (EGCR) 

b Plant construction of the 22,300 elm- EGCR at Oak Ridge 
in August 1959 and by the end of December 1960 was about 20 
complete. @-a 

In late 1960 the Commission determined that the total cost 
EGCR would be about $40 million instead of the $30 million ori 
estimated. This increase resulted mainly from higher than anti 
costs for engineering and purchase of major components sIl 

pressure vessel and charge and service machinery. 
TVhen finished in October 1962, this reactor will be the first cj1.j 

gas-cooled nuclear power plant in this country. Work on militav 
marine gas-cooled concepts is reported in other sections. Poae; Irr. 
duced by the EGCR will be fed into the electrical system supp]rine?; 
Commission's Oak Ridge facilities. 

Experimental facilities within the reactor will be of two t T p  

those involving experimental loops and those involving fuel ch& 
Separate heat exchangers and pumping equipment will be prorideJr 
that each loop can operate as a completely independent unit, Ik& 
changes mere made late in 1960 vhen it was decided that instalhh 
of some test loops would be deferred until after some operatinga 
perience with the reactor. I n  the reactor core, fuel channels are E& 

ily acc.&ble for inserting experimental fuel assemblies. The m i  
and flexible experimental capabilities of the EGCR will be useful 
only in the initial development of fuel assemblies, but also in pila 
eration of fuel elements for large-scale plants. 

* -  

?Iigh Tentpemture Gas 6007ed Reacfor ( H T G R )  

Research and development work continued during the year ofl E 

High Temperature Gas Cooled Reactor proposed by Philadel$ 

Ehtric Go. and Gener 
Ention Reactor P r o p  
pa& Bottom, Pa., abc 
<qn is scheduled to star 
:%I. The ultimate goa 
metor the high tempe 
poaer density and a f ue 

Design has reached 
=jar components by t 
dts of research and d 

!@h permeability g 
Ilpirnics recommende 
!*Ian for the first core 1( 

the immediate use of 
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,start. The first section of the 150-foot high containment shell that 
~ sc-p the 22,300 ekw ape r imen ta l  G a s  Cooled Reactor (EGCR) is shown 

= - +  ~ atn&ed to the foundation base plate. The EGCR, under construction at 
~ Eidge, Tenn., will be the nation's first gas-cooled reactor to produce com- 

ej&ricitY. The facility is scheduled for completion in October 1962. 
operated by the Tennessee Valley Authority under contract to ~ 

e *- 
A .sniission. 

.-4nc &, and General Dynamics Corp. under the Power Demon- 
Rhqctor Program. The proposed site for the reactor is a t  

iottorn, Pa., about 20 miles south of Lancaster, and construc- 
xheduled to start in April 1961 with completion by September 
Tfie ultimate goal in developing the HTGR is to combine in one 
the high temperature potentialities of gas cooling with high 

density and a fuel capable of high burnup. 
has reached a point that will permit placing orders for 

Qjmponents by the beginning of 1961. Based on favorable re- 
i$ March and development work and commercial availability 

pemesbility graphite, General Atomic Division of General 
P recommended, and the Commission approved, revising the 
7 first core loading from the use of metal-clad fuel elements 
@mediate I I S ~  of graphite-matrix elements which had originally 
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been planned for subsequent cores. This decision Will 
the design of a first core compatible with the overall Fci, 

be possible with metal-clad fuel. ‘: fi 
The General Stomic recommendation was based .on resea,,,r, 

development work dealing with the feasibility of grap~~i te -c la~  , 
HTGR design were fabricated from normal colnniercial ‘Jf 
subjected to mechanical tests Which demolistrated the fabl.;,,i 
technique and niechanical integrity of the elements. Irradiation 11 
indicated that impermeable graphite of the type to be used 
fuel element cans and d e e m  can be expected to stand up undt., 
environmental conditions of the reactor core for the all.ticiptLled 
lifetime. General Atomic began operation of an HTGR ‘j 

The HTGR preliminary hazards report was reviewed by the Ad 
sory Committee on Reactor Safeguards (ACRS) during DecernCc, 

permit. The ACRS reported that, based on the status of be 
development, it could not go beyond its statement of hfarch tha: ~ 

proposed site is satisfactory for a reactor of this general desipia 
power level. This ACRS action probably will result in ~Oll led , ‘  

in issuance of a construction permit and could result in delajin,. 
project schedule. t -  

capacity of 40,000 ekv n-hereas a capability of only 28,$)0 ekR ‘5 

elements for the first core loading. Full scale fuel elements 1 

@‘Wtit+ 

experiment facility in July. CPitr 

connection with Philadelphia Electric‘s application for a construsi -6 

I 

Florida West  Coast Reactor 

Research and development work continued on the gas-cooled, iia3 

water-moderated 50,500 ekw reactor proposed by the East 
and Florida West Coast Kuclear Groups in the Porn-er D e r n o m t ~  
Reactor Program. In  August, the Cominission announced plm 
develop beryllium-clad fuel instead of stainless steel-clad fuel far e 
first core loading. Future plans for the reactor depend on the sum 
of the research and development program which trill require 81% 

2 years. 
A major advantage of gas-cooled, heavi-water reactors is the fs 

that, in large sizes, they can use natural, unenriclied uranium as fz 
Natural uranium fuel, however, requires use of a cladding nmr- 
that absorbs few neutrons such as beryllium. 

The plant, if constructed, ~ - o u l d  be located a t  Pierce, Polk COC 
Fla., about 35 miles east of Tampa. The 50,000 ekw reactor, fuis 
with slightly enriched uranium, is designed as a protot>’pe fc* 

similar 300,000 ekw plant fueled with natural uranium. 



e gas-cooled, haf: 
7 the East Cent;: 
wer Deinonst rnr i~ 
tnnounced plim zr 
'el-clad fuel for tb 
pend on the sue- 
will require d~-- 
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,& Ilrre b of information agreement xas  coiripletect in late 1030 
this country and the United I<ingdoiii regnrciing the. EGCR 

The es- 
of tecl.Lnica1 information on tliese two projects x-zs supple- 

1960 by an agreement to exchange inforina+tion on 
the DEAGOX project, n-hich is a high temperature, 
r to be built in England (see section of this report 
Activities). 

A '  
ne and Britain's -1drai-rced Gas-Cooled Reactor. * \\ ,It'll 

'' I<ic13 
*- i)l{k 

= ~- 

Heavy W d e r  Reactors 

~ i t e  clearance, excavation, and other preparations for construction 
l~,ooo ekw (of m-liich 1,500 ekw is conventional superheat) 
n.ater 111oderated a l ~ d  cooled, pressure tube reaotor began at  
s.~., in June. Construction of this cooperative project by the 

T-irginia Xuclear Power Associates, Inc. was to start in 
LG* e-.l .4 but, delays in fuel fabrication set back coinpletion of a pre- 

critical experiment by West inghouse Electric Corp. By the 
,-ember, construction was 10 percent complete. This CVTR 

nts the first time that private companies have invested in a 
:nr Illat, will use heavy water for cooling and moderating. 

rkp ne\T reactor also will eliminate the large pressure vessel which 
t e n  the niain component in previous pressurized water reactors. 

- 8 -  L +.:ae of the lieary steel vessel which 'houses the entire core and its 
tml  support under a high pressure, the Carolinas Virginia 

ccomplisli the same function with 42 pressure tubes in- 
1 in a low pressure tank. This type of reactor is expected to 

le because fuel elements can be more easily inspected 

?,critical facility for the reactor, the LRX a t  n 7 a l t ~  Afill, Pa., will 
~4 in determining physics parameters, essential to completion of 

The facility went critical 
Jab.  Irradiation experiments in the \\Testingliouse test rewtor 
:LE C Y L X  fuel bundle to determine effects of radiation a m  
IlR,n. 

r& I s 
-%M! 

-Tuisite research and development. 
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Reactor Foundation. Initial operation of the Heavy Water Components 
Reactor (HJVCTR) , now under construction at the Commission's Savannah k. 
S.C., plant, has been re-scheduled for late 1961. This early 1960 photo ShOgR 
concrete foundation of the containment shell. The reactor has been &sim 
permit simultaneous test irradiation of up to 12 full-sized natural uraniUf. 
elements at temperatures, pressures, and power densities similar to aO* ~ 

countered in operating power reactors. 

Beavy  Water Components Test  Reactor ( H V C T R )  

Construction of the HTjC'CTR, started a t  Savannah River, S.C, 
April 1959, was approximately 45 percent complete at the a d g  
1960. Construction progress on ;this project was slowed by the I& 
management disputes in the steel industry in late 1959. The ream 
vessel is expected to be delivered in May 1961, about 10 m o n t h s b  
the previous schedule. The delay was caused by the inabilitj to& 
tain steel for  the reactor vessel and welding difliculties encountm 

- -  ~ 

in the fabrication of this unit. Initial operation is now set for E 
fall of 1961. 

This 61 BIw (thermal) test reactor will yield operating i n f o d  
on a heavj- water-moderated system under conditions similar to tk 
for power production. It will irradiate fuel elements and test 
heavy water reactor coniponents. 

f 
i 

fie PRTR at Ha; 
mbr 21. Design 1 
rt 1961. Constructic 
~6 is scheduled fo 
mdemay and reactc 
This experimental i 

grate the economic fc 
ite teclmology for us 
br uranium 235 in 1 
q p r n  is on tliern 
aflcentrations of fis: 
rr breeder reactor f ut 
f fkionable materi: 
5 fuel elements cont, 
Gtf~ 1.8 percent plutl 
mnium oxide rods 
tides are to be used 
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program with Can& 

Comission and Atomic Energy of Canada, Ltd., signed a 
O@ *Idurn of understanding in mid-year providing for an ex- 

n1 of cooperation in developnient of heavy water- 

exchange of information on heavy water 
rejects under construction or design ; close cooperation in 

development work including inut ual use of pertinent 
development facilities and proykion for transfer of 

a,terials; and exchange of personnel. I n  the United States, 
11 is undertaking research and development work a t  a 
of $5 million during the next 5 years. This work will 
irected toward heavy water. reactors to be constructed 

cflada. The program covered by the memorandum of under- 
least 5 years beyond the date of initial 

0,000 ekw CANDU heavy water power 

t, technical board was established to review progress of the 
establish future requirements to meet its 

Plutonium Recycle Program 

maurn Recycle Test Reactor (PRTR) 
i ;aVannah & i t -  

h t o  ShOH <. . . , 
been clesigrt,.,: * # 
a1 uranium f.* 

81 to those 
= 

f rg pRTR a t  Hanford, Wash., attained initial criticality on No- 
r 21. Design power of 70,000 Mw (thermal) is expected early 

Construction of the full PRTR plant and associated facil- 
scheduled for completion by June 1961. Critical tests arc 

and reactor operation meets expectation. 
uperimental test reactor will be used to investigate and demon- 

economic feasibility of recycling plutonium, and to develop 
ology for using plutonium as an alternative, or a supplement, 

= m i u r n  235 in porn-er reactor fuels. The primary focus of the 
on thermal reactor fuels, which commollly contain lox 

tions of fissionable materials as contrasted to fast-neutron 
er reactor fuels Kliich generally involve higher concentrations 

blemateriak. About one-third of the first core loading of 
~ n t s  contains plutonium in the form of an aluminum alloy 

percent Plutolliurn; the remainder of the elements are natural 
side rods clad with zircaloy. Mixed plutonium-uranium 
0 be used later. 

2 

i 
S O O b  b ' I  3 
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Plirtmtizim Test Reactor. The “heart” of the Plutonium Recycle Test 
(PRTR) is shown as i t  was swung off its delivery truck and rigged for m o T m  

into the containment vessel (background) at the Commission’s Hanford, 
plant. Nade of aluminum, the reactor calandria will contain the heaT re 
coolant and moderator of the reactor which has been designed for flexibwg 
irradiation of plutonium-bearing fuel and investigation of the operating eb;cs;. 
teristics of plutonium recycle systems. 

5 0 0 b b 4 ti 
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processing. Because plutonium is highly toxic it must be handled 
fl ip caution. Photo shows the mixing of plutonium oxide powders in a 
:duction line at the new Plutonium Fabrication Pilot Plant at Ham 

e E&. The use of gloves Sealed into the plexiglass sides and maintenance 
crt. pressure within the chamber (air pressure is lower inside the box 

I prevents the escape of plutonium-contaminated air during fabrica- 
miurn-bearing fuel elements for the Plutonium Recycle Test Reactor. 

TE is a pressure-tube reactor, using heavy water as a 
moderator, and operating at  power-reactor temperatures, 
important source of additional power reactor inforrnatioll 

dlf-full-scale operation of the plutonium fa6rication piZot 
e* knfo rd  started in -~4ugust following the installation of al- 

- -.- mjor equipment items. This facility, which fabricated the 
-containing fuel elements for the first core loading of the 

Ports the clerelopment of advanced, semi-remote processes 
ti011 of plutonium-bearing fuels preparatory to their evalu- 

f 
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Aqueous Homogeneous Reactors 

Detailed evaluation studies were conducted during the 
aqueous homogeneous reactors which tended to confirm their pot, 
2s thermal breeders. Preliminary results of the study indicate 
reactors would breed each year 16 percent more fuel than cons 
at  a fuel cycle cost of 1.2 mills per l i i l o ~ ~ a t t  hour. 

The aqueous homogeneous reactor concept incorporates sol 
fuel, continuous fission product removal and freedom from mecb 

e l  control and safety rods. The program objective is to solve th 
lems of the corrosiveness of the fuel solution, the instability 
fuel at very high temperatures, and the maintenance of a hj 
radioactive loop. When these problems are solved, the simple 
cycle together with the potential of breeding can be balanced 
tlie disadvantage of limited thermal efficiency. 

The General Advisory Committee of the Commission 10 firit 
the development program and made an evaluation of the potenti; 
tlie aqueous homogeneous concept. It recommended early in the 
that laboratory work sliould continue on this system, and tha; 
work should include studies of other aqueous uranium solution,; 
zilternative core tank materials in an attempt to find a combinatia 
which corrosion will be less severe and the permissible operating1 
perature higher than in previous experimental reactors. The  c. 
m ittee also recommended that the second homogeneous reactor exp 
ment be operated with reverse flow of the aqueous fuel in tbeb 
that this would shed light on the difficulties of operating the aqm 
uranyl sulfate system in the Homogeneous Reactor Experiment 3- 

Further work on the aqueous system would be necessary to k 
(HRE-2). 

mine whether the adrantages inherent in the simplicity and l o r  
of the fuel cycle, and in the breeding ca'pability, might outmi 
steam efficiencies resulting from temperature limitations and the t' 
nical complexities of tlie system. 

10 See Appendix 2. 

5 0 0 b b 4 b 
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105 days of continuous operation, the HRE-9 was shut down 

ifter. 22 to investigate a marked increase in fuel concentration in 
,U:ll',' b,nlll;et region of the reactor. Inspection of the reactor core re- 

~ tllat corrosioll had eaten a second hole between the core region 
,8 blal&et region. The nen- hole, measuring about +$ inch by ,l?i 

t T a ~  about the same size as the one found in the core tank 
: fl,utmml of 1958. Examination of a sample cut from the edge 

bole indicated melting due to a heat source other than metal- the 

the psction with the temperature excursion lasting not more than 
ds Otller shallower pits appeared in the lower half of the core ,~t"r 

@qn - bllt tile upper half appeared to be in generally good condition. 
odifications vere made in the HRE-2 during the period JI. 

$tijor a Februaq through October, including patching the holes, re- 
@ d the diffuser screens, and brush-cleaning the core interior. All 

r,ztio11s were carried out in the 32-inch-diameter core through 3 - k  

zropening in the top of the core fuel pipe. This required de- 
hpment of greatly improved remote maintenance techniques and 

rfwt,ion of remote methods for detailed inspection of the core 
rpe 
AM. 

&ition, several components were replaced and the direction 
rb,fc lras reversed. M O C ~ U P  tests have shown that, with reversed 
F. local stagnation in the reactor is reduced and uranium-bearing 
_ _  ~i; M sre swept out of the core rather than allowed to settle on the 
wr Ilalf of the core wall where they can cause local overheating. 
grp.rdtion of the reactor was resumed in November. Tlie immediate 

ire is to determine whether the revisions made in the reactor 
: d l  allow it to be operated stably under the original design 
ions. The reactor is being operated at  gradually increasing 

w l e ~ e l s  and system performance is monitored at each step in an 
pt 10 determine precisely the nature of any instabilities and the 
ions under Thich they occur. 

?% KRI3-2 is scheduled to be operated a t  full power in January 
trj estddish its performance characteristics with reversed flow. 

Us PrOSram, including operation of the HRE-2, in favor of 
derelopment of the molten salt concept. 

1 iDclles, (1 

' r r d U e  evaluation of the molten salt concept by the Commis- 
-r Gaeml Advisory Committee and other study groups resulted 
ip 
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in a decision to continue the research and development pro, 1 evaluations cited a number of practical adn i t ages  of tllii: 
&ar: 

type. 
The Committee stated that the slightly Ion-er breeding ratio 

pared with the aqueous Iiomogeneous reactor, is not a s?l-iollk ,~!.~ 

1-antage at present C-233 prices: and recoiiimendecl tllat ti 

tion of a reactor experiment. E d u a t i o n  studies indicated 

somewhat better breeding potential than was anticipated. 

a. probable fuel cycle cost of 1.0 mill per kilon-att hour, 

ment (MSRE) vxs completed b;v Odi  Ridge Sational Ijal,orato, 
September and the Commission decided in October to autllor;ze - 

graphite-moderated core about 435 feet in diameter and lleigllt. 
graphite core is made LIP of graphite columns pierced by 
channels for fuel flow. The fuel, a molten mixture of beryb2 
litliium, zirconium, uranium and thoriuin fluorides, would &&I, 
its Beat to a molten salt of tlie sanie type, but containing no llpdf:!L 

in the primary heat exchanger. I n  the experiment, heat fro&*, 
secondary loop is discharged to the atmosphere through a seconda. 
air blast heat exchanger. 

The major objectives of the MSRE are to demonstrate the 
pendability, serviceability, and safety of the molten salt concept 
civiliaii power purposes, and to proride confirmation of earlier 
mental work and information on components needed for a lar,pE 
actor. The molten salt reactor concept offers the potential econE 
advantages of improrect steam conditions and high efficiency thm 
operation at  very high temperatures and power density. As the fz 
is in solution, no fabrication of fuel elements is necessary and e 
tinuous removal of fission poisons is possible as in the aqueous hoz 
geneous reactors: thereby providing greater continuous n w s  
economy. 

Construction of tlie RISRE will begin early in 1961 at Oak 
in an existing building pel-iously used for tlie Aircraft E 
Experiment, a reactor of the molten salt tSpe which vas disms:p 
after operation in Xovember 1954 as part of the Coimnission's 5- 
craft Nuclear Propulsion Program. Much of the research and;; 
1-elopment work earlier carried out in coiinection Kith aircraft r~~ 
systems is applicable to MSRE KO&. Tentative completion &- 

le l&, 
program be pursued vigorously, including construct ion 3: 

awl Ole 
molten salt reactor has potentially low fuel cycle costs and that llii; I 

ina'rlp results indicated a maximum aimual fuel rielcl of 8 percent i-d a ~ 

struct.ion. The proposed reactor has a cylindrical, single &st rt, 

Conceptual design of a 10 Mw (thermal) molten salt re? ' ctor esy-,, 

CONTROL ROD --I. 

s a - * .  
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m r c h  and develop 

This small reactor I 

R short-term expt 
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- F R L  Experiment. Although built as a short-term experimental device, 
s h Alamos Molten Plutonium Reactor Experiment (LAMPRE) is being 
e a the long-range project of developing fuel suitable for breeder reactors in 
est maiinm 238 or thorium can be converted into fuel. Above is a diagram 
'*?ab components of the LAMPRE. 

3 m r  is May 1963 ; the estimated cost, exclusive of supporting 
-R$ md development, is about $4.2 million. 

Molten Plutonium Reactor Experiment (LAU€'l?E') 

' &,-dl reactor experimellt of 1,000 thermal kilowatts mas built 
itrOrn-km experiment primarily to explore use of a fueI of 
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melted plutonium alloy containing 10 percent iron. A tantalu: 
tungsten alloy is being tested as a container material for nlolt 

in Kovember 1959. Sodium vas circulated at operating teqerat ,  
late in 1960, a i d  hot criticalit? tests are expected to start early ih 

and suitable charucterist.ics, it r i l l  be used to test other fast 
materials under development at Los Alanios, includino 
plutonium alloys. 

Results of LAMPEE tests will permit design of a core f 
a higher power facility. 

tonium. A d q  critical experiment  as conciucted lvith ~~4~ eh p1 
LfPt 

I 
JIThen the reactor has demonstrated stable operating perforrF,:, 

f L  
b tc% 

Or te$ 

New Reactor Projects 

Research and development was continued during 1960 on a nw 
pv of new reactor concepts, each of which offers one or more im 

ments over existing reactor designs. Xone is sufficiently &velow, 

% current st,ages of their respective technologies to permit plant d 
construction and operation. Each concept is subjected to contiQ 
evaluation and deyelopment is continued to the point There a d e c ~  
can be reached on m-hether to build an experiment or to ter-b 
the work. In  1960, development work on one of the a d r a n d &  
cepts, the Molten Salt reactor, had reached a point where a decke~ 
was made to construct a reactor experiment. 

Thee Evaluated Concepts 

Three of these advanced concepts so far have survived p r e l h -  
evaluation : the liquid fluidized bed, advanced epithermal thoria 
and pebble-bed, pas-cooled reactors. 

Fluidized 6ed reactor. The Martin Co., under Commission con= 
to investigate and develop the fluidized bed reactor concept, rn 
structed a critical experiment for such a reactor a t  the Martin n ' u k  
Division site near Baltimore. Experiments will begin early in 1E 
The idea of this reactor type is to maintain a bed of fissionablesz 
fertile material in a fluidized state under turbulent flov condirk 
Water or organic liquids are considered a s  possible fluidizes a- 
coolants. High power density, ease of charging and dischargiqb 
and uniform fuel burnup are potential advantages of this systa 
also may offer the possibility of reactor control without control rds- 

Mjmi?larg Work.  An . 
saactire uranium diosii 
E$&emal Thorium Ileac 
PjNt  by Southvest Atol 
3sducted on the nuclear t 

=girh might be used in tho 
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JdpancelE e p i t h e m l  
n uranium 233-tho 

&VB the thermal 1 
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Atomic Energy ASSOC 
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~ i i e  pod steam cond 
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7 

4taorll work. An Atomics International scientist prepares a wafer of 
& q y e  uranium dioxide for a n  experiment in connection with the Advanced 

Thorium Reactor which has been proposed as a prirately financed w 
Southmest Atomic Energy Associates. PreIiminary studies are being 

4-:ed on the nuclear characteristics of uranium-thorium core configurations 
-+might be used in the reactor. The work is being done in a critical esperi- 

at  Santa Susana, Calif. 

iced epithernzal thorium reactor. This reactor, which would 
ss  umnium 233-thorium fuel cycle, operates with neutron energies 
&SE the thermal range-the high epitliermal neutron energy 

nil be cooled with sodium, is sponsored by the Southwest 
iergy ,4ssociates, a group of privately owned electric coin- 
he southwest area of the United States. I n  order to  obtain 

mr physics inf ormntion on this reactor concept, ,4tomics I n  term- 
completed coiistruction of a critical facility at  Santa Susana, 
late in 1960 and operation was begun using part of 25 kilograms 

It is expected that this 
of reactor would have high operating temperatures, which pro- 

-- !?d steam conditions and high thermal efficiency ; low reactor 
"%minimizing the difficulty of vessel manufacture; compactness 

233 provided by the Commission. 



62 ATOMIC EXERGT 1 9 6 0 

per “n;: ~ 

and high pori-er deiisit-y, with resultant l o r  investment 
power in the reactor structure. 

Pebble Bed Gas Cooked Eeactor. Work on the pebble bed mrlNpt 
being performed during the year by Oak E d g e  K-ational ~~b ’% 

pact. I 

feasibi1it.y study and conceptual design of a reactor errperh -- 

an experimental reactor should be undertaken. I n  this concept k 
Cionaq7 bed of spherical balls or pebbles of graphite containin ? a %  

ture, coolant, and fuel, the reactor can produce steam at temperatnir 
higl-r enough for use mith modern generating equipment, Th - 

unloading. 
A new type of fuel material has been developed and tested ~~~ 

this program. It consists of small particles of uranium oxide 
uranium carbide coated with a high temperature ceramic as dwnL 
in the later section on Fuels Development. 

and by Sanderson and Porter, Inc., under Commission cant rat,, 

being completed at  the year‘s end to help determine whether ent 

ium. fuel is cooled by helium gas. Because of the nature of the g b L   st^^- 

also is amenable to simple handling techniques in load’ e fk 
1Q.g q; 

Other Concepts 

Other reactor concepts in earlier stages of derelopment in,-&& ti 
mercury cooled fast reactor; the variabte moderaior reactor; the mup” 
critical water reactor studied for application to aircraft and ma~tk 
propulsion and now being considered for a central station plant; 
the moderator controZ or spectral shift reactor in which Ilea7 KzE 

is added and subtracted from the light water coolant. 
Section 111 of the Authorization Bill for fiscal year 1961 autho&+ 

the Commission to carry out a design and engineering study of gt4*3 

cooled power reactors for a report to the Joint Committee on A t e  
Energy by April 1, 1961. Ten different variztions of the stm 
cooled concept are being considered. 

T o r k  on an adrmced fluid concept using boiling sulphur as 
ant mas terminated in mid-year by the contractor, Serojet Gam 
Nucleonics. The studp of boiling sulphur, interesting becaw 
its potential in a direct-cycle reactor for obtaining a high themi 
efficiency, was limited to corrosion and heat transfer measureme 
The corrosion studies indicated that gross out-of-pile corrosion * 
for the metal alloys most promising for reactor use were of the O& 

of  10 to 20 mills per year, which wsts considered excessive. 
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Reactor Safety 

inknsive experimental and theoretical p rogam fBec ,me reactor safety and to reduce safety costs includes five f a d -  
pis- 
* b  dsjqed for reactor tests as well as research and development 
- mwbmmt of reactor systems, and in chemical aspects of reactor - 

facilities a t  the National Reactor Testing Station are exclu- 
s+ to safety tests. They are known as Special Power 
&on Reactor Tests (SPERT) 1, 2, and 3. A fourth facility 
_mTd  ill be completed by May 1961. A fifth facility is the 

Esperiment on Water Boilers (IZEWB) at Santa Susan% 
ahich is an aqueous homogeneous type. 

iY€RT-1, an open vessel reactor, has been used for kinetic testing 
Zwious cores sinm 1955. During early 1960, tests were run on an 
=and? fast inhgral control system. Results showed that the con- 
* y e m  is capable of limiting nuclear excursions having periods 
text  BS 3 milliseconds. 
rdoninp these tests, a program of capsule experiments was started 

earntigate! on a limited scale, the details of void behavior and 
eflects that contribute to reactor self-shutdown during a power 

The SPERT-1 program has been extended to include a 
wF Of the behavior of cores, such as oxide cores that are assuming 
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importance, but for which overall kinetic and safetj- aspect\ 
'- i:l?;b* 

been prel-iously studied. During the last quarter of 1gc;o, a lon 
nient oxide core I T ~ S  installed in the reactor for a series 
behavior studies. 
Savannah tSpe of fuel, is representatire of cores being use 
reactors w-bere high fuel burnup is iinportuiit f o r  econon1ic 
reasons. 

signed to study the coinparatire kinetic belml-ior of core  usin, . 

This low enriclinient core: fabricated f 

XPERT-2, a medium pressure reactor (275 pig,  4000 p . .> 1s fi= 

ous moderators and reflectors. Initial criticality wit11 Iigllt k a \%*- 

rnents in light water. Criticality with h e a q  water was acl1iev4 *.a 
moderator ww, achieved in hIarcli 1960 followed by shtic. %& 

-* 'C 

i4u,rrust and was followed by static nieasurelnents in heavy ~ ' ,  * 

The transient program with these cores IT~S started before tile en? 
the year. 

&PERT-3 can operate at  temperstwes up to @Bo F, pressures up?, 
2,500 pounds per square inch (gauge), and with flow UP to 

y d*&* 

I =  

gallons per minute, and is able to simulate either boiling Rate; ..it 

This reactor completed nieaSurern R pressurized water conditions. 
of static physics parameters in the spring of 1960, and a test pr 
was ini tistecl at  ambient temperature to inrest iga te t he  eff eck of pk 
sure and flow on transient behavior. Prelinlinary results indip... 
that the SPERT-3 reactor can safely TI-itlistand a 10 rnil]isec 
transient while operating with a system pressure of 2,500 psi, an i. 
tial coolant temperature of 70" E', and a coolant flon- of 20,000 gau% 
per minute. 

SPERT-4, nom- under construction, is designed to  ini-estigab i;, 
kinetics of pool reactors which are commonly used for univeEkr 
research and training, as well as to further investigate the instabi]i& 
observed in the SPERT-1 experiments. Completion of this p ~ ;  
type reactor is scheduled for mid-year of 1961. 

The Kinetic Experinzent on Water  BoiZers (KEWB) was designti 
to obtain data on the dynamics of simple homogeneous react@- 
After experiments vi-ere conipleted with a spherical core in 1959, i 
cylindrical core was installed, and achieved criticality in March 1%. 
On blay 10, this reactor underwent the shortest period nondestructk 
transient power burst ever recorded in a thermal reactor. An k. 
stantaneous power of 2,300,000 kilowatts was reached on a 0.90 mih: 
second period. The total enerm released was about 8,600 l i i l 0 - i ~ ~  
seconds. Inrestigatioiis are underway to determine the usefulnE 
of the K E J B  reactor for studies of fuel processing accidents. 

-r 
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khnven Kational LaboratoT started a study to determine the 
physical identity of biologically hazardous fission prod- 

This 
be used to design filter systems, washout qstenis and 

stems more accurately and cheaply. 
ational Laboratory completed the design and fabrica- 

rst in-pile loop to measure fission product release under 

nOnne National Laboratory, metal-water reaction rates of 
d uranium were measured a t  atniospheric pressure at 

ratures up to 3600" C. A series of in-pile measurements were 
he TREA4T reactor in order to correlate the laboratory 

work is continuing a t  higher pressures and on other im- 

6es of ignition of pyrophoric metals discovered that halogen- 9 J  
hrdroca.rbons drastically inhibit the ignition of zirconium and 
. This may provide a means of assisting safe handling of 

- highly pyvrophoric metals. 
-urrey and analysis was completed of criticality hazards in proc- 

um.;lnium hexafluoride into uranium oxide or uranium metal- 
<[ of a series of studies to cover each step in the fuel cycle. 

f i' . qudies of reactor containment, the leak rates of c,omponents for 
to contain low overpressures that might result from a reac- 

e tEt+Ient were measured to determine the usefulness of this type of 
<-jj~g for low enthalpy (heat content) coolant systems. Methods 

j~cing the initial leak rates of some components by a factor of 
* w e  been determined. In  another study, an quation has been 
4 p e d  and experimentally verified to describe the velocity of sound 

ing water with various void fractions. This equation makes 
e more accurate calculations of the transmittal of shock during 

Ycring October contractual negotiations were started for design of 
2s test facility to model and examine loss of coolant accidents oc- 

~ as a result of the rupture of primary coolant circuits in mater 
5. Construction will begin early in 1961. This facility will aid 

e t  and evaluation of new containment concepts eventually 

tllnt might be released should a reactor accident owm. 

ricslly simulated reactor accident conditions. 

reactor materials such as aluminum and stainless steel. 

f - *  

3 :  . 

a t  reactor excursion. 

the reduced cost of containment. 
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MARITIME REACTORS 

The blaritinie Eeactors Program has 3s; its goals tllc c~e,l~lrl 
of t.l~e safety and reliability of nuclear nierclmlt. SlliI 
duction of capital and operating costs to encourage the COt, 

of privately oviied nuclear Tessels. To achieve tilese ol,jecti 
Comnission and the Maritime A4chillistration are ellg 
research and development prograln. on the nuclear 
program, the Cornniission has determined that emp1 
placed 011 the development2 for maritime use of pressurized 
reactors as in the N.S. S a c a m d ,  and of gas-cooleci 

N.S. Savannah 

Construction of the K.S. Sacamah,  the first nuclear polr-ered 
chant ship, was essentially completed at tlie Camden, s, J., 

fi 

Xew York Shipbuilding Corp. a t  the end of December, I 
criticality of the ship's pressurized -rater propnlsion plallt is 
uled for early 1961. Startup was delayed by ship construction 
lems, and by extension of precritical testing and analpis, 

ices, Inc., carried forward design reviews to identify 
difficulties that might impede future operation of the 
and to provide a basis for  developing improved components 
reviews did not find any need for major changes, but sonle 
modifications were undertaken to improve reliability. -4ddi 
changes may be made at  the first refueling. Future effort 
pointed toward improring components for the nuclear plant. 
Commission will hold a public hearing early in 1961 on nuclear 

During the past year The Babcock 8~ Wilcox co. and Ebasc 

is an integral part of thl 

ce into major domestic 

aspects of the Savannah. 
Yorktown, Va., has been selected as the base from which the 

nah will undertake her sea trials. It is expected that the ship 
talien from the shipyard to the TorBtoFn base in tlie earl 
of 1961. maintenance and repair 

After sea trials are completed, the Savannah is to be opera: mpelled nuclear sen-icir 
an experimental vessel for two to three years. Toward the& .was launched in April 
this period, the 1-esse1 will enter limited comniercial serrice ud f the merchant vessel. 
major world ports. Operation under convllercial conditions d engineering and deck c 
tribute to resolution of legal and regulator- problems. Cornmission sites in re  

Kegotiations n-ere conducted during the )*e& both vith c.5 aspects, reported in ea1 
authorkies and TT-itli foreign goi-ernnients regarding the and procedures of the 
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~ 1 1  De U s e d  to serrice the K.S. 
lispIacement of 650 tons and 

The barge is equipped to 
id solid radioactive wastes preps- 

: toe Xamnnah's reactor components. 
ission-Maritime Administration vessel. 
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NzJclear Tanker S t d i e s  

Commission evaluation was completed, and a, summary rep 
mitted in April to the Joint. Committee on ,!tomic Energy of th Ol.t SlJ! 

Vress, on design studies to determine the type of reactor \v]iich e Gjt ),: 
b 

the greatest potential for early use in a tanker under existin,, 
h Wri,i 

tions. Studies on direct cycle boiling water! advanced pressuril,: 
water, and indirect cycle boiling water concepts were perfornied i, 
General Electric Co., Combustion Engineering, Inc., and lvestir,:. 
house Electric Corp., respectively. 

Although tanker use was emphasized, the studies undertook to ider- 
tifp a prototype nuclear propulsion plant suitable for relatively brGk, 
application in merchant ships. The studies accordingly proi7ide 
t.iona1 evaluative data for continuing investigations and analJ, 
of various reactor-ship combinations. 

Maritime Gus Cooled Reactor (MGCR) 

The gas cooled reactor shows considerable promise as a propulsie 
system for merchant vessels. The Commission also determined tlg 
this basic reactor concept possesses promise for use in stationary POEL 
plants. 

Development of the MGCR, which has been carried out s ine FebR 
ary, 1958, for the Commission by the General Atomic Division of G ~ ~ .  
era1 Dynamics Corp. has been directed primarily toward solving bzi 
problems of metal-clad fuel elements, materials. controls, and =actrF 
physics associated with early construction and test operation of 
30,000 shaft horse-power gas-cooled beryllium oxide (BeO) -maj. 
erated plant. As this basic concept shows promise for merchant shlr. 
propulsion as well as for stationary power plants, and since no fa& 
existed to test a gas-cooled BeO-moderated core a t  suitably high tm 
peratures and pressures? the Commission has approved development oi 
a A exible gas-cooled, BeO-moderated reactor experiment, to be linoffi 
as BORE. Derelopment of the MGCR prototype will be defer6 
for the present. BORE, n-hich will have a thermal capacity of aboc: 
10 megawatts, will be constructed at the National Reactor Tesk 
Station. The current estimated cost of this project, including researe! 
and development, is about $S million. The plant is scheduled fcf 
completion in June 1962. 

Construction of an MGCR beryllium-oxide critical experiment TW 

completed in July a t  tlie San Diego site of General Atomic, and e3 
periments were begun in A4ugust. Irradiation tests of reactor mair 

t: 

SPACl 
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onducted during the gear in a high temperature gas loop 

2nd in the Materials Testing Reactor, the Engineering 
J;,,lctor? ancl the reactor of the Battelle Menlorial Institute. 

SPACE PROPULSION REACTORS 

%tive of the nuclear rocket propulsion effort, designated 
Ijle :~~J-ER,, is to develop reactors and related nuclear technoloo 

F2j’ populsion of space vehicles. 
ROVER effort during the year consisted of the develop- *& -- P 

series of nonflyab experimental feactors-desigpakd ICiwi 
&Sf 0 
*- - e  rbe flightless Australian bird. A basic complex of test facilities 
SzrA *&? ,c+ructed at the Commission’s Kevada Test Site which would be 

Ti,e mjor 

-3- i L w - - -  

4 

E t  3ble for assembly, test, disassembly, and limited post-mortem 
stion of these reactors. This work is conducted under the tecll- @ ld direction of the LOS Alamos Scientific Laboratory, operated for 

comission by the University of California. 
-w first of the planned series of reactor experiments in Project 
 ti^^ was completed in July 1959. The primary objective of the 

- 
1 

i €  

. -  
:si.+\ test was to operate the reactor at high power at a predeter- 

~ -4 temperature level and a duration representative of an opera- 
--J qcle. The attainment of high power was successful on the first 
g& Ipt, md the Kiwi-A test objectives were satisfactorily met. The 

vas disassembled using remote manipulator equipment. An 
&krntt? and well planned post-mortem examination and diagnostic 
&?is of internal components was conducted and Sielded valuable 
--e -g;rmation for later reactor designs. 
T~ esperiments continued during 1960 with the successful test of 

~-i-.k Prime in July and Kiwi-A3 in October. Both reactors mere 

L 
s-- 

.r- 

to Kiwi-A, using high pressure hydrogen gas as propellant, 
s contained modifications and design improvements for increased 
dorinnnce. The IZiwi-A3 test was the most successful in the initial 
ziriment series. All performance goals n-ere achieved or exceeded. 
#-&-site radiation levels were extremely low. There was no meas- 

=+.&e off-site radiation, although traces were detected at  a few points 
t &e site perimeter. 
hproved procedures resulted in completion of Kiwi-A3 reactor 

-=mbly in less than 6 dajs, a, considerable reduction from the time 
“cki for the Kiwi-A Prime reachr. 
h s e  tests concluded the Kiwi-,4 series and work is now underway 

‘wruction of new and enlarged test facilities preparatory to 
:Jet of an advanced series of reactor experiments in 1961. The =e .a. 
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1<i Ki-B reactor series d l  iiirolre the use of liquid, rather tlian 
PC @Il% hydrogen as the coolant-propellant. This is a requirement 
+ ~fnb]e s-$tenl. ~1 vigorous research program to derelop fuel 

Joint AEC-NASA Ofice 

31, a joint AEGKASA Suclear Propulsion Office was 
@-I sum. 

ally established to develop nuclear space propulsion systems. 
w Office now integrates the respective agency efforts previously f& -4 out by the Commission in its Aircrzft Eenctors program and 
~ G A ~ S  Office of Lnuiich Vehicles. Concurrently, a Memorandum 

ondenbnding was signed by the Commissioii Clixirinan and 
ti &s Administrator outlining the broad division of agency 
pp&ditiS. 

with tlie statutory responsibilities of both agencies, 
&Go mmission will have primary responsibility for development of 
*it and their components, including those f o r  flight missions 
d i f i ed  by NA4SL4. xL~SLi  will have primary responsibility for re- 
** h and development of nonnuclear components and integration rrre 
z: E - &e nuclear components in engines and vehicles of rocket systems. 
pufiuant to a joint agreement between the Commission and the 

wional Aeronautics and Space Administration (NASA) made early 
1$0, the Commission, within the broad framework of R’ASA4 

would retain prime program management responsibility 5 rould fund for operations and facilities through the ground 
a i l i t f l y  demonstration phase. I n  support of tlie Commission, 
UA xould provide liquid hydrogen and other fluids a t  the test 
%and would fund for the development of nonnuclear engine com- 

ts. KSSA 11-ould assume prime program management responsi- 
and Todd  fund for flight engine and flight test system develop- 

=; and operation including the construction of necessary facilities. 
;% AEC would support the flight system development by providing 
=reactors. 

xownber 1 it was announced that a request for proposals 
z-4dbe sent to a number of qualified manufacturers for research and 
sflopment of a nuclear rocket engine. Consideration had been given 

c$ntracting for a six-month preliminary design study, but after 
*zTfd evaluation of prograin requirements, it was decided that the 
I3mt of Project ROTER would best be served by an early selec- 

@ * *  

In 
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tion of an industrial contractor for engineering support and reseQ; ; 
and development. 

SUPPORTING ENGINEERING AND DEVELOP ME&^ 
In  addition to specific work on indiviclual power reactor proje,,t* 

the Commission develops broadly based teclinology applicable - - 
fret. erally to nuclear reactor systenis and operation. The objectives of t?t:.. 

nuclear technology program of reactor development are t O ProTjk 
data on reactor fuels, cycles and processes, reactor materials, reapt,. 

engineering development of a general and fundamental nature, ; 
investigate the feasibilit>y and potential of new metllods for improrir:, 
reactors, and to pro'iide tools, such as test and research reactors at: 

remote handling devices, for use in reactor research and deve]opmelic 
The increasing emphasis which the Commission places on this Ro4 
and the broadening of the effort, is reflected in increased expendi- 
tures, some $40 million in the fiscal year ended June 30, 1960, n-i,ic: 
was 50 percent more than the 1959 outlay. 

Developments in this area may help to lower the cost of pcmer c""' 
eration through improvements in reactors and through reductionc: ;! 
the cost of fuel cycles. 
from contract work showed encouraging progress in developmeht ci 
new fuel combinations, cladding techniques, and fabrication meth& 
Related work conducted during 1960 included development of t@i. 
niques for irradiated fuel which will lower costs for current reaep 
fuels or permit reprocessing future fuels not susceptible to  existkc 
practices. Environmental investigations continued in developma: 
of practical systems for safe handling and disposal of a wide varim 
of radioactive wastes. 

- 1' 

physics, reactor components and associated equipment, to carq 5- . 

" 

Interim results obtained during the 

Reactor Physics 

Reactor core studies using critical and subcritical assemblies snb 
involving different fuels and moderators were conducted at zt nm- 
ber of installations during 1960. The technical data and informatie: 
obtained from these studies are used for design purposes by rearlg 
engineers in determining critical size of reactors, the degree of iii 
enrichment needed, and the lifetime of core reactivity. 

A cooperative program of critical experiments was completed k 
'l'he Babcock & Wilcox Co. and Argonne National Laborator!' E 

Construction of an 
@mP leted at  the N: 
wand facility of thi 
gcsurement Facilit 
wdies at these faci 
&ere more efficient 
to provide basic data 
rdranced reactors an( 

The new facility T\ 

aith a sensitivity IO 
has been the most sen: 
s a function of f u  
m t s ,  can be expanu 

A program of stuc 
ment by time-of-flig 
U of various  mode^ 



73 
lRltices (fuel arrangements in core) fueled vi th  oxide mixtures 

d uranium 235 in light water-moderated and h e a q  
,lerated systemS. The fuel used was from the A4rgoxme 

development program and the Babcock &, Wilcox- 
ted Edison Co. critical experiment program. The program 

useful reactor physics information while avoiding 
tion of oxide fuel. This physics information is 

tile design of power reactors using the above fuels and 

RELA'ITD A(2T'IVITIES 

@Is. 
of reactor lattice physics studies, including exponential 

iments on lux enrichment uranium rods in heavy water, was 
jfassachusetk Institute of Technology. Varying uranium 

ent sill be tested. Arrangements are being made through 
mg,tional Atomic Energy Agency to lend low enrichment fuels 

i'9icgT +$@r(r. for use in reactor lattice physics studies planned to s t a d  in 

$z & iln 'tial experiment facility approved for construction at Brook- 
X8tional Lsboratorg will provide a tank in which measurements s* - 

+* 
4 p m P m  

kruade at high temperature and high pressure. 

f. -ded Reactivity Neasurement FaciZity 

8 

3 

;=amtion of an Advanced Reactivity Measurement Facility was 
t the National Reactor Testing Station in August, the 

lity of this type at that site. The other is the Reactivity 
nt  Facility which has been in mntinuous use since 1955. 
these facilities are part of the Commission's program to  

more efficient reactor fuel utilization, prolong core lives, and 
de basic data of general value for desi-&g and evaluating 

acility will permit very precise reactivity measurements 
snsitivity 10 times that of the older facility which up to now 

wn the most sensitiae in the world. Studies of reactivity changes 
ction of fuel burnup, and of resonance integral measure- 

reactors and concepts. 

e expanded by the use of both facilities. 

?Warn of studies on neutron thermalization-direct measure- 
time-of -flight techniques of neutron spectra resulting from 
OUS moderators and reactor lattices-is being carried out 



PZasma Tkcl-mocozip7e. As part of the Commission's progam of 
means of direct conrersion of nuclear heat into electricity, a Plasm * 
couple (shown above) hns been developed at Los Alamos Scientific Lakd 
The device trnnsfornls heat, generated by fissioning of zirconium Carbid@ 
carbide mixtures, directlr into electricity xithout use of nny mOTi*g p* 
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to the interaction with moderators of monoenergetic 
llear thermal energies, Phillips Petroleum Co. has developed 
rotor neutron relocity selector and has made direct scattering 
erlb on beryllium, TI-ater, and several organic gases such as 

Data are taken as 
on of both scattering angles and the incident and emergent 
f tile neutrons. These measurements are useful in de17eloping 
scattering tlleory and serve to evaluate the importance of 

ional and rotational energy levels of molecules in reactor 

bane, methane, and normal butane. 

on direct conversion of heat from nuclear fission to elec- 
energ--the thqrnoelectric reaction-continued at  Los Alamos 

Laboratory and Westinghouse Atomic Power Division. 
mrk at Los Alanios consists of research and development on the 

c Tapor diode, a plasma thermocouple in which electrons 
from cz high temperature cathode are collected on an anode 
temperature. The hich temperature required is developed 

fission in zirconium carbide-uranium carbide cathode 

oelectric nuclear fuel element in which thermoelectric ma- 
ajan integral part of the fuel element would convert the fission 

tly to electricity is the goal of the Westinghouse program. 
results indicate that thermoelectric materials may be foulld 

ammitable in the intense radiation fields of a nuclear reactor. 

w m  

b 
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High Temperature Work 

Achievement of high temperature operation of 
~~~ important to  achieving lorn-er cost power since t1ler.e - %>k 

'S EL r l i ib ,~-  
1 PHi,.. * 

in power plants. 3'':- 

lationship between hich temperature and heat -courersiol 
v 

High-Temperature Facility. 
trial processes-including the gasiEcation of coal-is the goal of Fork keg 
done with a Commission-Bureau of Nines high-temperature test f a a p  I 

Norgantown, W. \'a. The helium gas recycle system is powered by e l m a p  
duction heaters which simulate a high-temperature nuclear reactor. D a g %  
tember and October the test facility was operated continuously for r n o r e k  
1,OOO hours a t  a gas temperature of 2,500" F. and under 250 pounds per spm 
inch. Photo shows the experimental facility with its major components labk 

Use of high-temperature nuclear heat for 

High Temperature Reactor Facilities 

A pioneer effort to deiTelop advanced technology for reactor s p x ~  
operating at temperatures far in excess of limitations impoad i: 
current technology has been the helium-cooled Induction Sirnuhe 
Reactor facility operated for several years at  Morgantown, IT. TL 
as a joint Commission-Bureau of Mines project. The ISR emtab 
,211 the components of a reactor system except fissionable fuel. 
October 22, it completed a test of 1,000 hours of continuous openth 

Kgh Temperature €2 

Jiechanical equi pmc 
high temperature r 
The past year has sc 

L helium compressor o 
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of 3,500" F gas temperature and 250 pounds per 
, This is b e l i e d  to be the first time that the 

ystem for sustained periods at 

Ili.ll telllpel 'ut~i~e g:is-cooled Turret i'eactor esperi~iiellt 

I ,,lls~r.~~c.tio~i a t  Los ~-llmios Scientific Laboratory, was to 

~ ill,tl ,-jef-eIoplllel1t of technology applicilble tu very high tern- 
includi1lg 11ossible inclustrial process heat,. It  has been cle- 

tllnt, I1nclacI fuel performme and probleiiis of radioactive 
coolallt gas can be investigated in existing reactors. There- 

~ ~ O I l l l ~ & ~ i ~ ~ l  does not propose to proceed with construction 
or a t  this time. Basic studies of high tempera- 

reactor systems emploFing unclad fuel will 

e conditions has been deiiionstrated. 

rmpratupe Instrument at ion 

f ~ l  operation of reactors at  high temperatures will depend 
sure on devising means for accurate and reliable measure- 

a1 operating variables of the svstem. De- 
truments has prodiced several 

utron sensor, employing micro- 
izing a waveguide filled wit11 
d to measure neutron flu in an 

Lip to 3,000' F without requiring the use of special high 
re electric cables. 

strument has been developed for rapid qualltitative de- 
n of oxidizing impurities in inert, high temperature gas cool- 

or also has been developed for use in liquid-cooled 
temperatures up to 950-1,OOO" F. This instm- 
ing parts and operates on the principle of ultra- 

ESZS It can be sealed permanently into a system and will provide 
indication and control. 

Tfmperature Reactor Components 

nt that will operate satisfactorily q+h helium 

11 and long-term operation of 
reactor systems also is being developed. 

"a m n ~ w s o r  operating at cz gas illlet. temperature of 1,0000 F- 

5 3 0  b b b 1 
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8 substantially more severe operating condition than "Ils ~ ~ , ~ , ~ ~ , ~  
has met previously in reactor serrice. 

Encouraging resnlrs m-ere ficliievecl in clei-elopnle~lt of :Iri ~ 

static precipitator for removing particulate Illatter, specjiir;,ll 
element erosion products. f rom high temperature ,gx 
to date 1-Lai-e indicated efficiencies of 95 to 99 perc 
particIes less than 9 to 10 microns in size from gas strean,, :tr 

perstures up to 1,400° F. 

High Temperature Heat Transfer 

rote& the fuel j 

I n  order to predict performance of gas-cooled reactors n,c,,, 
curately, thermodpamic properties and heat tra 
quired for higher teniperatures and pressures of 
heretofore h a r e  k e n  available. Tables of thermal proDeqi,?, 
helium and molecular nitrogen hai-e been extended to te 
4,000" F and pressures to 9,500 p i a .  Heat transfer and 
drop data have been obtained for helium at temperatures to 
The results of these studies confirm the classical relation 
convection. This work is being continued for helium to 
approaching 4,000' F. 

il-e for the high ten1 

Nzdear Fnels and Materials Development 

Development of new and improved fuels and materials is e 
to achievement of economic nuclear poser. In addition to Fo this fuel element, i 
specific individual poser and iiiilitary reactors, the C may be achieved ii 
ducts comprehensive fuels and materials development under its nus 
technology program. In this effort, specific projects develop, mi%-calcia-zirconia a 
fabricate, and test prototype fuels and fuel elements z1 

iiig and improi-ing nuclear reactor efficiency, out.put, and life. dies of synthesis and 
The program supplies data on physical and meclianical pro ssed to the point w 

of metals, alloys! and materials, required by reactor designers., an ion in a variety of 
proves current technology by utilizing adranced con 
novel combinations and configurations of materials for efficient le claddings is conti: 
actor use. Vork in this program is carried out a t  t 
laboratories and in private industrial and research institutions ET* 

contract to the Commission. 
midway point and encouraging progress has been sllovia. 

ng and Container 2)1 Many of these contracts nor a x  

Fuels Deve Zopment 

A recent successful effort in the 
of coated fuel particles as mentioned 

5 0 0 b b b 1 3  
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s 3 s  
ZZ actor concept. Programs at Suclear Miterials 

lid at Battelle Meniorial Institute have shorn 
tlv of coating tecliniques aiid have iiiciicntecl tha t  fission 

materially reduced. I n  this process? small 
jissionsble iiinteri31-coiiip~r~ble in size to  conmion table 

tecl Tit11 a dense refractory inaterial b>- a gas 
using fluidized-bed procednres. The coating 

t the fuel from clamage by cheinical reaction with the 
t11e liiglz temperatures of the nuclear react or and also pre- 
of the fission gas produced by the fuel. Aluiiiina coating 

lllilllll oxide has TF-orked Tell in early tests conducted at  Battelle 
to tlie pebble-bed reactor concept. I n  using this ma- 

fuel, the incliridually coated fuel particles are evenlv ctis- 
in a matrix mczterinl such as graphite, and the dispersion can be 

nient~r and economically shaped into reactor fuel elements by 
e nlaSS production teclmiques. Such a. fuel appears particularly 

high temperature operation required for gas-cooled 
ting the need for temperature-limited metal- 

onstrated by the Oak Eidge National Laboratory 
in cost mag be achiei-ed in fuel eleiiients 

Jaminurn plate. These elements use uranium enriclied to  20 per- 
ii. in uranium 139 ~ 3 ,  - tlie t>--pe used by ninny foreign countries. 
i2fS2tOq and economical eleineiits result f rorn the use of disper- 

1J30, rather than a more conventional high-uranium alloy. 
it is estimated that a reduction of about 
n each core loading for a pool reactor. 

ion of the Argonne Kntional Laboratory's study 
onia as a ceramic fuel for water reactors led to 

zzmmdiate application in the Experimental Boiling Water Reactor. 
-dies of synthesis and f abrication of uranium monocarbide have 

int where this material is ready for in-reactor 
of configurations. This material can be cast 
to achieve a high density. Development of 
tinuing to allow its use in high temperature 

Y . . *  
,01111111.-.-)": * 

f 

rch Kith beryllium has confirmed the existence a t  tempera- 
E -- a h - e  1,260° C of a body-centered cubic phase of metallic struc- 
f -- - This structure may prore more ductile than the normal 

-"lW close-packed beryllium structure. An alloy containing up 
3e\-p]ol'::-q * 
s+ioll o f  l i g  

5 B 0 b b b i l  
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to 8 percent nickel showed this structure at a temperatbp,, 
approximately 1.OGO" C. 

,iL recent stucly at Oak Ridge Kationd Laboratory i1l~~icated, 
C'Y rear. potassiurn is one of the more attractive molteii metals f 

turbine-generator power sources for  space vehicles. I n  order. tc, il: 

tigate tlie compatalbilit ies of rarious container nlaterials lyitll tH,jl 

potassium, a testing program has been initiated. 
Ames Laboratory has found that dtra-hi$ purity yttriun, eal,.; 

high resistance to high temperature oxidation. and that tile Oxida* 
resistance appears to increase as the purity increases. 

The program on properties and characteristics of pressure It. 
materials has shown an unexpected result. It vas  found tirlrr 
vast amount of data on materials which are currently availal,le j, 

direct value for structures used for noll~luclear applicatiolls ,{ !, 
load and temperature histories are quite different from 
countered by nuclear pressure equipment. The type of ma teri:ilT 
needed are those to be acquired under test conditions simulatjnT*, 

k i n g  expanded to obtain these data. 
pressure equipment's actual service environment. The Ilroghr, c 1  

Control Uaterials 

A comprehensive research and development program on p ,  

rod materials is underway a t  the Vallecitos Atomic Laborat 
General Electric. 

Experimentation is leading to improved understanding of tfie 
tron current flow into control rods. Samples of all known klprr 
reactor control materials are being irradiated in a high flua: 
reactor. These measurements are providing useful informatiE I 

the alterations in control value of these materials to be expcctd 
the long-term in power reactor service. 

The need for these nieasurenients arises from the incomplete 
basic neutron cross-section data. For  example, it has been four 
dysprosium apparently will have a useful lifetime in a reactor :% - 

approximately twice the value given by the best estimates 
cross-section datsL . 

Moderator Nnteriab 

Studies at Brookhaven National Laboratory on graphite &- \.+pp 
tion of xenon 135, a fission product gas with a high cro-: 
neutron capture, have shown that 99 percent of the ps f 'lZ 

'Fanding programs 
% U o r d  on non-dest 
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incompletene uf 

s been found d i g  

I a reactor tliat 
Sirnates basd w 

lite at, elevated temperatures is held in the void I-olume 
l J o l ’ ~ s ,  : ~ n d  o d y  1 percent is adsorbed on surfaces. Pro- 
allue:tliiig irradiated graphite hare beell developed and 

bee11 ~~eterininect that even under Lmfarorable conditions, the 
,eKltllre range in v-liich graphit e reactions become troublesome is 

o C, n-hicli is %ell above the operating temperatures for 

nram has been initiated a t  Hanford to deTelop a graphite 
. . dilnensiond~ stable under high-teniperature neutron irradia- 
&! 1s :Ind to develop manufacturing processes for producing this 

’ Pit 
l.:1pliite has been evaluuted. 

e of fuel elements used in air-cooled reactors. 
77 r p  
t pQF 

*?’I‘ in quantities. 

reSSure bonding techniques were developed by Battelle Memo- 
I% P Institute for  producing fuel elements containing 60 to 90 volume 

&Bt of uranium dioxide dispersed in matrices of stainless steel, 
-MenLIm, niobium, or chromium. Dispersions of this type make 

Able high loadings Kith uranium dioxide and thermal conductivi- > 3 to 10 times more favorable than bulk uranium dioxide. 
Fuel elements clad in aluminum, stainless steel, and zircaloy have 

fabricated at  Hanford by ribrational c,ompaction of uranium 
*side. Tubular fuel elements and fuel rods of various diameters 

been fabricated using stainless steel cladding as Chin as 0.005 
some instances. Remarkably good performance has been 

mstrated with fuel elements up to eight feet long in irradiation 
 involving core temperatures to 5,000’ E’ and exposures up to 

megawatt days per ton. This development shows considerable 
a n t i c  promise and further studies are in progress. 
Gladding, McBem and Co. is perfecting a unique method of fabri- 
%flat plates of nuclear grade urania by rolling urania powder 
zistrips. Work to date indicates that the rolling process provides 
%hod of rapid production of high quality, uniform, dense urania 
csof precision dimensions, available in a wide variety of complex 
<!rations valuable for use in fuel elements. These urania parts 

made with length-to-thickness ratios that cannot easily be 
=red by any other process. 

r; 

.;sunding programs are in progress a t  Oak Ridge, Argonm, 
&ford on non-destructive test techniques for evaluation of 
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reactor fuels and materials. Excellent methods have bee 
for determining presence of defects, thickness of cladd. 
of core positions in fuel plates, and for identieing metal coRlrJ 
As one example, Oak Ridge Kational Laboratory perfornled 
series of measurements on the ~ ~ 1 1  tliiclilless of the 
vessel of Homogeneous Reactor Experiment Kos. 2 dmin,, 
These tests were performed remotely and did not reqaire disa 
of the core vessel. 

Chemical Processing Development 

Significant progress has been made in developing metha% 
cliemical reprocessing of spent fuels from lluclear reactoa. ~ G 

work may be more specifically defined as the conversion of irsdiz, ?=E 

ucts returnable to the Commission for credit, and waste pprxik I pr, 

uranium hexafluoride volatility processes : and ( G )  integrated - - I  ~~ 

fuel elements into products suitable for refabrication into fiIel, 

which can be stored safely. Chemical reprocessing is justified RL 
ever material can be recovered for a credit greater than the 
reprocessing. The three general approaches being f o!Ioxed 
aqueous processes with single or multiple dissolution facilitie;, . 

ess s  in vliicli a reactor and processing plant are built and 
as a single unit. 

O N b  

Aqueous Processing 

Aqueous processes are the most advanced in del-elopment he 
of experience gained in uranium and plutonium production ps 
grams. For  this reason, t'lley are being applied to reprocessing ciri 
reactor fuels. The basic concept involved in aqueous process6 5 
reduction of solid fuel elements to an aqueous solution, f o l l o a ~  b 
solvent separation of contained fissionable materials from each & 
and from dissolved fission products and structural niaterials. 

Long experience with solvent extraction techniques for  n l u m i n ~  
clad uranium and uranium-aluminum fuels has been gained at EZ 
ford, Savannah Giver, Oak Ridge, and the Idaho Chemical Pr 
Plant. With the extreme dirersity of fuel compositions (e+ 
conium, niobium, cliromium, nickel, molybdenum, graphite, ea 
etc.) being developed or considered for po-rer reactors, the 3 q e  
nitrate systems previously used do not alone suffice. Thk resab 
in the need for niultiple dissolution facilities vherein fuels c ~ J  ~ 

combined into groups having similar dissolution cheniistries, 

co13tility processiii 
@ium liexafluoride ai 
**?iIg metals. Urani 

&e other fluorides. 
~ ~ ~ ~ i ~ n  or adsorpt i on-c 
+ a of volatility over 
mber of process step: 

rolume of high level 
Argonne National 

q&- to civilian power 
d w y  reactor fuels. 
ES derked, considerable 1 

of formation of 17, 

ridi construction materi 
this species w11ic 

?~mmtaZZwrgicaZ Procc 
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Fagay processing 

fr  folatility processing, uranium fuels are fluorinated to produce 
m*x.,m hexafluoride and tlie fluorides of the fission products aiid 

Uranium hexafluoride, being much more volatile 
other fluorides, can be readily separated by fractional dis- 

Potential cost advan- -- of ~01,ztility over aqueous techniques result from the reduced 
er of process steps, and an approximate 30-fold reduction in 

43j11me of big11 level wastes. 
,bgonne Kational Laborat<ory, studies are being conducted to 

cidian pomx fuels the fluoride volatility process used for 
reactor fuels. Before a practical reprocessing nietllod can 
wl: considerable hiowledge must be acquired about the condi- 

of formation of volatile plutonium hexafluoride, its reactions 
nstruction materials, and the general proble~~is of handling a11d 

- this species which is highly reactive chemically. 

t‘ 

_ A U  

,n or adsori~tion-desorption processes. 

I 

- pponiet allurgical or low decontamination processes, also 
€3: e h d  cjcle processes, all operations in the fuel cycle from 
W a t i o n  through re-eariclunent and refabrication are per- 7 b remote control in a facility closely integrated with a 

reactor. This approach recognizes that tlie customary high 
4’5%2-61-7 .* 

5 0 0 b b -1 3 
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decontamination of irradiated fuels, followed by manu 

poiyer fI1 
in the military program from which it was derived. Tile cl%cl 
concept presents technical difficulties. 'C'deSs reawnable 

QrS with La fuel inventories such as fast reactors, O r  to those that 

of fuel elements, may not be as applicable to cixilian refatrib, 

can be shorn, its greatest application d l  be to react *fJr&& 

e!; 

5 

plutonium recycle or thorium-uranium 233 fuel systems ol?Q*- 

this demonstration, a stainless steel-clad uranium dioxide fue 104aL 

w I 

The first successful denionstration of pyro-processing of 
metallic fuels was completed in 1960 by Atomics Internat* 

irradiated to 7,000 megaGatt days per metric ton of upa 

declad through oxidation, reprocessed in three Oxidation-red 

irradiations. 

Breeder Reactor No. 2. 

I 

cycles, and prepared for the first of five additional 

A. pyrometallurgksl facility is integrated with the 

Environmental and Sunifmy Engineering 

The Commission long has recognized radioactive 
ment as an important factor in the over-all health and safety 
of the nuclear industq-. Accordingly, the Commission h 
a vigorous program which is aimed at developing methob 
mizing the release of radioactive contaminants to  the enri 

Cooperative studies are being carried out at  national 
and other Federal and private institutions on specific p o ~ i  
and water environments which may receive limited r a d i d m  
charges of low-activity and intermediate-activity radioactire 
from nuclear poKer operations. The waste disposal probla a ggj 
nuclear energy operation must be evaluated on an indiyi 
to fit variations in sites and inherent differences in nucl 

Ridge Xational Lahoratoq- was initiated during 1960. The p 
of the study is to obtain fundamental information on th 
chemical, and biologica1 dpamics of a ff owing, freshwater 
which is receil-ing large volumes of low-lerel radioactire v a s t s  
U.S. Public Health Service, the U.S. Geological Survey, t h  'I 
T'alley Authority, and the Tennessee Stream Pollution Cmt 
are actively participating in the program. Routine rnonito* 

A comprehensive field inrestigstion of the Clinch River belm f$I 
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that releases of radioactiT-ity to the Clinch River are 

permissible limits. This study Till determine the fate 
radionuclides released and will deTrelop a better under- 

f tile mechanisms of stream dispersion. 
t is being carried out jointly by the Califorllia Institute 

and Scripps Institute of Oceanography which in- 
dies on the orib& effects and fate of radioactivity intro- 

illto a municipal sewerage system. Last year, techniques were 
pd and a limited number of analyses made of cesium and cobalt 

centrations in the L ~ s  Angels  sewage treatment plant. 
itters such as strontium 90 and other isotopes are being studied 
oskstely 10 sewage treatment plants around the United 

ils me11 in the Los Angeles plant, not only to determine the 
bha;vior of the materials in seaage treatment plants, but, 

in evaluating the effectiveness of the Commission’s waste 
criteria applied to licensed operations. 

p~ereland Pneumatic Industries is completing a study of the 
ent of two sea disposal sites off the California coast. This 

&atails collection and analysis of biological, geological and chemi- 
gmples, measurement of water currents, photography of the deep 

, and testing a deep water buoy marking system. Initial 
se comprehensive studies have indicated that no radio- 

attributable to waste disposal operations can be detected. 
% Chesapeake Bay Institute of the Johns Hopkins University is 

tnnding of the New York Harbor system 
e mouth of the harbor. This study in- 

ation of a mathematical model which can be used to  
of any radioactivity introduced a t  any point in the 

e work involves an analysis of tide, current, temperature, 
information collected by the Coast Guard and collation of 

se in a computer. As part of this study, the Chesa- 
Bap Institute has developed a chemostat which reproduces in 

lemental biological systems and makes it possible 

mission has initiated an evaluation of all types of con- 
ntly used in sea disposal operations. One phase involves 

disposal containers with waste materials 
at random from waste packagers. The other phase involves 
flaboratory tests being conducted a t  the Southwest Research 
to measure the effects of pressure and impact forces on var- 
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ious variables of containers such as concrete thickness, collt - 

pressure relief vents. 
pressible space, amount and spacing of reinforcement k& 

Steel ~ 

locations off the Xorth Atlantic coast r e r e  coiiipleted earlg tilis w&jj 

eluded was a survey of a site in Massachusetts Ba? formerly u%d & 

Field investigations related to tlie feasibility of disposal in 

The studv was carried out through the cooperation and l)articiI,z 
of the U.S. Coast & Geodetic SurxF?  C.S. Public Health Sehk 
University of Connecticut, and U.S. Fish and TTildlife Sewice, 

fQ 

the investigations indicated that the locations studied could s " r ~  
receive up to 250 curies per year of strontium 90 or its q u i y  
Commission policy continues to require that solid packaged lyasteb 
disposed in water at  least 6,000 feet deep. 

A. later section of Part One reports on ConinGssion polic~r on int6 
land burial of wastes. 

disposal of limited quantities of packaged wastes. This survey 
reveal any radioactivity attributable to disposal operations. ~ ~ ~ t l ~ o k  da ,  

nigh Level T a s t e s  

At present the primary means of handling highly radimff3 
liquid fuel reprocessing wastes at the few locations where the!&% 
produced is to provide special underground storage tank f i w i ~ i r ~  
and appropriate monitoring. Approxini:iteI~ 15 years' eXperia 
has shown that  these systems provide n safe and practical me: 
of interim containment. However, because of the. nature o f  th 
particular category of wastes, including their loiig efl'tytire 1;; 
( n i e a s u d  in hundreds of pars),  and vollume { est,imated at a ia 
accuiiiulation of approximately' 65 iiiil~ioii gallons in IWI>, and 
coniparatively shorter life of the physical st rnctures containing 
\m,stes, it is possible to envision rz. potential liazard in this met 
of handliiig over the long-term. 

current research and derelopnient~ along the lines of transform 
these Tastes to solid form for long-term storage or disposd: o r p  
iiig the wastes in n geological enriroiiiiient which would sen-e ss t 
snfe, perpetual tank farm. 

Laboratory tests over the past several Fears haye inclicatd ZB 

technical feasibility of storing high level radioactive liquid 
in such geological formations as salt. Field tests to T-erify the la* 
ratory results and to establish engineering feasibility are W.ai& 
Such tests are presently being conducted in a mined-out pofi1@ 
the Carey Salt Mine near Hutchinson, Kans. In t l i s  p r o e m w  

Xecogniziiig this potential problem, tlie Conmiission is dim$-- 

rrep Disposal Exper 
d w t i r e  wastes in 
de of experiments 
doactive materials 

mnducted to detc 
r f ~ ~  the formation 
*rg~. Photo show 

 si^ 2nd neutralj 
-2e is stored in 1 

m. parameters are 
The temperature: 

kiflowed t lie p a t t er 
*&oretical calculati 
*a of the cavities 1 

s& that the results 
m r  tests and exp 

Fixation of radio, 
Mk volume of 11ig.1 
@hi ~ l y  immobile 
m! decreases t ~ i e  1 
W in solid fornl 



.'* l , , r p o s f ~ ~  Esperinie)it. To determine the feasibility of storing high-level 
r:lstes in abandoned salt mines, the Commission is conducting a 

-eril 
rsll~rimefits in 3 salt formation near IIutch"ison, Kans. Heated non. 

materials are used as simulative wastes. The experiments are be- 
,,o,i,lr.fN~ to determine whether there would be movement of the wastes 

I _  tilr formation 3nd what chemical or other changes the rock salt might 
cr: f r m t o  shows one of the underground test cnrities (foreground). 

+ I  

$' L 

CI- 

,( 1  leu t ix 1 ized 2 - year-old noli ra di oact ive simulated Purex 
;r i. .;tored in two  7.5 x 7.5 x 10 foot deep cavities and the var- 
~ , ~ l ~ l ~ l l e t e r s  :ire iiionitored. 
* tenlperntui+es in the system hare reached equilibrium and have 

1 the pattern predicted by laboratory research and subsequent 
re s id calculntions. Parameters still to be verified include migra- 
- 6 1 f  the cavities tl~el~~selves, and salt deformation. On the assump- 

tar the results of the field test will continue to be favorable, radio 
:-T tests niicl experiments are being con templated a t  another site. 

I L  of mdioi.rofopes in a solid form not only ~ ~ o u l d  decrease the 
ne of high level wastes generated but also would make thein 

L+r+ immol)ile. Immobility f acilitates iiiaiiagement of the waste, 
It is present l~ coiiteiiiplated that wastes 

solid foriii would be stored in an impervious environment 

fie Sational Reactor Testing Station (NRTS), a hot pilot 
bed plant to denioilstrate and evaluate the feasibility of 

tl*n to dr-j- solids of aqueous aluminum nitrate waste is nearing 

iF**reasea the 11az:lrd. 

.~ 
- s a  salt mine wider coatinuous monitoring. 
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completion and is scheduled for cold rw1s in the first haif 
This program will require the resolution of Sollie Severe of 15 
c.oncerning heat removal? encapsulation? and treatment Drc,t! ** 

cJfFI,, from fluidized k c l  operations. Though by 110 means insurrn hq 
(JUht$ 

tllese problems can be resolved only by engimering scale 
utilizing ~c tua1  wastes. hii 

zirconium ,zncI stainless steel fuels. It is expected that Similar i; 
dling problems will be encountered that are similar to th 

os3 o f f  
aluminum nitrate process. 

I n  the radiant heat spray calcination method used at bnr, 
simulated Purex waste is mixed and atomized with steam and.  i& 
duced into the top of a tower. The walls of the tower are ]le8tej 

passes through zones of radiant heat where the suspension 

Lw such that the atomized waste is completely dry before It hlbd 
walls of the torrer in order to preclude deposition of calcined 
on the walls and to eliminate operational interference, 

The solid wastes could be in the form of a fine polrder Qr 
utilized with a fluxing agent, in the form of a larger coagu]atd 
The solids and gases are separated at  .the bottom of the polu 

filters with the gases scrubbed with caustic and eshnustef~ 
building vacuum system. Though only assessed on a laboratom 
the preliminary results indicate the system's adaptability to 
in waste composition. Further studies are required on corrosion, g 
rates, effect of additives, and ruthenium and cesium behaiior. 

Studies have been underway at Oak Ridge on transformiq! 
radioactive wastes through use of a pot calciner to thermallFs& 
solid materials more suitable for ultimate disposal. The 
are heated to dryness, and the stainless steel cylinder s e m  fe 
final storage container. Laboratory experiments have been c w h  
with waste containers S inches in diameter and 78 inches long. 
rent resea.rch and development, is being conducted on the 0 f f - p ~  

aerosol problems of this method of calcination. 

ex per in 

f- 

Preliminaq studies hare been initiated also to evaluate 
bility of utilizing the fluidized bed technique to process lvaste ~~ a 

high temperature. The atomized liquid, in the form of small dprph b 

increased degrees of dryness. The configuration of tj] le spra: &j 

-it present, some intermediate level wastes are being d i sped  si 
the ground at Hanford, Oak Ridge, and Savannah Rirer. 
this operation is carefully controlled mid nionitored bF the ene 
use of monitoring we11s in the ares. concentrations of 

bg level xastes a 
,bar primary trea 

Laboratory wlii 
e dissolved rad 
it possible to  o 

m t i u m .  In an effc 
m h  and developir 
m! rnd spthetic res 
$ d a r  programs r. 

E-& in an effort tc 
esro predict operatic 

kdies directed ton 
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in surface waters are, on the average, several orders of 
b&x acceptable levels. Research and development con- 

eTolve met8hods of handling these wastes nllich niq- make it 

research which has had enconraging results is a method 
,,l,r~rofracking” being invest igrated at  Oak Ridge, Xational 

ocess, the intermediate level waste is mixed 
to form a grout. The mixture then is injected into a spe- 

ared well under high pressure. The chosen geologic strata 
at the predetermined elevation by the high hydrostatic 

,intained on the grout. The grout continues the fracturing 
m until the entire volume of waste has been “consumed.” 

~ is maintained on the systeni until the grout solidifies, fixing 
te in an impervious geologic stratum. To date, approximately 

s of simulated waste containing radioactive tracers have 
The geologic forma- 

ii currently being probed in an effort to evaluate this method in 

RELAmD ACTIVITIES 

to dispose of them into the ground. 

fimentally disposed of by this means. 

t the results of future tests. 

nee. 

leased to the environment either directly 
. Research conducted at Oak Ridge Na- 

which utilizes a lime-soda treatment for precipitat- 
Inclusion of clays in this process 

*+it possible to obtain up to  95 percent removal of cesium and 
-z-:i~n 111 nn effort to accomplish still greater decontamination, 

md development efforts are exploring the use of specific nat- 
-- d syithetic resins. Results obtained to date are encouraging. 

‘Iar programs are conducted a t  Hanford to evaluate ion ex- 
I n  addition, various Commis- 

nd contractors are engaged in bait ion exchange 
~ I I  in an effort to gain better understanding of this phenomenon 

!he dissolved radionuclides. 

capabilities for specific waste. 
inder serres for 
tve been rondw 

- P : ~ B  predict operational characteristics. 

d nevv- and improved systems for control of 
s and particulates in gaseous wastes are 

as improved high capacity filters for  iodine 
31 and equipment for filtration of particulates a t  high tempera- 
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Meteorological research by the 1-3 Teather Bureau at ~ 

of the ability of the lover atmosphere to disperse po]]at,r,t 
Commission sites is centerecl around obt aining a k t e r  unc~epstari,i ?+VC 

ability affected by topograpli~. temperature conditions, and ti ---\ 

air as determined by barometric conditions. Hi& 

OPeratts tt tinuing on aerosols and filtration del-ices which will 
lower resistance to air flow, and with high efficiency at lolyer 
costs. A simple electrostatic fluidized bed for cleaning sLlpplu . ail being developed based 011 work at tlie Unirersity of Illiiiois 

li, vard University. 
The Harvard *4ir Cleaning Laboratory eraluation of an incineel 

developed for burning solid combustible radioactive n-aste a,tk- 

has been completed with analyses of its combustion cllaracterk 
and air cleaning system. The device will burn about 20 PoullQ 
mixed Taste an hour. The nest step is to develop and mnstb3 
commercial prototype for field testing. During the past year, eftt 
has been concentrated on developing the air cleaning System. 

I n  the air cleaning program? fundament a1 ckrelopinent i- h %  

RESEARCH AND TEST REACTORS 

Test Irradiation Services 

Kew and untried reactor fuel niaterials as well as reactor struakQ 
materials, moderators and coolants, must be tested under con~tioE E 

radiation and temperature n-liich simulate those experienced in o p R  
ing reactors. such characteristics as corrosion resistance, mechap& 
strength, and good thermal conductivity while exposed to ra&aea 
must be determined. The ability of a proposed fuel material to 
undesirable irradiation-induced changes, as tested in a reactor, 
almost invariably form the final basis for its acceptance or r e j h  

Most fuel and material irradiation tests in tlie United Statesbs 
been conducted in the Rlaterials Testing Reactor (hlTR) , which 
critical in 1952? aiid the Engineering Test Reactor (Em), a 
began operation in late 1957. These two test reactors, both a1 1% 

Kational Eeactor Testing Station in Idaho, have performed imb 
tion services for inilitary as well as civilian reactor projects. k- 
are high neutron flus reactors, although the larger and more adTi1 

ETR has a greater rariety of fluxes than the MTR. (Xeutron 
is tlie intensity of neutrons in a given region of a reactor to  IT^ 
compoiients and materials maF be subjected. This region p 
eiirironnieiital conditions similar to conditions in reactors for 

A 1  
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onellts and materials are intended.) The ETR prorides 
es v-ithin the reactor fuel core, a feature not included 

alld ETR, which have fluxes up to about 5X1014 new 
re centimeter per second, operate on established sched- 
r regular shutdowns to insert or remove experiments and 
ent, and to replenish or rearrange fuel loadings. The 
titre is to provide the most intense neutron flux for the 

ercentage of operating time. With some materials, three 
OSllre in the high flux UTR or ETR is equal to two or more 

. 2n actual power reactor, which generally operates in the low ** In e 

f p  for performance of test irradiation services in addition to tllose 4 
out in the MTE and ETR. From the 11 proposals received, 

‘ssion selected in July 1959 the proposal of The Babcock & s- h d  
c f l  G., as a basis for contract negotiations. A portion of the 

Toposed reactor space was to provide the Commission with 
on services in the low and mid-flux ranges. Anticipated 

as estimated earlier by industry for test re- 
failed to materiahe, and the negotiations were mutually 

mated ~ J T  the Commission and Babcock & pT7ilcox on July 8, 1960. 
Fg Con&sion‘s needs for test irradiation space, materially un- 

since the start of negotiations, will be met in existilig and 
Comiission reactors and in two privately owned test reac- 

e in operation. They are the Westinghouse Test Reactor at  
~2~ ~ ~ 1 1 ,  Pa., and the General Electrict Test Reactor i t  Pleasanton, 
-i Expected industry demand for space in private reactors has 
mrerialized and this situation makes additional space arailable 

kr~ponse to the 1958 public invitation, industry made no pro- 
d for building a test reactor capable of producing neutron fluxes 

ter intensity than those in the MTR and ETR. The Commis- 
weds for high-flux irradiation space will be met by a Govern- 
h i l t  advanced test reactor authorized by the Congress. The 
tual design study for this test reactor was done by Phillips 
um CO. The nev  reactor will be known as the ,4dvanced Test 

i-iTR)-a 950 Mw (thermal) reactor Kith a ribbon of fuel 
in a four-leaf clover configuration. experimental loop 

mnnillg vertically parallel to the fuel region, is provided in * of nine flux concentration zones, providing an eve11 greater 

- 

- iunl flux ranges. 
Q ,;rsJ @tober 1958,11 the Commission inrited industry to submit pro- 

+risl s- 

- ’ -L 
Annual Report to  Congress for 1959. 

5 0 0 b b 8  I 
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va.rietv of fluxes LIP to IO15. 

St a t‘ ion. 
Phillips Petroleum is responsible for conceptual &sign 

Serl-ices Inc. n-as awarded the cont.ract for architect- 
serrices: Babcock & n’ilcox wi1 be subcoiltractor to Proride ~~ 

in designing the nuclear portion. Construction is scheduled tu 

The new reactor Fill h, 
cent to the MTR-ETR coinplex at  the Kational R eactor ‘re 

W r i & $  

by Riarch 1961 and to be completed in 3 years. 9& 

Other high flux reactors. Research and development work 

Laboratory aiid on a High Flux Isotope Reactor (HFIR) t 
at  Oak Ridge h’ational Laboratory. A site for the NFI~ ,  irr ~ 

point of safety by the Adl-isory Committee on Reactor s. f 
Construction of this IO0 MW reactor is expected to start l a b  in ~~ 

on an Argoiine High Flux Reactor planned for Argomle W%,, xatia, 
O b e t i h _  

‘l %ugg 

hfelton Valley at  Oak Ridge was approved in Akugust from tile ~ hE 

7; 

Programs In Support Of Industry 

QGiL 
The Commission during 1960 reaffirmed its policy of using 
facilities for  needed services and supplies wherever practial, 
curtailing its services or supplies to  industry whenever m- 
sources become reasonably available. The Commission irnprord ~ 

increased its information services to industry, declassified fU& 

broad areas of information, and simplified its access permit p w  
A manpower survey conducted for the Commission counted 
persons employed in atomic energy activities and estimated some k 
ture needs. These developments, recent activities in the c o r n e  
field and added Commission assistance to industry, are s u m m e  
in this portion of the report. 

All Coniiiiissioii activities, except those directly related to m e s p  
hare the potential of contributing to industrial progress. ”lie B 

especially true of the broad research prograins in the life and pb+ 
sciences-this year the subject of a, special report to the C o n p = -  
Kliich help expand the basic knoll-ledge on which the industF z s  
its safe operat ion are f oundecl. 

la “Atomic Enerm Research in the Life and Physical Scfences”-l960, S u p e r i n t e e  
Documents, Government Printing Office, Rashlngton 25, D.C., $1.25. 
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velopments in the eff ort to achieve economic p rduc -  
wer have been described in the preceding chapter. 

f this report, separate sections deal with civil uses of 

1960 included the following actions and deyelop- 

again reduced prices on two key radioisotopes, 
n carbon 14 and from 30 to 70 percent on cobalt 60. 
also proposed to  alter its regulations to permit use of 

in instrument dials under general license. A 
,,ice Eduction for the stable isotope helium 3 also was 

established to test and demonstrate the technical 
1 feasibility of extending the shelf life of certain refrig- 
by irradiating the foods. 

Commission plans to use space in two privately owned testing 
to complete its requirements for low and intermediate neutron 

esperiments with nonnuclear high explosives were carried 
,increase knowledge of crater formation in planning for possi- 
ilfllR cijj]  uses of nuclear explosives. 

business' share of Commission subcontracts increased from 
Kent in the fiscal year ended June 30, 1959, to  a.1 percent in 

r i n g  fiscal year. 
iminaq  steps were completed looking toward take-over by 
States of responsibility for licensing and inspecting certain 

ips of atomic energy activities. 
t .t!,-,t.d of 584 personnel of the Commission and its contractors was 

le to respond to local cdls in assigned areas whenever help was 
rcl in accidents believed to involve radiation. 
Commission inaugurated a program to develop techniques for 
ructive analysis of fuel materials for  reactors to  assist in com- 

"P Kith the requirements for  maintaining safeguards against 

k i n a a  were held to inform public carriers on the transportation 

es and radioisotope and radiation applications. 

' 

3 
I 3 

n counted 15:.m 
stimated some 
in the commercii 
T ,  arc. sunini~rize 

+on of fissionable materials from peaceful uses. 

3,;eristics of atomic energy materials and products. 
- - 

~ 

POLICY ON COMMERCIAL SERVICES 
-1960, Superintea&' 
i1.25. 2 - :~-ing out its statutory responsibility to encourage widespread 

'$m~cenergJr in such a manner as to  strengthen free competition 
= yTateenterprise, the Commission has maintained a firm policy B ~~ - 
3 F* goods and services from private industry wherever prac- 3 - - 
B 
is 
- ~- 



See PD. 13.g-93, Twenty-third Semiannual Report to Congress (July-Decembr 
PP. 61-63, Ta-enty-fourth Semiannual Report to Congress (January-June 195s). 

l4 See Appendix 18 for test.  
'' See P. 14, Twenty-fifth Semiannual Report to Congress, (July-December lgjgi- 

The General Electric Test Reactor at Vallecitos, Calif. and the WestinFhom 
Reactor at Waltz Nill, Pa. 
these reactors. 

The Commission also is obtaining irradiation Eenirnm 

CLZ - 
=- 
= 
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tical.ls The Coniniission redeclared this policy in February ~~ 

when it responded to inquiries from the Chamber of Conlmerce PR, 

United States, the K'ational Association of BIanufactureps If t t  
and Manufacturing Chemists' Sssociat ion concerning the Cowi:. 

application in its operations of Bureau of the Bud, '9%- net BuUetifi gpL 
011 "Coiiimercial-Industrial Activities of the Gorernment p 

Pori$, Products or Services for Governmental Use.'? l4 
The Commission has consistently maintained two broad 

Polici,, one, that it will supply with its o m  facilities materials and 
%%% needed by industry only to the extent that they are not  avGIG 

needs, it will procure goods and services from private indu 
ever practical. 

li 

commercially at reasonable costs, and two, that in meeting its f: 

1954 made possible the participation of private industry in 
The first policy has been in effect since the Atomic Enero  

opment of nuclear power. &4s private industrial capacity h 

w into being, the Commission has withdrawn from providing a n 
of supplies and services, as announced publicly from time to t h e  
described in the Semiannual and Annual Reports to the con& 

In 1958 the Commission issued a listing of materials and serr;4, 
which it would no longer provide, since they were then available fhg 
private industry.15 As early as 1956 the Commission annomwdt), 
it would permit the use of Commission-owned test reactors forDa 
Goverimient purposes only if privately owned facilities were 
available for the irradiation services required. T'STith industrial &5 
ation facilities becoming available in 1960, the Commission, in ~ 6 %  
1960, reaffirmed its policy of not performing irradiation sen-ice & 
commercial firms if privately owned facilities me reasonabl~ 
able. The announcement also extended this policy to foreign *+ 
meiit s. 

Tlie Commission policy of utilizing to the fullest practical ~SS 

the services of private business enterprise in carrying out its T& 

programs has been fundamental since passage of the Atomic Eeev 
Act of 1946. &4t its inception the Commission turned to p s r a g ~  
dustry to construct and operate its major facilities. Government 0- 
ership of these facilities vas  essential, since no reasonable a a ~  RFS 

e 

~ 

. . .  
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to provide adequate incentives for private inr-estnient in 

f the Atomic Ener,qr- Act of 1954 opened lien- opportuni- 
strial participation in the nuclear field. Specific respoiisi- 
1ltifTing industrid activities, including those performed 

Khich lend themselves to performance by private 
alizd within the Commission tlie following year. 

ent with the development of private capability, tlie 
s taken a number of steps directed toward enlarging 

mercial participation in Government fiianced pro- 

continued use of existing Government facilities is 
essag in the public interest for the production of fission- 

e assembly of weapons, and the conduct of most ad- 
nd del-elopment, the facilities and skills of private 

are and d l  be employed v-lieii they are adequate to carry out 
activities in the military and peaceful applications of atomic 

rate required to attain national objectiv-es. However, 
ercised in discontinuing a specific government activity 

tllat. related activities n-liicli are closely intepated do not 
suffer in development, cost or efficiency by reason of the 

,zr industry, the tempo of technological developments 
illstances does not permit establishing precise specifications 

me of repeat orders necessary to attract investment of 
rr3re cnpital in the specialized facilities, equipment, and personnel 

*recl, Consequently, there still remain areas of the Commissio1l's 
mature to expect that such work can be procured 
ry on a competitive basis. Konetlieless, as the 

it energy industry grows, there will be areas of activity appro- 

Tie Commission has directed its field offices and operating con- 
In implementing the policy, decisions 

w e  materials or services from conimercial sources rather than 
Government-o~ned plants will be made whenever i t  is reason- 
nder the p d i q  to do so. 

RELATED ACTIT'ImS 

--ate for transfer from Government to private operation. 

s policy. 

COMMERCIAL ACTIVITIES uly-DecPmbw f 
une 19551. 

?ember 19.59 ). 
? WestinghouW Td 
liation semi- f* 

Ggft.;Crl Lab oratories' Contracts 

derelopnient. work conducted for the Commission by pri- 
has toll- # :ndustrisl organizations largely in their own facllltles . . .  
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tinued to increase. I n  the fiscal year ended Julie 30, lgco sented 26 percent of the $361.7 million spent bF the c onllrij . . ; l ~ ~ ~ =  it  

'* f: such work and an increase, from $75.9 million to  $94.1 l~ljlliori 
' CJf ~ - ar. 1; distribution of these funds for the past t h e e  fiscal years is shr 

percent, over the amount so spent in the previous fiscal 

the following table : JR 

I 

a These totals do not include depreciation! on B C - o ~ n e C I  facilities or spedal> -. 

materials consumed. 'Such costs are included in  COS^ reported for reactor cve:Fz 
work in the Annual Financid Report, Appendix 21. - 

Commercial Processing of Fuel 

Orders placed by the Commission and its principal contrachE 
commercial sources for the conversion of uranium hesaflourih 
materials suitable for fuel elements, and for the fabrication of < 
elements, rose from $41.4 million i n  the year ended June 30,1 
$52.4 million in the year ended June 30,1960, an increase of 26 

These amounts represent, in large part, orders for cores of mR 
reactors. The Deparbment of the Navy transfers funds to the ca 
mission for procurement of all shipboard reactor cores. Escln& 
the orders for naval purposes, the awards tataled $2.8 million for k g  
year 1959 and $3.8 million for fiscal year 1960, an increase of 
percent. 

&4n indication of the extent to which procurement from co 
sources has increased also is given in the following thble which &m 
enriclied uranium furnished in the form of uranium hesnflouride 
pared with that fuimished in a form requiring processing in €b 
mission facilities : 

'F 
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E S E ~ ~ ~ E D  URANIUH FURXISHED TO ALL SOGRCES 

Excluding the Weapons Production Chain 

Fiscal Years (liilogams of uranium) 

1956 1957 1958 1959 1960 
t.F 

2,400 10,OOO 45,000 116,600 89.W 

(r beyond the uranium hexafluoride stage in Commission 
1960, 96 percent was processed beyond this stage in com- 

lmts--86,2O0 kilograms out of a total of 89,600. 

processing of Fuel 

]ant. At least two other companies are studying the desira- 

g&ough services of this kind now are offered to reactor owners by 
*Commission, suitable privately owned facilities are a key require- 
st for a self-sufficient nuclear power industry. 
Tomrd the end of the year the Industrial Reprocessing Group 

rb&m Chemical Co. and five utilities) were in Phase I1 of their 

wces, all of which heretofore have come from Commission- 

97 
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Two other private organizations, Battelle &felllorial Institute 

nium under Commission contracts which did not require a l ieezk+ 
Nuclear Development Corp. of America, also hare fabricated . ?  4rfI 

-. 
Changes in R e a c h  Statu3 

As a result of the reorientation of the Aircraft Nuclear p 
manned aircraft program, the Georgia Kuclear Laboratory 
an unshielded reactor operated for the Air Force by Lockheed at be* 
sonville, Ga., no longer was required in support of the pro@ t~ 

Tb facility remains operational but on a limited standby basis, rbL 
these arrangements, Lockheed has applied for  8 chnrnissioll l i c ~  

"UrlKR, 
to operate the facility for both Government and commercial 

Two other facilities, the Air Force R'uclear Engineering Test FQz 
ity at  J?Triglit-Patterson ,4ir Force Base, and the Curtiss.\T% 
reactor a t  Quehanna, Pa., were built in anticipation of requipd 
port of various proposed nuclear powered systems. Since @P 
ments have not progressed as rapidly as forecast, the need for 
facilities has been deferred. The Air Force-Xuclear Engineerin, 
Reactor will be placed in a standby status after initial startup b 

checkout for proper operation. The Quelianna reactor has -- 

rOPQl$@ 

donated by Curtiss-Wright to Pennsylvania State University, 
25 miles away. Curtiss-TT'right activities in the reactor and isotQp 
fields, formerly located at  Quehanna, hare been transferred to 
Princeton, N. J., Division. 

COMMISSION ACTIVITIES 

Standard Lea36 Agreement  

On Marc11 1. 1960, the Commission put into effect a new s t m w  
lease agreement covering all special nuclear material distributd B 
licensees. Except with respect to material in neutron standarh & 
tributeci by the Kational Bureau of Standards. At the same tim 
the Commission modified procedures followed in the leasing of m 
terial. These actions were intended to improve and clarie t l iw 
functions of a business nature which the  Commission must c a ~ e s  
in distributing and accounting for special nuclear material. 

The new lease does not alter or affect the rights or obligatio= d 
any Cornmission licensee under its license or construction permit. 
standard prorision of the new form is an expiration date of June 
1963. The uniform expiration date was established to proride 8 * 

Commission 
&ne"Licensing c 
thrified and simplii 
for nuclear reactors 
me first revision 

m&ble prior to  iss 
&ion of the site 
-&on of roadaa 
dmmponents of t 
d temporary built 
&ties other tha 
&a house a medical 

The second revisic 
LWS~ under circu 
L kued because co 
&,R experience at 
f a t u ~ s ,  component 

third revision t l  
"elear that i t  is C C  

578672-61-8 
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enrlT re-ernluation of the Coinmission's ternis and conditions 
a' $&b i5triIjtlti11m special nuclear material in the light of changing 

alld circumstances in a nevi- industry. S t  the uniform 
date the Coniniission intends either to renew existing 

~ -p9ti011 
$: or to offer lessees an appropriatelrr amended agreement. 
4+,ne11t- e,nd of 1960, about 9s percent of material with licensees the 
'Itgd R t  486 4 

million was brought under the new agreenient, and the 
was expected to be brought under it shortly. 

meement is expected to facilitate lessees' dealings with -op nev fl, 
Goremment not only by standardizing lease arrangements but 

9 clarifying responsibilities and establishing procedures in 
by 

@ detail than had been available previously. Administrative 
*ions s@ relating to the lease of special nuclear materials have been 

tTylized in the Oak Ridge Operations Office. 
@' &ted action in ,4pril 1960, the Commission published in the 

Register base charges, special charges, specifications, and bs 

information for uranium hexafluoride. Although the base 
eretofore had appeared in public releases, the specifications, + 1 c-iarges and packaging information, referred to in the stand- 

P 11 
-e* :$&lol@@- 

&&de 

k21se agreement, had not been published previously. 

;-ddjim and Indemmification 
=- 

ne Commission adopted two revisions to Par t  50 of its regula- 
-uLicensing of Production and Utilization Facilities"-which 
as .;fied and simplified procedures to be followed in obtaining licenses 
%nuclear reactors. 
ne first rel-ision made clear the extent of construction work per- 

suance of a construction permit,. It allowed prep- 
&on of the site for construction of the facility, including con- 
g&on of roadways and utility lines, procurement and manufacture 

ponents of the facility, construction of nonnuclear facilities 
dings, and construction of buildings to be used for 

et-ities other than operation of a reactor even though they may 
use x medical or research reactor. 
second rerision provided for issuance of a provisional operating 
under circumstances where a final operating license cannot 
d because construction has not been completed, or limited oper- 
sperience at  limited pon-er levels is necessary to test certain 

Par t  50 proposed by the Commission mould make 
'.+rthat it is Commission policy to issue provisional construction 

s or characteristics of the facility. 
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permits, even though theremay exist at  the time of issuance un 
safety questions relating to important design features 9 Provided tf-* 
a research and development program will be conducted which. 

P%.4pG 

1s 
sonably designed to resolve the safety questions. The intent of a: 

pending a final court decision in the case of the construction art $g 
&R@: 

issued to the Power Reactor Development Go. which nOR if, 

proposed revision is to prevent unreasonable delays, which 1% 
tq$ 

1 to 3 years in construction of most developmental reactor projqI 
pending resolution of all substantial safety questions. Nowever, Ii.: 
action has been taken toward issuing this third revision of p 

litigation. 
The Commission continued work on two studies directed towad ~ 

tablishing safety criteria for reactors which would provide advab 
guidance for organizations in designing reactors or in c h m ’  - 
for them. Both studies were nearing completion a t  the year’s end 
central problem is to determine whether development of reactor 
nology has reached a point that would permit delineating 
safety requirements either for design or for sites. Specific Cdkrir 
could have both adrantages and disadvantages. Knowing in drab 
the specific safety criteria which the Commission would apply RoG 
enable reactor-building organizations to plan with more assu- 
and with a firmer estimate of costs. A t  the same time, fixed cpjtea 
during a period of rapidly evolving technology could place o&twk 
in the way of innovations in reactors that might accomplish ndg 
economies in construction and operation. Establishment of efitek 
would in no way relax the Commission’s requirements that its 
and safety standards be met. 

During the year the Commission also notified applicants for f a c l h  
licenses of specific procedural steps to be taken in licensing act& 
and their relation to project schedules. The Commission established, 
after consultation with the applicants, tentative schedules for r p  
latory actions designed to prevent necessary procedures from camkg 
delays in re‘actor construction and startup schedules. 

A complete revision of Par t  140, Financial Protection Requireme& 
and Indemnity Agreements, vas issued effective May 7,1960. I n  ks- 
ing the revision the Commission made i t  clear that those sections G! 

the regulation relating to financial protection required of those 1icens-j 
to construct and operate reactors would be re-eraluated in consulbtig 
with licensees and the insurance syndicates concerned. A conferem 
for this purpose was held October 11,1960, and at  the end of they& 
the Commission was considering recommendations on the repifti& 

1% siq 
‘ Q e  

INFC 

Through further ‘ 
@ion of increased n; 
red technical films, : 
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rs 1960, the Commission announced a policy for land dis- 
ioactive wastes. It prorides for  permanent land-burial 
packaged radioactive wastes only on Government-owned 

ulder long-term Government control, to assure adequate pro- 
ublic health and safety throughout the period of any 
ard. Interim sites initially selected, pending possible 
ion of permanent land-burial sites to serve various areas 

ecomtq,  are on Federal reservations a t  the National Reactor 
Stat.ion in Idaho and the Oak Ridge National Laboratory 
in Temwst?k?. The new policy is not expected to affect com- 

isposal activities being carried out under Commission 
xcept as convenience or economic factors may influence sea 

fims to use land burial facilities. 
atomic energy industry establishes the need 

site, the Commission expects that State governments may 
and control sites for the benefit and convenience of 

el wastes to which the policy applies include broken 
aboratory paraphernalia, and the like. Such 

ackaged to meet the Interstate Commerce Commission 
able for burial at  the two designated sites. 

ortation casts. Charges for burial will be at 
foot with a minimum charge of $21 for 30 

aged wastes. Details regarding this service 
@&lable from the Manager of Operations at either the Oak Ridge 
rId&o Operations Office. 
H$rh-lerel wastes from the chemical processing of irradiated fuels 

continue to be stored in specially designed underground storage 
& ats Commission sites where these elements are processed. 

&related amendment to Par t  20 of the Commission’s regulations 
amits Commission licensees to continue past practices in burial of 
a i r  om very low-level wastes, but prohibits issuance of licenses to 
&re wastes from others for disposal on land not owned by the 
k k n l  or State governments (see later section on “Waste Disposal 

imission est ah1 islid 
schedules far xyp- 

edures from cau~iw 
?S. 

-ec ti on Requi remezt - 
l a y  7,1960. I n  im 
hat  those sections d 
ired of those l i w ! : d  
uated in consu1t;lt 1~ 

rned. A corlfCmbfl* 
t the end of t h L  F S r  

ns on the repuletine= 

INFORMATION FOR INDUSTRY 

“rough further declassification of technical information, publica- 
of increased numbers of reports, abstracts, books, translations 
t&ical films, and revision of access permit categories, the Com- 
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mission continued during 1960 to enlarge and il1iprove the ayailalii; 
of technological material to the atomic energy industlT. 
activities are detailed in Part. Two of this report; onlr ]ligldiwl 

b it& 
summarized in this section. 

The nex- Classification Poliq- Guide, issued in Januarj, OPelled 

entire areas of inf orination previouslF classified-f or exarnple, ‘11, 
chemical eiigiiieering activity relating to atomic enern .  Tile 3: c ~ t 6  

gories of classified inf orniatioii preriouslyv requirillg access per&+ 

ments were declassified. 
interested industry were reduced to 2. Some 5,000 additional Its dr ir, 

press. Engineering drawings of atomic energy equipment were ~~~~ & 
Four  new teclinical books were published, and six others lveRf 

ann*- available through a commercial source. 
chiefly Russian, documents were translated and placed on sale, Ts 

@Pk new professional-level films were prepared. More than 4,000 
of classified reports, and 150,000 unclassifieci reports Were soid 

! flq 
more than 5,000 new unclassified reports were placed on sale. 

Some 300 foreign 1 

Gus Centrifuge Information 

The Comniissioii initiated late in I D G O  a reyision of its remlation 
access permits (10 CFR 25) to allow private industry to work in t5% 
classified area of gas centrifuge separation of heavy isotopes. 
action was taken after industry informed the Commission tilat 
believed there was subst antial commercial potential in using 
centrifuges to piw-ide enriched fuels (enriched in uranium 2351 far 
reactors. 

Under the proposed amended replation permitting indx* 
access, incliistrF could use its own funds for derelopment work in 
field, and, under appropriate safeguards, retain the benefits of & 
acliierenients. The amendment is a necessary first step toward est& 
lishing a basis for a comniercial serrice to provide enrichment e! 
f uels-a serrice n0-s provided only by Commission plants. 

The gas centrifuge was one of the methods investigated during tk 
war-time program for producing weapons-grade uranium 2% mi- 
centrations. TTTlien derelopment work at  that time indicated ti& 
method v a s  not ready for use in producing the required quantitia z-2 
grades of urtuiiuni 935, work on this process was discontinued 
pornrily, and the present gaseous diffusion process was ernphas~2 
Work on the gas centrifuge method was resumed in 1953 in the rnitd 
States and has been expanded gradually as the technolo,qr adrmm2 

Scientists in otlier western countries also hare  been engaged in + 
T-elopniental work on gas centrifuge separation for many ~ 3 ~ 4  ’ 
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is to find a clieaper Kay to produce uranium 235 for tlie 

:o:ijor low enric1iments required for most t-j-pes of nuclear power 1; t i d X  
@ '  ,j all~i to eqiand the sources of fuel supply. The gas centri- 
p,. tOI 

1 Il1e tllod also could kid use in siparating plutonium isotopes, 
f@ 033-uranium 235 mixtures, and other stable isotopes ~ i o v  
*.*$11 ,,nilable only in siiiall quantities b? electromagnetic separation. 
,J& ' tific effort aimed at  lowering the cost of nuclear fuels also ssien 

eJ--elop the capacity for producing highlj- enriched uranium 835 
d a d  3 

~ in nuclear xeapons. It is impossible, horn-ever, to fix a precise 
;tlr 11 
*'- zclleduIe when this niight be possible by tlie gas centrifuge method 
$@ of the early stage of development and uncertainties in the pace 
g@U= 

d: t e c l l n o l o ~  of gas centrifuge separation is not now developed 
int There this process can produce uranium 235 a t  a cost com- The 

elpo How- &' rejections of possible gains in the gas centrifuge process indi- 
pssibility that the process may become. attractive from the 

doic standpoint in the future. This would come only after very 
e t  -Wyntial further advances in centrifuge technology. For the 

States, the gaseous diffusion inetliod remains tlie most eco- 
=aiai process for large-scale production of uranium 235 a t  this 

Tile Commission's research and development program on the gas 
i:fi~lge sjstem is described in Part TWO under Production of 

Suclear Materials. A statement by Chairman John A. Rlc- 
011 the gas centrifuge, and a Commission report on the current 

f gas centrifuge technology, made public in December 1960, 

ossible advantages of the gas centrifuge method are its low 
-3rernent for electrical power and its requirement for fem-er units 

ries in order to produce the necessary enrichment. The United 
w s h a s  kept abreast of advances in the gas centrifuge field outside 

Eli program. Because of its potential significance to production 
~ mpons materials, the United States program is classified. 

to adm-mcl industrial and technical resources would be 
d in order to develop and build within the span of a f e v  years, 
ntrifuge plant able to produce enough enriched uranium for an 
w n i c  Keapon. To achieve such a production capability, it 

he necessary to install large numbers of centrifuges in a complex 

tkts in West Germany and the Netherlands have worked to  
w h e  potential of the gas centrifuge process for its interesting 

commercial possibilities. They have been particularly 

qp&Poloa- 

. .ve Iyith the product from the gaseous diffusion plants. 

-9 

- 
3%. 

ncluded as appendix 20.) 
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interested in the potential of the centrifuge for the production 
enriched uranium for civilian research and power reactors. 

I n  July 1960, representatives of the Department, of State and 
Of h k  

~ 

ges 

Fik 

Atomic Energy Commission discussed centrifuge technology Jvittl ~~ taE 

IVest German and Xetherlands governments in conllection "-it& 6 

era1 discussions on the peaceful uses of atomic energy. 

consideration to the control of gas centrifuge ~lmolo,rrg. 
ernments of these two countries shared our concern over th 
tion of the centrifuge process for weapons development, 

The United States also has discussed the gas centrifuge quest. 
1% with the United Kingdom. Both the United K i n g d m  and can% 

follow classification criteria similar to those of the United stu Qs ri; the gas centrifuge process. 
The West German Government announced late in 1960 that i t b  

e @  
taken steps to control the dissemination of information on th 
centrifuge process. The United States understands that the geaer. 
lands Government is actively studying the question of applying 
trols to its work. 

Many of the civil reactors planned or in operation throughout 
-world will produce materials mhioh can be used in nuclear weam 
The United States has supported broad international action to hm 
that nuclear material used in civil programs is not diverted tom& 
tary use. 

The General Conference of the International Atomic Enew 
Agency, which met in Vienna in September, endorsed proposed & 
guards to apply to reactors and special nuclear materials that 
subjected to IAEA controls. The principles of these safepar&= 
be extended to apply to the gas centrifuge. 

The United States asked that Germany and the Ketherland 

The mv* 
e mpii@- 

Reactor Physics Data Centers 

AS a means of providing a centralized source of information@ 
neutron cross section data needed by reactor engineers, designers, ad 
physicists, the Commission has established a Cross Section Evaluakk 
Center at the Brookhaven Xationsl Laboratory. Information 2p- 

erated a t  the center. r i l l  be available to  the nuclear industry. 
The basic Torking unit a t  the center will be the recently-fod 

Neutron Cross Section Evaluation Group, which mill evaluab 
section measurements and make theoretical extrapolations of the d* 
The services of the group will also be available in de t eknb@ f 
completeness of measurements in various areas and know]@dP' '* 
planned experiments to improve and broaden measure men^ larn' 

~n keeping witl- 
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The infomation processed bF the group will be obtained from 
f ~ ~ l i ~ o n  laboratories and other facilities engaged in neutron cross 
1' . Jneasurement studies. 
*%f1011 

5% comission?s A d r i w q  Committee on Reactor Physics will 
consult ant body and assist in establishing priority assign- The 

gfi'e for critical evaluations and theoretical asjwsments. Con- 
geIlts tu$l &rrangemenk have been made with the h'ucleas Developnient 
*# 

'Or' 0 ther reactor physics da+ts centers include the Keutron Cross See- 
compilation Center, also located at Brookhaven, whiclh compiles 

ian ublishes all wmingly reliable m u l t s  of neutron c r m  section 
snd P,mments; and the Reactor Physics Constants Center at Argome 
rst;onal L a b r a b y ,  which compiles, evaluates, and publishes deter- 
* tions of quantities other than cross section, quantities exempli- &a ried by the number and energy of neutrons emitted in fission, values of 
* n a n ~  integrals, neutron age in reactor materials, and the types of 
ken produ&s resulting from fission. 

as 8 

of America for consdhnt  semkes. 

Patents 

keeping with the Commission% practice of securing United 
btes md foreign patents on worthy inventions originating under 
(@mission sponsored work, 230 additional United States patents 
a& during cdendar 1960. The Commission today has a portfolio 
af *me 2,499 United States patents available for royalty-free limns- 
%. AS of December 1, 1960,801 licenses within this group had been 

ne Commission's portfolio of foreign patents on December 31, 
ym, nunibered some 505, an increase of about 215 during the year. 
rk Commission, under a policy adopted in December, will license 
Cmission-owned foreign patents for royalties to nationals of 
&OR countries charging royalties of the U.S. Government or its 
zizens. KO royalty charges are made in those countries extending 
k royalty licensing to United States citizens. Where a foreign 
wernment has no policy, Commission decision on charges will be 
d e  011 a case basis. Licenses or foreign patents granted by the 
'-*tmission ma? be exclusive or nonexclusive for a period of 3 to 5 

The Commission adopted a new policy in December of authorizing 
mtmctors to file for foreign patents and retain substantive rights 
zderspecified terms and conditions. The policy applies to inventions 

nformation on 

ion Evaluatim 

evaluate 
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MANPOWER FOR ATOMIC ENERGY 

The Coinniission began during 1960 an annual collection alld ea 
ysis of statistics on total employment in atomic energy ; r e t i n t  
throughout tlie United States. As of January 1960, total emfie 
ment including private, Federal contract, and direct Federal en-qisx 
ment exclusive of members of the Armed Forces was estimated st 
proximatelv 185,000 of diich only 10,000 represent direct Fh;je 
employment. 

Detailed figures for 1960 cover about t.wo-thirds of total enye 
ment ; tlie survey for 1961 will be expanded to include the rem& 
third n-liich, this year, is estimated on the basis of data collected 
other purposes. 

The txo-thirds of the work force surx-eyed this year by the h*- 
of Labor Statistics, Department of Labor, at  the request of the c*; 

This e m p l o ~ n i e n t  coniprises research and  production activities eac11isi~~'lr and e:-+ 
devoted to  the  derelopment of goods a n d  services for t h e  atomic e n e r g  field. b* 
uranium mining, mil l inr ,  enrichment of uranium, reactor  manufacturinz. O P ~ ~ S  
reactors, etc., a n d  ra r ious  t rpes  of nuclear research as well as training in n l l c l ~ + ~  
Excluded are the  actual  applications of reactors, ( transmission and consuWtjo.z f 7 
t r i c i t r  a r e  excluded) nuclear ship operation, industr ia l ,  medical, and phnrmacPuriA- 
cations, etc. 

of ten major se 
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RELATED ACTATTIES 10’7 
is j s  emplopd bF 15s establishments operateci bv 130 prime 

+-! *&& ~ 

tors of the Commission. These establisliinents hare reported 
-,!it 1.i14’ 

em1 ,lormelit . in their ntoiiiic e n e r p  activities, including both 
..,.:I1 florl<i~lg full-time on Coniniissioii contracts and also those who 
.@ 3nrt or full-time to p i r a t e  research or inciustrial atomic y o t e  1 

,pgntions. Among the 130 prime contractors. 29 operate SS 
r. dlprg?‘ -- ,~~,,,,e~t-owiied facilities m-hich emplo;v about 70 percent of the 

&Ul 158 establishments operated under prime contracts with the 
-,mmission employ cz total of 185,921 (see Table 1). In  addition, 

t L  Government’s direct employment is estimated a t  10,000 (exclud- 
@ :n17 t 1 1 e Armed Forces? but including the Commission), and industrial 

,,dumtional organizations that do not hold prime contracts Tit11 

the establishments under Coinmission prinie contracts? scien- 
&5 and engineers made up 20 percent of all employees as of January 

killed workers made up 19 percent of the total, and technicians 
;la technical personnel 15 percent (see Table 3) .  The high 
gmntage of skilled workers results from the complexity of products, 
:wise tolerances required, and the custom manufacture of many 
,RKducts required. 

aork force of the prime contractors. 

TllC 

mmission employ an estimated 48,900 (see Table 2). 
&-I? co  

rM. s 

? 

tell major segments of the atomic energy field,I9 laboratories and 
*arch facilities employed 33 percent of the 126,000 rorkers included 

fie s t i rve~~,  and defense production facilities-the production of 
mniuni 235, plutonium and weapons-employed 28 percent, produc- 
:.~nof feed materials an additional 9 percent of the total. Reactor 
isin niid nianuf :tcturing accounted for another 9 percent. The 
making 21 percent was distributed among 6 other major segments, 
SJ one small miscellaneous category. 

The largest number of employees in single occupation was 4,400 
A a n i c a l  engineers. Other occupations r i t h  substantial employ- 
z c t  n-ere maiiiteiiaiice mechanic, 3,100 ; chemist, 3J00 ; and electrical 

‘Employment in the Atomic Energy Field, Results of a 1960 Surrey,  Bureau of Labor 
I V \ .  Department of L:lhor. J anua ry  1960, Superintendent of Documents, Government 
V Office. Washington 2 ; .  D.C. 

10 major segments a r e  : (1) Commission laboratory and  research facilities, (2) 
e n e r o  defense production facilities, ( 3 )  reactor and  reactor component design a n d  

-3attnring, ( 4 )  production of feed materials, ( 5 )  design, engineering, and construc- 
*f nuclear facilities, (6’1 private research laboratories and  centers engaged in  atomic 

ROrk ( 7 )  production o f  special materials f o r  use in reactors, (S )  uranium milling, ’ 
element fabrication, a n d  (10) power reactor operation and maintenance, plus 8 * mificellaneous category. 

s l id  cliff-::- 

>Id, i n c l u d f ~ ~  
operatinn 
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or electronic engineer, 3,000. It is of interest to note that a 
of persons are employed in occupations peculiar to atomic enpl. 

for example 372 He&h Physicists, 720 Health PhTsics T~~ 
and 881 Eeactor Operators. 

1961 Re puirement s 

&4s of January 1960, when the survey ITS made, need f 
of 4,000 employees by January 1961 was forecast by CO 
contractors (see Table 1). 
to need 1,800 additional employees, defense production facilit. 
Requirements included 1,000 engineers and 850 scientists. 

survey of industrial employment by the Bureau of 
a survey of Federal employment by the Civil Service 
a survey of employment in universities and colleges by th 
Education, Department of Health, Education, and Welfare. 

signed to increase the pool of professionally and 

of the free world. These various programs are de 

isotope and Radiation Development, Education and 
Health and Safety. 

TABLE 1.-EMPLOTNEST IN THE ATOMIC ENERGY FIELD, 1% e 

Commission-owned laboratories 

The 1961 round-up of atomic energy employment will include Total---------- 

occupa The Commission participates in the Government-wide eBOn 

tent workers available in the United States, and 

priate, in sections of this report on International 

- 
~~~.--- - - - - - - - - - - - - - - -  
*FEbnf&Ds __.____-- -------- 
z& d n j c a l  personnel- - - 
#I, administrative, 
r& and other 0Eke PCm 

d u c t i o n ,  maintenai 
wa sorkers- - - _-  - - ----- - 
+e m t o r  opentom---. 

fOt3]. ail employees--- 

*-E: C.S. Departmen' 

4 tmda- ____-- - - - - - - -  

__h 

January 1959 

PRIME COXTRACTORS 
- 

January 1960 

Type of Activity 

35,627 
12,049 
12,003 
6,319 
4,832 
3,222 
3,261 
2,924 

235 
2,527 

123,530 

-4tomic Energy Commission laboratories..- 
-4tomic energy defense production facili- 

ties __-~-----____.__----------...-------- 

Reactor design and manufacturing_____._. 
Production of feed materials- - _ _ _ _ _ _ _ _ _  _. 

Construction of nuclear facilities .___._____ 

Private research laborstories-- .- - - - _ _ _  .___ 

Production of special materials _ _ _ _  - - - - -. -. 
Uranium milling ____.. ._..________..___ ._ 

Fuel element fabrictttion __..________.__.__ 

Power reactor operation _____-_.__________ - 
JIiscellweous _ _ _ _ _  . . - - - _ _  - - - - - - - - - - -. . . - - 

. .  

28.84 35,590 28.26 
9.75 11,760 9.34 
9.72 11,717 9.31 
5.12 6,575 5.22 
3.91 5,295 4.21 
2.61 3,584 2.85 
2.64 3,432 2.73 
2.37 2.903 2.31 

. I 9  366 .29 
2.05 2,527 2.01 

100.00 125,921 100.00 Total, all activities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I I I 
Number Percent Number Percent I I !- 

40,531 1 32.81 1 42,172 1 33.49 

SOURCE: U.S. Dcyartment of Labor, Bureau of Labor Statistics. 

5 0 0 b b ci 8 
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ENPLOTRfEXT Ih' ATOMIC ESERGT FIELD, ESCLUSIT-E O F  

AEC PRIME COSTRACTORS 
Sum ber 

Field EmpZoyed 
mininS---------------------------------------------------- 4,100 

cb at Universities with AEC contracts other than those covered in 
vey and including supporting personnel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  19,000 

f r  university research and teaching, including supporting personnel-- 11,400 
and development in private (other than unirersities) labora- 

ustrument manufacturing, radioactive waste disposal and other 5s:e and manufacturing establishments not under contract to AEC-, 2,200 
(exclusive of military)--- ----- -- ------__-__________ 10, ooo 

ction of nuclear facilities -------_---_________________________ 15,000 

January 1961 
(anticipated) 

Number 

10,333 
16,154 
15,393 
4,017 

18,413 
24,383 
17,933 
0,824 
958 

130,007 

12,599 

Percent 

7.95 
12.43 
11.84 
3.09 
9.69 
14.16 
18.76 
13.79 
7.56 
.74 

loo. 00 



Part Two 

\fgj0r Activities Atomic Energy Programs 

January-Decem ber 1960 



Raw Materials 
domestic uranium oxide, plus imports. totaled S3+50( #*ipts raniurn oxide (U3O8) during 1960, of n-hich 17,730 toils were of * domestic suppliers, 11,310 tons from Canada, m c l  4,460 toils 

fl>tlnl 
@I orefieas* 

tras made during the year in stretching out, uranium de- 
bring supply more nearly in line vi-ith projected current WPSS 

,&es to  
emen&. Under agreements negotiated r i t h  Canada, approxi- 

300 tons of U308 in Canadian concentrates scheduled for *ids 99 erdelivery have been deferred until after April 1,1962. Similarly, 
scheduled for earlier delivery from domestic producers have d 

JIm deferred and will be delivered in the 1962-1966 period. h’egotia- 
with other domestic producers are continuing. The Commis- 

I@ 

rogram for bonus payments upon initial ore deliveries from new E@ 

i@P b s t i c  mines expired on March 31,1960. 
ats totaling about 400 tons were received through September 

hm the Congo, completing deliveries under this long standing con- 
wt* Uranium concentrate deliveries under long tern Combined 
bTelopment Agency contracts with Australia, Portugal, and South 
lfrica vere continued at a normal rate during the year. 
fie Commission has virtually completed negotiations of all pro- 

- 4 s  submitted in accordance with the program announced April 2, 
# - $  of limited expansion of milling facilities to provide a market for 
*dewloped prior to November 1, 1957, in those areas where milling 
-city xas inadequate. The Commission also worked toward com- 
+Lion of arrangements with mine operators and milling companies 
muant to its modified purchase program for the 1962-66 period 
s ~ u n c e d  Xovember 24, 1558.1 Property holders seeking to qualify 
d e r  this program have submitted statements claiming ore resen-es 
rdoped prior to November 24, 1958. Agreements on these reserves 
m h n  reached nit11 the oxners of most large deposits, but a nuinber 
. 

all properties reimin to be examined. 

DOMESTIC ACTIVITIES 
.*duction 

%e. United Stat- maintained its position as the world’s leading 
Fducer of uranium. Uranium ore production in the United States - 

PO. 5-6 and 353-365, Twenb-four th  Semiannual Report t o  Congress ( January-  
* loa5j, P. 8, Twenty-fifth Samiannual Report t o  Congress (June-December 1958), and 

K5:t Annual Report to Conness (January-December 1959). 

113 
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totaled 8.0 niillioii drx tons ciuriiig 1960, as compared to 6.0 
tons in tlle prerious 12 months. 
in colicelitrates for the year totaled l ’ i , X O  tons. 

Productioll of urnlliuiii oxi 

Ore Resemes  

Preliminary estimates of domestic uranium ore reserves toL 
= 82.0 nzillion tons containing 0.28 perceilt U ~ O S  as of December 

a decrease of only about 4.0 million tons from the preyious 
estimate despite the fact that 8.0 million tons were lllilled durino 
I n  addition, approximately 1.3 million tolls of ore lvere in we$ 
ment and private stockpiles a t  the end of 1960. 

Only a portion of the estimated ore reserves in a liumbr of 
deposits will be mined to  meet deliveries to the Conm&ion e 

Ql& existing contracts extending through 1966. KOtwitllstan&ng 
duced level of exploration that followed tlie placing of limitat- 

l@% purcliases, and the absence of important new dism17eries durin,, If 

past two years, substantial domestic ore reserves will still be a T w  
in 1967. 
million tons of average grade ore (0.95 percent U30,) fronl p- 
reserves will remain. ,4dditional reserves routillely developed drn- 
tlie course of mining may add several ndlion tons. 

These reserves, although not large in terms of the I~iig-rt~llge q~~ 
meiits of a major atomic power program, would provide a firm 
for tlie domestic mining industry and they could be augmentdig 
renewed esplo&tion as demand increases. 

Ul! 1 

-- 

t3* 

The estimate is that the equiralent of between 45 

’i 

1962-19GG Purcliu.se Program 

Under a Xovember 24,1958, announcement, the cormnission l& 
its purcliase of domestic uranium concentrates during the. e 
April 1,1962-December 31,1966, to appropriate quantities of cam 
trates derired from ore reserves developed prior to h’orember % 
1958. Producers wishing to qualify under the 1962-66 pmzw 
nieiit program were given until October 1, 1959, to file statem=- 
a i d  supporting data, shoving ore reserves developed as of ?Sore& 
24, 1958. The Corn~nissioli receiyed statements covering claimed Z= 
serves 011 npproximxt~I~  2,650 properties involving man>’ th 
of mining claims. 
iiiost of the larger deposits hare been calculated, and a g r e  
reached as to productio11 allocations Tit11 the operators. -4 nmk 
of sinall properties reinain to be examined. 

The Xoveinber 1958 ore reserves wnt:lind 

..- 

hrgest Mil l .  Tme 
far the Commissioi 
SU& now under cc 
-@Is 1,Ooo tons. 

~ the S‘uclear F 
a tons of ore a 

is the nation g 
616872-61- 

= 
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Jarlm with the 1962-66 uranium purchase program, a num- 

concentrates produced from reserves developed prior t.o No- 

>. 

Comniission IiiGk 
> during the p& 

or to X’ox-emlm 
le 1969-66 p r w w  

115 

* 

period 
., quali- 

h # t  Hill .  Twenty-five domestic mills are currently processing uranium ore 
ission at the rate of 22,100 tons of ore per day, and three more 
er construction or planned will increase production by appro*- 

tons. Shown in this aerial photo is the largest of the mills in opera- 
Suclear Fuels Gorp. uranium mill a t  Grants, h’. Nex., which processes 

re a day. The ore is primarily from the Ambrosia Lake district 
is the nation’s largest known body of uranium ore reseryes. 
Bi6872-61-g 
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Commission has completed its contracting of limit,ed expansic,, 
niilling facilities in accordance with the program aiiiiouiiced Li - 
1958; in areas n-here milling cztpncitly was inadquate fop 
veloped prior to November 1, 1957. I n  the lignite area: ~Omplpl:, 

of a contract Kith International Resources Corp., illyolnng the 
D-, 

sessment of ore supply by milling companies resulted in a 
in the total amount of additional mill capacity as estimaM 
April 1958. 

cilities and expansion of existing mills are as follows : 

chase of u,Os produced from uraniferous lignite, is pending. be& 
redu,,;cz 

r) 

Increases in capacity resulting f roin contracts involvin g neF & 

- 
3,300 1. 'f 

8 Nil1 under construction. 
b Pending contract would provide for plant haying initial capacity of 300 T/dsg t; 

proposed increase to 600 T/day after April 1, 1962. 

Smtheast Texas. The April 2, 1958, announcement provided for 
600-ton-per-day mill in Southeast Texas, based upon ore deposib ; 
cated in Duval and Rarnes Counties. Several companies investigc 
the feasibility of such an operation, but their studies led to & e a  
clusion that a greater portion of the Duval deposits could not 
mined economically and that a milling operation would depend lam: 
an the ores in Kames County. Susquehanns-'T'STestern, Inc., in JB: 

I960, signed a contract with the Commission to  supply uranium 
centrates from a 200-ton-a-dag processing plant to be built 10 
southwest of Falls City, Tex. ; it will dram its major ore supply h 
Kames County. 

North Dakota-South Dnkota. Negotiations v i th  International €E 
sources Corporation, n-hich may result in the construction of a pk 
in this area to process uraniferous lignites, have been C O R C I U ~ ~  
Execution of the contract is waiting completion of financial and 
agemen t arrangements. 

pending contract calls for construction of a plant to process 
The Company originally planned a 6OO-ton-per-dn~ mill but ik * 
See Appendix 11, p. 352, Twenty-fourth Semiannual Report to Congress (3anm&s 

1858). 

5 0 0 b 1 0 4  

Paymefits 

p fie Commission': 
:m from new domc 
:w. Between Mal 
&on, total bonus 

production o 
p m ,  which wa: 
&ai appeared small 
d assisted miners 

In April, the Cox 
public invitation 

-urn pentoxidl 
1 bidder and p - 

'hP. 9, and pp. 12i- 
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day Kith a provision for increasing the capacity to 600 .@&e % 
br fter March 31,1962. ~ p r  d V  a 

~ 1 1 0  additional capacity of 1,560 toils of ore per day pro- 
~ ~ ~ ~ ' n ' n ~ p n i n g  Kas attained t.liroug1i construction of two n e r  
4 for b7 Globe 1\Iining co., and one by Federal-Radorock-Gas 

*De em; and by additions to the capacitj of t vo  existing mills, 
- mtd by Western Nuclear, Inc., and one by Utah Construc- 

JIining Co. (formerly L U C ~  RIc Uranium Corp.). The 
ropam for this area provided also for expansion of Susque- 

cy6ern9s mill a t  Rirerton, Wyo., but this expansion was 
pi%- because the production rate of eligible ores did not require 

p&n 

i lad 

npd  bios in plant capacity. 

do ~ r m , t  Range. The 200-ton-per-day mill indicated for this 
povided for by expansion to 200-tons-per-day capacitJ7 of 

@tons-per-day Cotter Corp. pilot plant at  Canon City, Colo. 

Nevada. ore from the principal property near Austin is 
tg marl;eted at existing mills in other areas, and no proposals are 
.r 

rrr 
of operating mills, and those under construction as of Decem- 

;I, 1960, is given in Table 1. 

I 

sideration for a Nerada mill. 

commission's program of bonus payments for initial produc- 
,from new domestic sources of uranium ores expired on March 31, 

Betxeen March I, 1951, when the program began: and termi- 
total bonuses of approximately $17.1 million were paid for 

;riproduction of about 5.4 million pounds of U,O,. The bonus 
m, diich was established when domestic reserves and produc- 
tppeared small, encouraged uranium prospecting and exploratioll 
sisted miners during early development of neK ore bodies. 

April, the Commission's Grand Junct'ion Operations Office issued 
4 i c  hi tation for bids on approximately 1.5 million pounds of 
$UIU pentoxide. The Vanadium Corp. of America was the SUC- 
&h%ler and purchased the entire quantity at  $1 a pound. 

If 9, and pp. 12i-134, Tenth Semiannual Report t o  Congress (January-June 1951). 

5 0 0 b 1 0 5  
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TABLE l.--URAXIUM PROCESSISG PLBXTS 

Company 

Anaconda Co.8 ___. . . . -. -. ._. -. . .. - - - -. 
Climax Uranium Co. . ____. ~ __.__--.--. 

Cotter Corp _ _ _ _ _ _  -.__ _.~. ~- _.. - -  --.-. - - 
Dawn Mining Co .._._ ~~ ..__.__.__--... 

Federal-Radorock-Gas Hills Partners- - 
Globe Mining Co ____.. . - ._. .. -. .~ __._ -~ 
Qunnison Mining Co ________--___...-_- 

Homestake-New Mexico Partners-. . _ _ _  
Homestake-Sapin Partners 8 -  . -. . . . . . . ~ 

Kermac Nuclear Fuels, Gorp._-. . ~. . . . 

Kerr-McGee Oil Industries ~ . .  ~ _ _  
Lakedew Mining Co- - _ _ _  -. .~ ._ - _.. .__ 

Mines Development, Inc __._. ~. -. . . . . . 

Phillips Petroleum Co.8 ____. ~ _ _  _ . ~  .. - _ _  
Rare Metals Corp. of America- - - ~ _ _ _ _  ~ 

Susquehanna-Western, Inc. t 8  ._-. - - - -. . . 
Susquehanna-Western, 1nc.c - -. - ~. -. __. 

Texas-Zinc Minerals Corp _ _ _ _ _ _ _  _. .___. 
Trace Elements Co ____..____._.___.___ 

Union Carbide Nuclear Co ____..._____. 

Union Carbide Nuclear Co 
Uranium Reduction C o  _____...._.__.. 

Utah Construction & Mining Co. p- - - - - 
Vanadium Corp. of America ..___.____. 

Vitro Chemical Co---. .. . . . - ~ .  .. . ___.__ 

Western Nuclear, Inc. -. ~ ~ ~. . . . . ~. - ~ 

Location of mill 

Grants, N. Alex 
Grand Junction, Cola_-.- 

Canon City, Colo __.._ _ _ _  
Ford, Wash ____..._..._.. 
Fremont Go., Wyo 
Katrona Co., Wyo _..-... 

Gunnison, Colo. - - -. ~. . - ~ 

Grants, N. Mex ____. . ..~. 
___-do. _ _ _ _ _ _ _ - - _ _ _ _  - - -. ._. 
____do- - _ _  _ _  - - - - - -. . . . . . 
Shiprock, N. Mer ___.... ~ 

Lakeview, Oreg-- - - -. -. -. 
Edgemont, S. Dak .._.-.- 

Qrants, hT. Mex ___.. ~ -.-. 

Tuba City, Ariz--. _._... 
Falls City, Ter 
Riverton. Wyo ____._ _ _  -. . 
Mexican Hat, Utah .____-. 

Maybell, Colo 
Rifle, C01o.d _ _ _ _ _ _ _ _ _  - ~ _-. 

Uravan, Colo 
Moab, Utah ____.____...- 

Fremont Co., Wyo 
Durango, Colo ___._. ~ 

Salt Lake City, Utah - - - - . 
Jeffrey City, Wyo ____... ~ 

Anaconda Co _..___....____._._________________ ._________.________.___ 

Homestake-Sapin Partners _ _ _ _  ._ - _ _ _ _ _ _ _  _ _  .. _ _  - _ _  -. . - __-. - - -. - ._ - - - - _._ io0 
Krrmac n’uclear Fuels Gorp-- _ _ _ _ _ _ _ _ _ _  .___.____________ ... __...____ 

Phillips Petroleuni C o  .. _______.. ___._ _ _ _  . ____. _ _ _  . _ _  - _..___ 500 

. -. . . . - _ _  _ _  - _ _ _ _ _  __. . _. _ _ _  _ _  _ _ _  . ._ -. .. - - - _. 5,050 To1 al- -. . - -. 
1, Under construction. 

Formerly Fremont Minerals, he. 
Union Carbide Nuclear Co. also buys and upgrades ore at Slick Rock, Colo. and Qreenrwer,i 

Formerly Lucky Me Uranium Co. 
Pending contract would provide for plant having initial capacity of 200 tonslday with p m F  

c r e w  to 600 tons/day after April 1,  1962. 
Commission contract prorides that Potrotodcs Co. may, a t  its option, construct a mill 

of V 3 0 8  covered by the contract in the 1 9 6 2 4  period or make arrangements with exktlng 
recovery. 

NOTE: The abore listed mills are privately owned and operated and are licensed to b 

feed for the Rifle, Colo. mill. 

operator. 

5 C i O b l O b  

Present 
contract 

terminates 

12/31 I66 
12/31/66 
212s16.5 

12/31/66 
12/31/66 
12/31/66 
12/31/62 
3/31/62 

12/31/66 
12/31/66 
fXW6.5 

11 /30/63 
3/31/62 

12/31/66 
3/31/62 

12/31/66 
1213 1/66 
12/31/66 
3/31/62 
3/31/62 
3/31/62 

12/31/66 
12/31/66 
3/31/62 
3/31/62 

12/31 166 

TOTALS 
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Present 
contract 
erminates 

12/31/66 
12/31/66 
2/28/65 
12/31/66 
12/31/66 
12/31/66 
12/31/62 
3/31/62 
12/31/66 
12/31/66 
6/3c/65 

11 /30/63 
3/31/62 
12/31/66 
3/31/62 
12/31/66 
12/31/66 
12/31/66 
3/31/62 
3/31/62 
3/31/62 
12/31/66 
12/31/66 
3/31/62 
3/31/62 
12/31/66 

TOTALS 
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ceIltrate stored at  Grand Junction, Colo., had been bought 
processing mills under earlier contracts that provided 
n would purchase vanadium extracted from uranium- 

d i u  production was in excess of current 
Such contracts helped maintain uraniuni 

fcl from ores of the Colorado Plateau containing values of 
and vanadiuii-originally the only domestic source of 

Commitments of this kind have been reduced by rerisioii 
and will terminate March 31, 1962. An additional 

omds of vanadium is being offered for sale with bids to 

.$I ,wuirements. 

’ 

&ion transferred administration of the contract for oper- 
f &e Process Developmeiit Laboratory at  Winchester, Mass., 

Division of Raw Materials to the Division of Biology and 
effective July 1,1960. Originally operated to develop and 

ore processes, this labratory has been working since 1957 
ique and procedures for determining and reducing radiation 
connected with milling operations-work that will benefit 

sociated with other biomedical studies. 
terials continues to act in a liaison capacity 

e milling industry with respect to radiation hazards and will 
ne to sponsor meetings for technical discussions in this area. 
&meeting was held in October at Grand Junction, Colo., attended 

Epmsentatives from the milling industry, the Public Health 
ce, State organizations, and personnel from various Commission 

actions relating to licensed uranium milling oper a t’ ions 
in the section on Licensing, Regulation and Indemni- 

t of mine safety, including control of radiation hazards, 
cipal responsibility of the States. Most uranium-producing 

hare established permissible concentration levels in mines for 
nd its decay products. However, mine management also must 
major responsibility for maintaining safe working conditions 
hed by the States as mine workings are continually being ex- 
and adequate rentilation must be provided for new working 

Commission controls several uranium mining properties that 
Wmted prirately under lease agreements, and has arranged with 

___________.---------- 

___________.- - - - - - - - - -  1,850 
______.... ._-.--- - - -  500 

______..__._.__- - - - - - -  5,050 

-. . - - - - - 

t its option, construct a ma 
I arrangements with existing 
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the Bureau of Mines for periodic health and safet j  inspections , 
ing radiation surveys. 
inspections, ventilat ion and dust control have been i1npoved. 

of radon gas-a radioactire dectiF product of radium always as- 
with uranium-can be controlled in mines, vithout uiidd 
costs. 

with uranium mining vas  held in Denrer, cola. This wnfeb, 

agencies, was called for the purpose of discussing possible pdd& 

hazards in uranium mines. 

As a result of these surreys and c '''& 
a "& 

gains are believed to demonstrate that, in most cases? the c OncQltP% pi 
wi& 

PW~iti;; 

I n  December, a conference of the governors of the 

sponsored by the Secret arx, Department of Health, Education, m 

Welfare, and attended by representatives of interested goTeb . B  

FOREIGN ACTIVITIES 

Deliveries of foreign uranium concentrates to the finited st, 
during 1960 totaled 15,770 tons of contained u308 with 11,310 
coming from Canada and the rest coming from Australia, bb 
Congo, Portugal, and South ,4frica under contracts of the Corn6& 
Development -4gency. 

Canada 

I n  No\-ember 1959, the Canadian Government and the C0-k 
announced an agreement for stretcliing out deliveries of uranim E 

der existing contracts.* The announcement also stated that the ca 
mission would not exercise its options to purchase additional 
uranium concentrates in the post-1962 period. 

The stretch-out arrangements will result in a major defemiz 
United States deliveries amounting to approximately 9,300 to& c 
U,O, which will be delivered in the period March 31, 196%- 
31,1966, when the Commission's total purchase commitments are low 

0 vemeas Procu.r.e~nent 

Deliveries under Conibined Development Agency cont rac& E= 
-hstralia, Portugal, and South Africa mere normal. Ship- 
under the Agency contract for Congo uranium were completed. 

See pp. 61-62, Annual Report to  Congress (January-December 1959). 
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congo (The Bepub Zic of Congo) 

Jliniere du Haut2-I<at,ziga began refining some ores to 1net;al- fpio 
oxide in 1958 and delireries of this product, in lieu of 

,,,cent P D,liTeries from the Congo in September completed the contract 
.itb CDL 4:s most important historic supplier. Since the first deliyery 

the latter part of 194.3, Over 30,000 tons of C,o, x-ere produced 
tlie Belgian Congo, most of which came to the United States. 

pm ,&out world mTar 11, the Shinkolobm-e mine, located in  Katanga 
WG ce Congo, in Africa, was the principal source of uranium and 

of the material for the early weapons program. It 
mmued to be the most important source for a number of years 

&l iflTL 

r%te: began in December of that Fear. 

wrin 9 

fter * e war when supplies of uranium Kere critically short. 

Mhsfr;ca 

% February, exploratory discussions were held in South Africa 
m n  representatives of the Combined Development Agency and 
b- Gonth African Atomic Energy Board regarding a possible stretch- 

in production and in deliveries to the Agency. Discussions were 
minued in Johannesburg in Norember. 

L i n i t d  technical assistance in uranium exploration in Brazil, 
:zile+ and Peru was terminated at  the end of the year. 

Production of Special Nuclear Materials 

wlendar year 1960, production of special nuclear materials 
+Rd for weapons manufacture, research and development, and 
%T peaceful applications of atomic energy, was in accordance with 

de. The total cost of the special nuclear materials program 
Z. Xd Kas $553 million as compared with $541 million in 1959, an 

2 s ~  materials receipts at the two feed processing plants located 
fPtndd, Ohio and Weldon Spring, No., were in line with current 

%*ments. The eight graphite reactors a t  Hanford, Wash., and 
SF fire heavy x-ater reactors a t  Savannah River, S.C., were 

to produce the requirements for both plutonium and tritium 

of 2.2 percent. 
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duriiig 1960. 
Tenn., Paducah, Icy., and Portsmouth, Ohio, were Operat 

The giseous diffusion plants located at oak kt4 
duce the 1960 requirements for uranium 235. Process derelo [Jk; 

effort! m-as directed tov-ard technical plant support to rjrr,, 
astire (r, tinuity and safety of operations, developlnent and improvemeh, ~ 

Prodll,,:r. 
processes and equipnient, and attailllllellt Of the required 
levels. - E  

p 

Disposition of Facilities 

Following an operations analysis study, the feed material 
PRKk sing plant at Destrehan St. in St. Louis, A h  was closed in 

I n  hugust 1960, bids were received for buildillg demolition and B!, 
restoration, and a demolition contract was awarded to Arch \ybi 
ing and Salvaging Co. on October 25. 
completed in May 1961. The buildings and equipment are okmd 
the C o b s s i o n ,  the land by the Biallinckrodt Chenlical \vorh G 

Rlallinckrodt will take over the land and some of the buildk 
and facilities which the company has agreed to pmcliase, such as 
incoming power station and equipment, the steam power plant a 
equipment, storage tanks, fencing, railroad s i d Q  and tracks, as wg 
as some of the metal plant buildings. Before the demolition Con€&;- 
T T ~ S  let, $1,461,000 worth of usable equipment at acquisition vale 
was transferred within the Commission or to other G o ~ - e ~ ; ~ p p  
ab weiicies, and an additional $409,000 worth of equipment, at wqt;. 
sition value, was sold to Commission licensees in the umnium i n d b  
try. 
nnnecessary to decontaminate the equipment prior to sale. 

Demolition is expected 

~ 

Restricting the sale of this equipment to licensees made 

New Production Reactor 

Design a.nd construction of the New Production Reactor (AT1 
at Hanford, Wash., proceeded satisfactorily during 1960. ils E! 
Kovember 30, design was estimated to be 80 percent complete, mz 
struction was '7.5 percent complete, and about 60 percent of & 
major equipment had been ordered. 

Completion of constniction is scheduled for October 1, 1962. t:= 
original target date. Costs of the reactor are expected to r e x  
within the $145 inillion authorized by Public Law 85-590. 'lk= 
costs do not include supporting facilities, estimated at an additim 
$7.2 million. 

The NPR fuel elements will be slightly enriched uranium YJW- 
clad by c,o-extrusion with zircalloy-2. The co-extrusion and fuel ek 

ment finishing operations will be performed by the General Ektr: 

n e  Commission 
centrif 

of appmxim: 
pg-am will cont 
$&ment on gas cc 
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of tJle 6 s  
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vniversity of Vi 
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ment Tork on 
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Muct ion of nucl 
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'"Beactor Power Plan 
Office of Technical 
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tted at an additiorld 
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trusioii and fuel 
the General E1ectri.C 

f 

Hnnford. Proposals from private industry were received dur- 
er  in respoiise to an invitation for proposals to manu- 

in pricak facilities, the uranium metal billets for the co- ir d 
f -[111%, 
;pi process. The prices quoted by private concerns esceeclcd 

-\’ L - 
*. I,t, facilities. Consecjueiitly the Commission decided to  pro- 

:e+& the 
;Ut on the economk feasibility of converting the NPR for tlie 

* of electric power was made by tlie Federal Power Coinmis- 
**nrS . (‘FPC), its report was published during F e b r u q  1960.5 Ar- 
0% . mnlellts have been made for additional studies, iiicludiizg an up- 
@? cr bv FPC of its earlier report, to be available in 1961. smr .. 

~ .lt 

i?a ,e s u m  . . .  

- ,{I11 ,tlbtalitial margin the costs of producing these billets in GOT-- 

-Y 

-+ fuel billets in Government f ncilities. 

4 s t d  

&mission has recently increased its effort on development 
d&e p centrifuge process of isotope separation to an expected 
:Lid of approximately $2 to  $3 million per year. The development 

(See Appendix 20 for AEC 
:@Bent on gas centrifuges.) 
a m  d l  continue to be classified. 

f 

f i e  program includes t h e e  major areas : 

continuation of basic research which has been underway at  the 
fnirersity of Virginia, Charlottesrille, TTa. 

Experimental operation of small groups of machines incorporating 
Drus.eently available technology. This work is being performed for 

Commission by Union Carbide Kuclear Corp. at  Oali Ridge, 
Tenn. 

[jwelopment of advanced gas centrifuge models. Interested 
wirate companies with the best capabilities for contributing to 
:be propam will be invited to submit proposals to perform develop- 
Bent‘ work on the advanced machine under contract for the 
fyonmiission. 

Military Application 

:wuction of nuclear weapons by the Commission continued during 
as authorized by the President. The production effort included - 

-‘%fiOr Power Plant Economic Feasibility Study” TRD-5762. Price $-. 9 50, available 
% **atfice Of Technical Services, U.S. Department of Commerce, Washington 25, D.C. 
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meeting new weapon system capabilities, moderniza 
less efficient designs in stockpile, and a retirement PI 
lescent weapons. 

The Commission's program of weapons research and devel 
has consisted during 1960 essentially of laboratory study and an 
of data obtained on the 1958 Hardtack and earlier nuclear hst 
with a large portion of the effort being devoted to translati 
results into operational weapons to meet specific Department 
fense requirements. These efforts have been fruitful and 
needs for numerous weapons of various weights and yields ha 
met. 

Further intensive research and refinements by the Unit 
nuclear weapons organizations, even without tests, can c 
produce some design improvements. Howe,ver, with 
ing, major advances in nuclear weapons design do not appear Possi&L 

Test Facilities 

The Eniwetok Proving Ground and its facilities were m a b b b  
on a stand-by basis until June 30,1960, when the facilities weremar$ 
available to the Department of Defense for its Pacific &lis 
The Proving Ground will remain available for Coinmissi 
if needed. Weapons test facilities a t  the Pl'evada Test Site have 
maintained on a stand-by readiness state. 

'weapons Fsil i t ies 

Work was initiated on the construction of a $2 million plant f 
treatment of chemically and radiochemically contami 
wastes generated by the metallurgical, chemical, biological and 
genic laboratories a t  Los Alamos Scientific Laboratory, Los Al 
N. 31es. Construction also began on a $3 million special 
cation plant a t  Oak Ridge, Tenn. to meet weapons produ 
ments. 

Transfer of ballistic drop test operations from the S 
Base, Calif. to Tonopali Test Range, Nev. began du 
expected to be completed during 1961 a t  which time 
Base will be placed on a standby basis. The Tonopa 

&ued in 1960, 
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est of the Navada Test Site and is used for determining the 
characteristics of inert (non-nuclear ) Teapons shapes 

from aircraft and for firing high altitude research rockets. . . .  ter facilities are being expanded. *4dditional computing 
required to solve complex weapons research problems. In 

there are problems which require computer solutions in other 
being carried on by those laboratories participating 

rcb on such programs as controlled thermonuclear reaction and 

:h and devel 

Mutual Defense Agreements 

Bdanges of information under Agreements for Cooperation with 
nations for mutual defense purposes, reported in the Annual 

rt to Congress for 1959,6 continued during 1960. The United 
-united Kingdom Agreement for Cooperation, which is con- 

broader than other agreements, involves the exchange of 
information on nuclear weapons and the exchange of visits 
ientists of the two countries. 

a united States has mutual defense agreements in effect with 
TJlis, Canada, France, the Federal Republic of Germany, Greece, 
j.e&&nds, Turkey, the United Kingdom, and the North At- 

to translating the, 

md yields have 

(KATO) . 
Test Site haye k* 

Weapons Test Negotiations and 

t Related Research 
$2 million plant iw f 
3ontarninated l i q s  
biological and q e  
ratory, LOS Al- 
special metal f h  
; production require 

the Salton Ses 'I& 

ited States voluntary suspension of nuclear it-eapons tests 

ations between the United States, the United Engdom 
on of Soviet Socialist Republics began at Geneva on a 
e discontinuance of nuclear weapons testing. 
erspective the United States position on its voluntary 

ion of nuclear weapons tests it is necessary to review the 

ed in 1960. This suspension dates back to October 31, 1958, 

during 19~0 a d  3 
time the Salton ss 
lopah Test R 3 W r  

test cessation negotiations beginning with the 1958 
Experts a t  Geneva. This group, comprising repre- 

e of the United States, United Kingdom, France, Canada, 
oland, Czechoslovakia and Rumania, met from J d y  1 
d concluded that it was technically feasible, within 

5 0 0 b 7 1 3  
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certain limits, to set up a world-wide control system for tl1e det, 
of violstions of a possible agreement on the cessation 
weapons tests. Following this, President Eisenhower allllollnq Of rill, 

neva conclusions, was prepared to  proceed prolnptly to negotiake 
agreement with other nations which have tested nut] 
for the suspension of nuclear weapons tests and the actual estatil 
ment of an international control syteni on the basis of th 

likewise, the United States would suspend nuclear Reapons 

Representatives of the United States, -United ICingdom and 8r, 
Union began negotiations on a test ban treaty on October 31, p ~ ~ ~ ,  
the negotiations proceeded it became apparent that it would be dj6. 
to reach agreement with the Russians on the establishmellt of an eB 
tive conltrol system to police any test ban treat?. A. special t - ~  
States scientific panel concluded that, on the basis of data ”hic., 
become available since the 1958 Confereiice of Experts as a lpsdtofr 
underground nuclear explosions of HAIRL)TACK 11-the last 
United States weapons tests held at  Keracla Test Site in the fall 
1958-underground explosions are more difficult to identify than 
been previously beliered. This information was presented to 
United Kingdom and the Soviet Union in Geneva in earlv J~~ 
1959. On JanuarJ 92, the Soviet Vnion responded by quwtionhpt 
need to consider any new information which differed from the 

August 22, 1958, that the United States, taking account of tllfl 4 

report. He also announced that, pro’ided the Soviet union e q* 

for a period of one year from the beginning of the negotiati, tr 

ear lTeap 

conclusions of the Conference of Experts. 
€ 

I n  April and May of 1959, President Eisenhotrer’s proposal to h 
all nuclear tests in the atmosphere as an initial step in arriving= 
safeguarded treaty was rejected by Soviet Premier Khrushcher B= 
insisted that the treaty encompass the testing of nuclear weaponsina 
environments. However, Rlr. K1irushche.r- did agree in a letter t o h  
ident Eisenhower dated April 23, 1959, that it should be possible tee 

tablish such coiitrols as would guarantee strict observance of the tm, 
He also agreed to have the Soviet Vnion join in an experts meetkr  
controls for high altitude nuclear detonations. Later the Soviet 
agreed to hare their experts re-examine underground detection FZ 

the United States and United Kingdom. Howerer, this latter cos5 
ence mliich convened in R’ovember 1959 concluded with ma$: 
agreement between the experts of the Testern allies and the espyc= 
the Soriet Union. 

I n  December 1959, President Eiseiilion-er noted that the, n y e  
tions had been in progress for 14 inonths and that no satisfa@ 
agreement was in sight. He called attention to the fact thnt pr- 
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cement had been injured ky the un\~-illing~ess of the politi- 
:q . soriet, experts to give, serious scientific consideration to : - , r t l l (  i,-el,ess of seismic techniques for the detection of underground 

tlt't ,sp~osio~~s. Therefore, he said the voluntary moratorium 
nd oll Decelliber 31,1%9, and the united states would consider 

fl,re to resLulie nuclear n-capons test'ing but ~ o u l d  not do so with- 

I'y of 1960, the United States proposed a phased treaty 
souid imniediatdy end all nuclear weapons tests in  en^- 

- wbiC11 controls could be established. These would include 
oceans, those above ground as high as effective controls 
ed upon, and underground tests above a seismic magni- 

+Uf4.rj (equivalent to a 19 kiloton yield in Nevada tuff). The pro- 
* al@ called for a research program among the three countries to cn;'l,vc the capability of detecting underground seismic events below 

Ttelr by the Soviet U I k n ,  but on March 19,1960, a Russian coun- 
1 was made which accepted the threshold figures, provided mgosa the negotiating parties agree not to test below the 4.Z seismic 

hold wlile a joint research program to improve undergromld de- -- *+ 
dim ciip~~iIities was being conducted. The Russians estimated that 
If\ progranl w d d  take 4 to 5 years. on hIarcli 29, 1960, 
+dent Eisenhos-er and British prime Minister Macniillan offered 
-sgm to institute a unilateral moratorium of agreed duration, and 
- tzf5+ljTp on treaty signature, 011 tests below the 4.75 seismic threshold, 
5i4;ided that a treaty was signed and that a coordinated program for 
;rimring the capability of detection and identification of under- 
Gmd nuclear tests was agreed to and instituted without delay. 
rile Russians indicated general agreement on May 3, and on May 11 
-=derence of scientists from the United States, United Kingdom, 

%i rile Soviet Union met in Geneva to  exchange vieEs on the conduct 
! ;1 cmrdinzted seismic research program. These experts reached 
at zpparcd to be a wide area of agreement. On May 27, however, 
= ?-.SS.Ii. delegate to  the test cessation negotiations overruled tlle 
e~ of the V.S.S.R. experts and stated instead that: the Soviet 

OR m t i n u e s  to recognize the recommendation of the 1958 Experts 
=?n 2s being adequate; furthermore, the Russialls would not 

~t a seismic research program in Russia; and they would not 
h? out Wl eqdosive experiments m1iich their scientific experts ' I n  addition, the U.S.S.R. dele- 
*absecjuently stated that all aspects of any United States seismic 

l)FOiWm, including the interpretation of all data generated, 
41d 'lare to be open to  Russian participation, and the devices used 

its intention in advance of any resumption. 

s- -zit i 

gpTf rmitude of 4.75. The United States proposal was rejected im- 

e- 

I t  

they would perform. 



1 _- 

128 MAJOR A C W I T I E S  

would be subject to Soviet internal inspection. Otherxise, the 
sians said, they would consider that the United States had re 

The importance of the research program can be illustrat ed bp following discussion of the problenis i n ro l~ed  in nionitorillg + 

agreement on nuclear weapons test cessation. Kuclear weapons 
can be conducted in four environments : k% 

I n  the atmosphere, with the resultant production of fallout. 

nuclear weapons testing and they would do likewise. “r&& - 

a “!ik 

ever, an adequate number of air sampling detection stations and Br, 

appreciable size. Such a series of stations and flib chts was Of pw= t: 
craft sampling flights could detect nuclear detonations 

mended by the 1958 Geneva Conference of Experts. 

8; 

h 

Deep undemater. It is expected that detonations of moderate p. 

4 carried out deep in the oceans would probably not produce atrn 
fallout in amounts adequate for detection at  appreciable distkb 
Hydroacoustic stations could nionitor such underwater Signah 

water which would be evidence that such a test had taken plaft 
However, pinpointing the violator in this case mould be di&dk 

Detonations above the sensible atmsphere produce little, if &T 

fallout. Adequate detection methods for such tests do not nOR 

and, in fact, cannot be proven to be effective without further e&eNik 
research and experimentation in this medium. 

Underground tests produce no fallout if they are completelr eg 
tained beneath the earth’s surface. This lack of fallout e l i m i  
the one established way in which nuclear detonations might be proye 
There is no known way of proving that an underground nutla 
explosion has occurred other than by on-site inspection which. 3 
order to achieve the difficult objective of proving a violation, inv& 
extensive drilling operations to obtain a sample of radioactive deb& 
Current instrumentation if installed in a world-wide control syge 
could provide information on the location of significant seismic e r a  
and in some cases identify the event as an earthquake. It cam 
identify all seismic events as being natural in origin, nor can it Bli 
t i np i sh  betxeen nuclear and conventional explosives. Further CQE 

plicating the picture is the possibility of nuclear detonations bm 
hidden by the decoupling technique, the use of a large underpe 
caritp as the site for a nuclear test in order to reduce, up to perhop 
a factor as great as 300, the resulting distant seismic signal. 

The Russian negotiators a t  Geneva have offered to permit & 
three “on site” inspections per year in their country for all unidentib 
seismic events. The United States position is that, in view of the fg‘ 

*SPh% 

radioactivity would be dispersed rapidly in the vast quantiti,, Q3 

5 0 0 b l l b  
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than 100 locatable seismic events of greater than 4.75 mag- 

each year in the Soviet Union, 20 percent, of these should 
for inspection (90 inspections per year). The proposed 

uld Cover only event<s above seismic niagnitude 4.75 and 
tllousands of seismic events lower than the 4.75 threshold 

he proposed research program to improye capabilities of detect- 
d identifying underground nuclear erents, the Russians have 

osition that no such program is needed and that adequate 
However, the? have demanded the ri&t to 

d States program and to inspect both the 
external construction of any deyices which the United 

.tatee proposes to use in its seismic research program. They haye - ed two United States offers t o  guarantee that no weapons de- & merit information would be obtained from any nuclear tests in 
+sic research p r 0 p - m  One of the two United States proposals e@ 

ed by the Soviet Union would permit Russian inspection of 
!F$l 
fstpd States devices, provided they also contributed devices and 
t- rbapd united States inspection. Yet, they have threatened to 

a "  

Sl -  

5 0 0 b 1 1 7  

si=- 

d e  nuclear weapons testing if the United-States should ilse any 
esje3r devices in its seismic research program without their apee-  
izt on the safeguards to be employed for assuring no Teapons 
gwl opment . 
le h e  united States view, an adequate capability for detecting and 
- .  +ifi&ing underground and outer space nuclear detonations must 

derploped, if possible. To do this it is necessary to : 

I -  

!%-- 

g)  Derelop improved instrumentation and techniques to detect and 
jdent i~ the nature of seismic events. The improvement neces- 
sary can be obtained only by developing and assembling neces- 
sirs instrumentation and testing its capability through a seismic 
improvement program which includes both nuclear and chemical 
detonations. 

3 Derelop instrumentation and techniques for the detection of 
nuclear explosions in space. 

EsFtablish an adequate 11-orld-wide detection network based on 
tbe recommendations of the Geneva Conference of Experts im- 
prored on the basis of data gathered since 1958 and on data 
rhichmust be obtained from further scientific efforts and experi- 
mental research programs. 
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d )  Obtain agreement on a suflicient number of 011-site ills 
to be reasonably sure that no clandestine underground t Pea r  < 

agreement must have a reasonable relation to the n~llIl~,ep LZ 
@st irlrf nuclear weapons is taking place abore an agreed t h r e ~ ~ ~ ~ ~ d ,  : e 

natural seismic events which in each country, ar,d ; 
capability of the system. 

To improve the capability of detecting and identifying 
events and detecting detonations in space, the United 

to improve the capability of detecting and identifying lluclear 
tions for the purpose of developing an adequate system Cap&lr, 
monitoring a nuclear test ban treaty. During 1960, the con,,. 
participated with other Federal agencies in this program. 

Project VELA is under the direction of the Advanced B % ~  
Projects agency, Department of Defense. It grew out of r% 

a P& mendations by the Berkner Panel on Seismic Improvement-, 
of scientists competent to advise in this field which was apwhk 
by the President's Advisor on Science and Technology and Chak 
by Dr. Lloyd V. Berkner, president of Associated Universities. It 

recommendat ions wer0 made known to the Geneva negotiatol- 
June 12,1959. 

On May 7, 1960, President Eisenhower approved a nlxjor exparkG 
of the research and development directed toward seeking an improt* 
capability to  detect and identify underground nuclear explmiR2 
He announced that $10 million was funded for the fiscal year c2 
ended June 30, 1960, and that an estimated $66 million was mnie 
plated for fiscal 1961. Participating in the program are the ('& 

mission, the Department of Defense, the Department of Come@ 
the Department of Interior, universities and private organizatim 

has embarked on the VELA program d1ich is aimed at attempt4 -k 

5 6  

The \TELA program has three parts : 
VEL,Q-UNIFORM-to increase the level of basic resea&. p 

seismology ; procurement of instrumentation for a world-wide s k  
research program ; development of improved seismic instrumm 
construction and operation of prototype seismic detection statirv, 
and an experimental program of underground nuclear and biph B 

plosive detonations to proiTide signals for the experimental re9x-z 
The Comniission in a program related to project VELA condw- 

successfully a series of non-nuclear high explosive experiment-; 
tween December of 1959 and March of 1960 in the Carey Salt lip 
near Winnfield, La. The purpose of these experiments vas to 
seismic effects resulting from these explosions and to veri6 ' 
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of decoupkg, that is, the use of a large underground caTitF 

nts poiTed that decoupling is possible and that the 
are reduced markedly if a detonation occurs in a 

e hole. Unexpectedlj, these experiiiients also proved 
holes 

than the size predicted as adequate by the theoq. 
m w v  study and investigation have been carri2 out by the 

various phases of the seismic research program. In  addi- 
have been asked for exploratory drilling in a 3Iississippi 
to determine if it is suitable for use as a possible site for 

+,ar detonations as part of the seismic research program. The 
;Ealmission also is preparing sites at its Kevada Test Site for detons- 
gns in this Program- VELA progani plans call for 11-12 h ig l~  

Final schedules have 

m - S I E R R A - t o  develop ground-based instruments for pos- 
detection of nuclear explosions in near space. 

ln this program, the commission's LOS Alamos Scientific Labora- 

- ~ 

has develop4 and is testing an experimental sir fluorescence 
*: '&ion station and is having developed an experimental direct 

detection station to examine reactions to  natural phenomella in p 
f- *&upper atmosphere and near space. 

+fc = for an explosbn to reduce the seismic signals generated. 

but significant, factors of decouphg also occur 

- 1st on 

,e* *e- 

16ii.e and about 11-13 nuclear detonations. 
ken established. 

B .  

m~4-HoTEL-to develop satellit e-based instruments and sys- 

In this program, LOS Alamos and Sandia Laboratory, which is 
for the Commission by Sandia Gorp., a subsidiary of West- 

." Electric Co., Inc., have carried out research and development on 
&ar detection instrumentation for possible inclusion in satellites, 

Lawrence Radiation Laboratory is engaged in some space back- 
pmd measurements under this program. 
The Seismic Improvement Program is being carried out solely 

s the purpose of increasing our basic knowledge of seismology and 
development of instrumentation and techniques necessary for 

amring the monitoring capabilities of a control system. The 
wic Improvement Program is not part of PLOIITSHARE, the 
am to derelop nuclear explosives for peaceful purposes. 

pd to detect nuclear explosions in space. 

- * ** ***- 
1360 drew to a close, the three negotiating countries in Geneva- 

$*~gotiating for more than 9 years-still liad not reached agree- 
*! on the major issues. 

3768'12-61-10 
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Military Reactor Development 

ARMY REACTORS PROGRAM 

O@aQ Major emphasis during 1960 in the Commission-Army pr 
on development of four types of reactors that are compact 
weight, and capable of being set up rapidly and st minimum 

"d lig 

provide power and heat at  remote military installations. ~h % 
types are the pressurized water, boiling water, gas-cooled and e i  
reac tor sys terns. coni! 

Pressmized Water Reactors 

Stationary Jfedium Power Ptant A70. 1 (XM-1) 

On July 1, 1960, responsibility for the SM-1 pressurized water 
actor was assumed by the Army's Corps of Engineers, foUoa 
more than 3 years of successful operation by a Commission contl 
tor. The 1,855 kwe (kilowatts electric) plant, the first protot 
reactor developed within the Army program, continued in Opem 
for training military operators, for research and development 
projects, and for production of electricity a t  For t  Belvoir, ra . ,  Kj, 

the plant is situated. 
The first core had produced 16,470 tliei~ilal kilowatt years of 

by April 28, when the first replacement of fuel was necessitar 
This was 1,430 kilowatt years more than expected on the bask 
design ana1-j-ses. More than 28 million ki lomtt  hours of electrii 
was produced with the first loading. I n  September, two fuel 
ments were replaced with special test elements and the other elemf 
were rearranged to further extend the core burnup and to test 
two added elements. 

At the year's end, 92 military operators had completed one-1 
training courses conducted in conjunction with plant operation. 7 
operators include personnel from the three military services 01 

will operate military field plants such as the SM-1A in Alaska 1 

the Phl-2A in Greenland, as well as the SM-1 itself. Additio 
military crem will be trained to operate the PRI-1 at Sundx 
Wyo.! and the PAT-3-4 at, McMurdo Sound in the Antarctic. 

Stationary Jf edi.um Power Plant &Yo. 1A (SM-IA ) 

The SZ\I-IA? located at Fort Gre.eIy, Alaska, is essentiallS 8 dil 
extrapolation of the SM-1 design to a higher power output to pml 

5 0 0 b 7 2 0  
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-2 pressurized water project was initiated originally as a 
effort to develop a 6,000 ekw core for use in a. plant being 

ed for the Army by A h 0  Products, Inc. 
lmt, vas originally required to provide reliable high quality 

for use at Nike-Zeus missile sites. As a result of a later 
ent of Defense decision not to use nuclear pomer for these cm now is no direct requirement for the SM-2 plant. Accord- * &e SM-2 core and pressure vessel program will be continued 

fo CompletR certain design and development test work now in 
'* 

lffie SM 

Tbis P 

f@@&iOn 

? 

which will provide a substantially complete design. w 

pressurized water prototype is a f actory-assembled, modular, 
k.tmqmtable nuclear power plant developed under Commission 
wtmt Kith the Martin Co. and funded in part by the ,4ir Force. 
kifial operation at Sundance Air Force Station, WYO., is scheduled 

Sptember 1961. 
Tnis plant is capable of being transported in 16 cargo aircraft and 
a Be erected within 60 days. These two features are of pnrticular 
qwtance at remote installations where construction time and sup- 
*facilities are severely limited. For example, in polar environ- 

the construction season is so short that any on-site construc- 
m requiring more than 3 or 4 months must necessarily extend over 
: at more years. The PA$-1 is the first plant incorporating stainless 
3rd. uranium oxide, tubular fuel elements. 

The PiWk4, located at  Camp Century in Northern Greenland, 
f 150 miles east of mule ,  is a further development based upon 

3 sx-1 design. This plant was fabricated in 27 packages which 
e mmbled and subjected to nonnuclear tests at Dunkirk, N.Y. 
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The contract n-as for a k e d  price with guaranteed perfom$=% 
and contained pro 'ision for payment of liquidated damages in erst 
failure to deli-rer on schedule, or to perform according to 'pgz5 

*. 

tions. 
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arch 31, the Commission reported to Congress on a study of the 

*om1 &?s we re jiirestigated in different areas throughout the world, 
w&s established that at several remote locations military re- 

$ ts for power could be met economically with nuclear power. 
Sound in the Antarctic was one of the most promising sites 

a further report was presented to the Congress on the Byrd 
Pole stations in the Antarctic. Power required at these tvro 

wg, less than the range of 5,000 to 40,000 ekw established ns 
for the original study. At both t-hese two locations, nuclear 

s a. marked economic advantage over conventional power in 
fact that delivered diesel fuel costs sei-era1 dollars a gallon. 
ion of nuclear plants was authorized at  Byrd and South 

in Antarctica but funds were not appropriated during 1960. 

Onar .& of nuclear poKer at  various remote military installations. 

f@ 

core test facility was scheduled for completion in late spring 
&h a SM-2 core, the first to be tested. As a result of a change 

cancellhg immediate requirement for the SM-2 core, and 
e of definite plans to use small pressurized water 

io appreciable numbers in the near future, it was decided not 

~ . -  r i d  Water Reactor fllodel and Code 

%>fartin Co. continued the program to develop a nuclear physical 
and fuel calculation code for pressurized water-cooled and 

reactors. The ultimate objective is to proride methods 
design of cores with longer life, improved power distribu- 
ced coolant flow and pressure requirements, and to refine 

of reactor control. Through an associated experimental 
program, the physical models and calculation codes devel- 
11 be verified and compared experimentally with critical es- 
S! and actual reactor operating data. 

I 

Bo&g Water Reactor 
i 

Q/ Low Power PZant No. 1 (SL-1) 

stationary boiling water plant continued to operate dur- 
:mat t.he National Reactor Testing Station, where it was used 
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k3 of plant. 
Dexelopnient and fabrication of a stainless steel core to reDlr, 

installed aluminmi core v a s  underway. Instalhtion of the c%E 
the SL-1 is scheduled for mid-1961. As of the end of 1960, tile I 

had operated for 9,300 equiralent full poFer hours and had geQ: 
about 1.9 million kilowatt hours af electrical power.* 

Gas-Cooled Reactor Systems 

Gas-Cooled Beactor Experiment ( GCRE) 

This reactor achieved initial criticality at the National 
Testing Station on February 23. Full power operation at 2 
(thermal) started in July. The initial developmental core m n ~ f  4 

plate fuel elements vas  replaced in September a core contai, ** 

iieK pin elements. The GCRE achieved full power with the s: 
core in November. 

The reactor was operated to develop engneerhg data for inrn 
ration in the Mobile Low Power Reactor No. 1 (RZL- l ) ,  a pras. 
gas-cooled mobile plant. The BEL-1 '(reactor and power c~ri& 
equipment combined) is to be transportable by standard militam 2 
trailer or aircraft. It will have a net capacity of 300 to 500 k 
pending on ambient temperature conditions. 

Construction of the prototype RIIL-1 reactor will be complete: 
i4erojet-General Corp. in January 1961 and reactor criticalk: 
scheduled for April 1961 a t  the National Reactor Testing S t z  

Idaho. 

B 
primarily as an operating prototype for the design and dej,elol: 1 
of the PL-1 and PIA, 300 ekw and 1,000 e h  prepackaga ~ PI.  

respectirely. Also, the reactor was used to train m i l i t q  ODt4] 
aiid to provide operating data relating to iiiilitar? use of t l ,  115 > A -  

* 0 1 1  Jauu;ir- 3. l9Gl an accident at  the S G 1  reactor caused the death of t *c*  1 
axid one Xarr  man who were getting ready to start the closed-doxn reactor. De- 
the cause of the accident and nieasures to  be taken to prevent its recurrence TFas e= 
D large task force of P s p P r t G  as this  report went to  press. 

d ~ i e d  Experirrzc 
dpfilr Experiment 
,&isprnent of the fil 
ffs. In such a sys> 
d i n e  and then is 
.WRE pit at  Nati 

&I y Compact 1 

i-tn June 27, a co 
q~ of America 3 

%light weight, c( 
rcW to 3,000 eL-1 
$cations. The 
m~ Corp. Pre 

10 the end of J 



rirrzent. Successful full-power operation of the Gas-Cooled 
ent (GCRE) during July marked an important milestone in 

t of the first direct- and closed-cycle gas-cooled reactor in the United 
such a system the gas, heated within the reactor core, is used to drive 

n is recycled to the reactor. Photo shows view looking down 
pit a t  National Reactor Testing Station in Idaho. 

Compact Reactor 

Gontpact Reactor (NCR)  Program 

-n reactor. rwt 
recurrence vas  

June 27, a contract was signed with the Nuclear Development 
of America for preliminary design and development of a mo- 

t Feight, compact nuclear pover plant having a power rating 
to3,000 e h - .  Such a plant could serve a variety of military 

:ions. The principal subcontractor for the project is General 
h p .  Preliminary design and derelopinent effort will con- 

~ the end of June 1961. 



. 

NAVAL REACTORS PROGRAM 

Nine nuclear-powered naval vessels were launched during 
&ding 8 submarines and an aircraft carrier, as the Unit4 
continued the expansion of its nuclear fleet. Fourken nuclears 
marines were in operation, 21 others were wider construction ad 
more authorized; a guided missile cruiser, a guided missile dwk- 
(frigate), and an aircraft carrier were under construction. 

The nuclear submarines continued to hang up “first$’-n 
winter cruise of 6,000 miles submerged under polar ice; a sub- 
circumnavigation of the earth. 

nuclear war-heads has started its first mission after a series ofa 
cessful tests with unarmed missiles. 

The first nuclear submarine equipped with Polaris missiles 

Nuclear Fleet 

Szcbmdriqw Fleet Reactor (S3W/S.4 W )  

I n  January and February, the USS Xargo carried out the first 
winter cruise under the polar ice cap. Sailing from Pearl Ihh 
she gained access to the Arctic Basin by way of the Bering 1 
Chukchi Seas, thus proving it possible for a nuclear-powed 1 
marine to traTel this sballow route at any time of year. The 
surfaced at the North Pole February 9 and returned to the 
Pacific via the Bering Sea. She steamed 6,000 miles under i c ~ ;  
31 days and surfaced 20 times, frequently through the ice. 

In August, the USS Seadragon completed an east-to-xed c m  
from the Atlantic to the Arctic Ocean by way of Baffin Bay and IkF 
Channel. After reaching the Korth Pole, the Seadragon atek 

’wtffin reactors for 1 
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‘ec  by way of the Chulichi and Bering Seas and continued on to 
pclD Harbor in Hawaii. She steamed a total of 11,831 miles of ?yi 10,115 sere  submerged. Seadragon proved the fe,asibilit? of an 
b i b  tl,er Northwest passa.ge for subniarines. ? s- 

F -  

Speed Submarine Reactor is the plant used by most of 
fleet. A total of 37 submarines diich Till use 

ve been authorized by Congress, including 23 attack sub- 
14 Polaris ballistic missile-launching submarines. Two 
attack submarines, the Scwlpin and tl10 Shark, were 

in March, a third, the Thresher, in July, and a fourth, the 
October. The Scorpion, commissioned in July, is the sec- 
ese attack type submarines to become operational. The 

commissioned in April 1958. 
ris-launching submarines are operating. The George 

was commissioned in December, 1959, the Patrick Henry 
9, and the Robert E‘. Lee on September 16,1960. 

dear 

er. Eyer since the US$ Nautilus put to sea, the U.S. Navy’s nu- 
The 

t during 1960 was the 36,014-nautical mile submerged voSage around 
the USS TTit092 ( shorn  abore). The Triton is the first submarine 
actors for propulsion power. 

submarines have been performing historg-making voyages. 



f 
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bunter-liiller nuclear submarine, Tullibee, which uses an SIC 
tor plant, was commissioned November 9. 

Long Beach 

ircraft carrier Enterprise, powered by eight AIW Type re- 
18nt;s, was launched September 24 at Newport Kews, Va. Con- 

of the guided missile cruiser Long Beach, powered by two 
ctors, was interrupted by a strike at Bethlehem Ship- 

which lasted from January 23 to June 22. 

eT (Frigate) Cmtructha 

uction of the guided missile destroyer Baiabridge at Bethle- 
building Division, Quincy , Mass., was similarly delayed. 
ridge is to be powered by two D1G-type reactor plants. 

of N u c l e w  IVavak P.rogz.am 

status of the naval nuclear propulsion program is summarizeci 

Prototype Plants 

d-based prototype plants for specific naval shipboard appli- 
3nd associated test facilities, have been authorized for  the de- 
t and test of various reactor plant systems, components, and 

ores under the naval reactors program of the Commis- 
Four of the prototypes are in operation, one is under construc- 

in the design stage. 

ar-powered aircraft 
,O make 20 trips tin~sa~ 
) refuel. The S;.Mrc 

t deck that is LlOl 
ing moved by tu@ 

f = sS1'FT Reactor Facility, located at the National Reactor Testlllg 
Fas designed and operated originally as the land-based proto- 
the reactor plant installed in the submarine A7c1utiZus. The 

plant nom- is operated as a flexible test facility in support of 
ranted development xork on improved submarine reactor - 

?Verns, components, and cores. In  1960, the third refueling of 
!F plant was underway. Several special subassemblies are 
h*rted in the core for testing in support of adraiiced core de- 
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TABLE 1.--i\'UCLEAR POWERED 1;BVAL SHIPS 

Type I Submarines and surface 
shlps 1 

SSN57l Nautilus- ............ Attack- .................. 
SSN575 Seaw-olf- ............. _____do .................... 
SSN578 Skate ................ Sm& attack. ............ 
SSN579 Swordfish-- .......... .____do ____. 

S S N m  Sargo ................ .____do ..................... 
SSN584 Seadrapon ............ __.__do ..................... 
SSN585 Skipjack ____. ._____--_ Fast attack- .............. 
SSR(N)586 Triton _______... . Radar picket .............. 
SSOw)587 Halibut- _ _ _ _ _ _ _ _  ~ Regulus missile _._. - _ _ _ _ _ _  
S S N m  Scamp ___...__...___. Fast attack .______.____... 

SSN589 Scorpion. - -. _ _  - - -. . - ----.do _ _ _ _  - - -. ~ ~ - - - -. - -. . ~ 

SSN591 Shark ................ ..___do ..................... 

................ 

SSK590 Sculpin- ................ --do-_-. ................. 

SSN592 Snook _ _ _ _ _ _  ............ ._do--- .................. 
SSN593 Thresher ............. ___.-do ..................... 
SSN594 Permit--_ ................ -do---. ................. 
SSN595 Plunger.. ............ ..---do _ _ _ _  ................. 
SSN596 Barb ................. _.___do ..................... 
SSN597 Tullibee. ............ Hunter-killer .............. 
S S B 0 5 9 8  George Washing Polaris missile _ _ _ _ _  ........ 
SSB(N)590 Patrick Henry _ _ _ _  __.._do ..................... 
SSB (N)W Theodore Roose- .... -do---. ................. 

SSB(K)601 Robert E. Lee .... ...__ do ______..__._ ......... 
SSB (N)602 Abraham Lincoln- . ____do _ _ _ _  ................ 
SSN603 Pollack--. ........... Fast attack. .............. 
SSN604 Haddo. .............. ..___do _____...._ ........... 

SSN605 J a c k  ................... --do ..................... 
SSN606 Tinom.. ............. _____do  ___._.___.._.. ...... 

SSN607 Dace ___. ............. .____do ____________... ...... 
SSB (K)608 Ethan Allen-_. ~. . Polaris missile _____. -. -. . 

SSB(S)G09 Sam Houston ..... .__._do .................... 

ton. 

velt. 

SSB(K)610 Thomas Edison-. ...... do .................... 
SSB (h3611 John 3Iarshall ....... ..do .................... 
SSN612 Guardfish--. ......... Fast attack- ............. 
SSNG13 Flasher-. ............ ..___do .................... 
SSN614 Greenling- ........... tin o do .................... 
SSh'615 Gat0 __.. ............. . ____do  ___...__._.._ .__I-.. 
SSB(N)616 L a h y t t c  ......... Polaris missile- .......... 
SSB(X)617Alexmnder Hamilton. . tin  do _ _ _ _ _  ............... 
SSB (N)618 Thomas Jefferson .--.-do .................... 
SSB(h.)619. ................. .-..-do .................... 
SSB(h)620.. .............. .................... 
SSN621__.. ................... Fast attack. .. ._.._.. .... 

SSN622- ...................... tin  do _ _ _ _ _  ............... 
SSS623-- .................... tin   do _ _ _ _  ................ 
SSS624 ...................... --.-do ___._____________ ... 

CG(S)9 Long Beach. ........ Guided missile cruiser ___. 

CVA(h')25 Enterprise-- ~ ~ ~. . ~ Aircraft carrier .__________ 

DLG ( 5 ) 2 5  Bainbridpe. - . . ~ ~ Guided missile destroyer 
i (frigate). 

- 
Status 

Operating .............. 
. . --do _ _ _ _  _ _  -. .~.  . ~. -. ~ ~ 

_ _ _ _ d o  .................. 
_ _ _ _  do--- ............... 
.... do ................... 
____do .................. 
- - - - do---. - - - - - - - - - -. 
.. --do-,-. .............. 
____do _______---_______. 

Launched Oct. 8,1960.- 
Operating.- ............ 
Launched Mar. 31,196& 
Launched Mar. 1 6 , 1 m . - .  
Launched Oct. 31,1960.. 
Launched July 9.1960. 
Under construction- - ~, 

_ _ _ _  do--- .__- - _ _ _  _ _ _  -. . 
.. A 0  .................. 
Operating-. ............ 
~. .-do _ _ _ _  - _ _  - - - - ._ - .. 

._--do ______- -__  _ _ _ _ _ _ _ _  
Launched Oct. 3,1959. 

Operating.. ............ 
Launched May 14,1060. 
Cnder construction- - 
.4ut horized-- - _ _  - - -. 

Under construction.. .. 
.. .-do-- ................ 
. ---do.--. .............. 
Launched Nov. 22,1960- 
Under construction.. .. 
... -do .................. 
__--do .................. 
Authorieed ____. . -~~ -. 

Under construction. -. . 
----do .................. 
... -do--- ............... 
Authorized ............. 
---do _ _ _ _  -. - - - - - - _ _  -. . - 

_.__do .................. 
. -.-do .................. 
..--do .................. 
.... do .................. 
-..-do .................. 

.... -do---. .............. 
... .do .................. 
Launched July 14, 1959.. 
Launched Sept. 24,1960- 
Under construction. - . 

1 Westinghouse is listed the reactor designer for all Fessels except for the Triton and 

2 Electric Boat-Electric Boat Dicision of General Dynamics Corp., Groton, COnn. 
General Electric, and for the Tullibec which is Combustion Engineering. 

Portsmouth-Portsmouth Saval Shipyard, Portsmouth, X.H. 
Mare Island-Mare Island Naval Shipyard, Vallejo, Calif. 
Newport News-Sewport N e m  Shipbuilding and Dry Dock Co., Newport Teffs, 
Bethlehem-Bethlehem Steel Co.,  Shipbuilding Division, Quhcy, hfass. 
Ingalls-Ingalls Shipbuilding Corporation, Pascagoula, Miss. 
New Tork Sbip-Kew Tork Shipbuilding Corpration, Camden, N. J. 

500 b -1 3 2 
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L L  SHIPS Adzlanced Reactor (S3G) 

d-based prototype located a t  Tvest hllilton, E.Y., con- 
submarine hull containing one reactor, with its 

gellerating equipment, and engine room niachiner? 
t. of a propulsion plant. A two reactor nuclear 

t of this type using tx-o shafts is installed in the USS 
$fter extensire operations to c o n h  the design features 

Yr,+j illb the shipboard plants, a comprehensive test prograni 
initiated with the S3G prototype plant in support of ad- 
ctor plant development work. 

- - - - - - _ - _  
. . - . - - 

_ _  .._._._ . 

. - -. . . . . . . 

.-___-..-___ 

. - - - - - - - - - -. 

_ _ _ _ _ _ _ _ _ _ _ _  
_ - _ _ _ _ - - _ _ _ _  

_____.-----._ smd Submarine Reactor land-basea prototype plant, designed 
jication to a small attack submarine, is located at Windsor 

__.__________ 'performanee evaluation testing of the plant was conducted ~ 

_ -___-- - - - - -  ' Test operation of this highly instrumented plant continued 
Fide design and operating inforrnntion for the small attack 

9 

ship Reactor (AIW) 

a i l~T  prototype plant a t  the National Reactor Testing Station 
be facilities for the development and testing of a two-re- 

uipment suitable for propulsion of 
perations have continued in  1960 

ide for analysis and evaluation of dual reactor plant per- 
and for periodic physics tests. Results of test operations 

nto the design and construction of the aircraft, 

__...- - - - - -  

_...__------ 

_ _ _  _ _ - - - - - -  

__..__.------ 

.______------ 

_..._...---- 

__..__.----- 

Enterprke and the guided missile cruiser Long Beach. 

t-r (Fr igak )  Reactor Ppototype ( D I G )  

..__ _ _ - - - - - -  
- ._- 

.__._-- - - - -  
_.._._------ 

ctor Prototype (DIG), located at  West Milton, 
ction of a destroyer hull containing a complete 

?plant with one reactor and an engine room with machinery 
er  with related systems and equipment. Two 

ofthis type are being installed in the destroyer leader Bain- 
work on this plant was resumed on June 22, 1960, after an 

of 5 months because of the strike against Bethleliem 
, ~ e v p o r t  S C ~ S ,  V* e plant presently scheduled for cornpletioll 
-, Mass. 
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rl‘atura Z Cimu Zation Reactor (S5G) 

Design and development work for the Katural Circulation 
(SSG), authorized by Congress in 1959, continued at 1’ 
Power Laboratory, Schenectady, K.Y. The land prototyp 
to be constructed at the Kational Reactor Testing Station, Jvitt e PI, 
pletion scheduled for 1963. The natural circulation concept Q 

P%& 
“PPliW 

advantages in pressurized water reactors for submarine 
because of its inherent safety, plant simplification, increased 
bility, and noise reduction. h 

lnolls .; 

AIRCRAFT REACTORS PROGRAM: 

The .Commission-Air Force aircraft reactors program mntk 
during 1960 to work on both direct cycle and indirect cycle 

O f E  
of aircraft propulsion, placing emphasis upon the development 
temperature materials, components, and reactor systems Cappa& 
meeting power plant performance criteria that were establish4 bs 
Department of Defense. 

Xuc1ea.r rocket propulsion, known as PrOjWt  Rover, and fom 
part of the aircraft reactor program, is described in Part. one o f L  

report. 
Work on ramjet propulsion (Pluto) and auxiliary power for + 

rehicles and other applications was continued. 

Nuclear Propalsion For Manned Aircraft 

Based upon guidance received from the Department of Defm 
the fall of 1959, both direct cycle and indirect cycle approncl~estiiI 
velopment of a nuclear power plant for a manned aircraft TeEQ 

h u e d  on a substantial scale. I n  the direct-cycle approach h s  
transferred within the reactor core to air which has passed ibm 
the turbo engine compressor. I n  the indirect-cycle approach. b 
from the reactor core is transferred to a liquid-metal coolant, I& 
releases the heat to the air in a radiator within the engine. %I 
partment of Defense established an initial objective of derelofi 
nuclear propulsion system capable of porn-ering an aircraft ‘ITifh R 

tively conventional aerodynamics in the 500,000-pound vi-eight. d~ 
a speed of from Mach 0.8 to 0.9 at an altitude of approximatel? 3 3  
feet, and with a potential power plant life of 1,000 hours. 

Oak Ridge Kational Laboratory is proriding general suppofl 
search, applied development, and testing in both direct and inb 
C J ~ C I ~  programs. I n  Koremhr, following preliminary 10vP 

5 0 0 b 1 3 4  
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e new Tower Shielding Reactor there became available 
i l l  obtaining shielding data and in testing an indirect, cycle 

on-er operation is scheduled for mid-1961. 
959, General Dynamics Corp., Convair Dirision, Fort 

has continued to provide airframe design support to con- 
h propulsion systems. preliminary design of an air- 
cornpat.ible with both systems has been accomplished. 

design indicates that such an airplane could meet 
ed the Department of Defense performance criteria 

ign versions of either type of propulsion reactor. The 
of the two propulsion cycles as applied in this airplane 

'i,m''n;ased ki 1s on projected fuel element and reactor capabilities to )GRAM 

t Rover, and fon+ 
ed in Part  One of 

Id Aircraft 

rM direct cycle approach is being deyeloped by General Electric 
e under Commission contract, a t  Evendale, Ohio, and at the Na- 

Transfer Reactor Experiment Eo. 3 (HTRE-3), a develop- 
lmject to obtain the experience and engineerhg data needed to 

8 fipqble nuclear propulsion system, completed its testing pro- 
in December. Designed to operate with two modified 5-47 turbo- 
ines, HTRE-3 operated for 146 hours a t  a 32-megawatt pomer 

iu Februaq. This experiment was a more sophisticated and 
1aBer test than HTRE-1 in January 1956. HTRE-2 (HTRE- 
:fid to test inserts in a central hole in the reactor COR) w s  used 

11 and derelopment and planning Gontinued on the com- 

~* Reactor Testing Station in Idaho. 

6 I 

he year to test several high temperature fuel elements. 

and reactor designs and tests to be pursued. 

the indirect cycle approach is being carried out 
['ommission contract by the Pratt and Tphitney Aircraft Di- 
f'nited Aircraft Corp., at the Connecticut Aircraft &clear 
Idmratory (CAKEL) , Middleto\vn, Conn. Research and 

:!lent continued on the reactor and liquid metal loop compo- 
quired for a IO-thermal megawatt high temperature experi- 

tions were initiated in a hot, laboratory facility 
L that contains seven hot cells for Torking Fith materials 

as an initial program objective. 

WF1ents exposed in in-pile test programs. 
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for the d e s i p  of indirect cycle facilities which will be requip4 
National Reactor Testing Station. 
facility is planned to start in earl_T- 1961. 

Construction of a 

Nzcclear Power For Uizmanned Vehicles 

Application of nuclear energy to unmanned vehicles is c&rpied 
in the program of nuclear ranijet propulsion, designata 
Phto, and the program to develop Systems of Nuclear A 
Power designated Project SNAP. 

NucZm Ramjet Pro&&n 

Laboratory, University of California, a t  Livermore, with some 
port on materials research supplied by the Atomics Internatio 
division of North American Aviation. The Air Force has the 
quardt Corp. under contract to provide engineering studies of 
engine performance. 

reactor is expected to provide engineering, thermodynamic, and 
rience necessary for derelopment of a ramjet reactor. In  photo, 

Lil area at the Serada Test Site. 5 0 0 b ” f %  



wed Vehkles 

aimtxt a 
Lir Force program 
r ramjet propulsi 
e E. 0. Lawrence 
Livermore, with 

he Atomics Internatiom< 
rhe a i r  Force has the 
ngineering studies of rims; 

JANUARY-DECEMBER 1960 149 

- 
of the SNAP program is to develop small, lightweight 

wered electric generators for satellites, space vehicles, and 
,ppli~tions. Two approaches to provide nuclear heat are 

development; one using the heat from the mdioactive decay 
isotope to generate electricity in thermocouples (as in 
and SNAPG), the other using heat from very compact 

to hive turbines (as in SNAP-2 and other even-numbered 
Other work sponsored by the Commission, using 

,pproach, is described in the section of this report on Radio- 
g s  

HF 

_ d 4 c t &  projects. In October 1959, the Department of De- 
~ m i l e d  its requirement for SNAP-lA. This two-module 
-in rhich each module produces 125 electrical watts, was to 

b a r k  mas already well under way, hardware development is 
=pmmpleted by building three prototype units and the first and 

to be tested with an electrical heat source. The third unit, 
aith cerium 1411, is scheduled to undergo test in June 1961, as 

a 3.5-watt, polonium-fueled thermoelectric generator used 
proof-of-principle device, has satisfactorily completed shock, 

and acceleration tests and is undergoing a life-test to com- 
mhis program by June 1961. The Commission?s Mound Labora- 

Earnisburg, Ohio, produced two refueling capsules for this 
the first containing 2,200 curies and the second 2,400 curies 

r.3. Coast Guard has requested the Commission to pro- 
type 5-watt and 30-watt units powered with stron- 
use in coastal light buoys. This will be an 18-montll 

~h tlie units designated as SXr'L4P-7A. and B. Initial 
!principle work in this field was carried out uiicler the COIII- 

Isotopes Develoyinent Program7 reported elsewhere. 

* sia 

md Radiation Derelopment. 

= 

111 Air Force satellite. 

e r a t i o n  of high power radioisotope units. 
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Electricity Generator. 
sized, 3.5matt SNAP-3 which was unveiled during 1959 by Pr 
hower. I n  this larger electricity generator, heat from tightlF sealed 
cerium 144 is conrerted into 125 watts of electricity by the hundreds 
couples leading to the outer surface of the device. The generator RaS 

by The Martin Co. for the Commission’s Systenis for Xuclear -briili 
( SSAP) program. 

*4bOVe is the SNAP-IS, “big brother” of 

Siinilar 5 and 30-watt strontium 90 units  ill be dew10 
a. Xary requirement for  automatic weather station POIT 
These units are designated SNAP-W and D. 
3 ototypes are scheduled for -4upis t  1961 and Narc11 1962- 

Deliver 

5 0 0 b f 3 ’ 9  
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The goal of SNAP-2, which has been under de- 
p SlllCe 1956, is to develop tt 3 ekw rexctor-powered turbo- 
&fnient+m for  space application. A lig~itweiglit SXAP-~ proto- 

.Lo L Esperimental ‘Reactor (SER) , achieved full power 

4&,? pray 
r1c. P 

00 F) in R’oveniber 1959, and rail luit,il Korember 18, 1960. 
ws operated a t  50 thermal kilowatts for 4,200 hours and 
a total of 6,052 hours before shut down for post-opera- 

Hydrogen leakage rates, xenon buildup, temperature 
ts aIld other operating performance data are being de- d @U’+*J -- 

;eien ? 

@* s f l e g  turboelectric conversion equipment, designed to produce 
~ , o o o  revolutions per minute (rpm) , has undergone endur- 

*”. The first test of the SNAP-2 combined rotating unit in- 
bearings, alternator, and pumps, was terminated after 

,,f ContinUoUs operation a t  35,000 rpm and 2 kilowatts. A 
mion of this mercury vapor turbogenerator package has 

2,500 hours at 40,000 rpm, which is equivalent to the 
time of this unit. The conversion equipment is scheduled 

m n a ~  to a SNAP-2 reactor in the SNAP Environmental Test 
ia early 1961. The end objective in the SNAP-2 program 

D U B  
Erv 

by 1964 of a system capable of being used in fight. 
b w  - 8 will be SL reactor turboelectric conversion system designed 

Sational Aeronautics and Space Administration (NASA) re- 
nts. The system will produce 30 ekw with one power con- 
anit and 60 kilowatts with two power conversion units coupled 
a m e  reactor. KASA has selected Aerojet-General as the 

tractor to develop conversion equipment for SNAP-8. The 
on has responsibility for development of the reactor, reactor 

 IS, and shielding. Design and analysis is under way with the 
@reactor power test scheduled for early 1962. Objectives are 
dsystem lifetime of 90 days by late 1963 and l-year proved life- 

? 1965. A Commission-NASA Coordination Committee 
4P-8 reactor and conversion 

latt 
wrdinate development of the SNL 

development effort on SNAP-10, a 300-watt thermoelectric 
as been redirected and the project has been redesignated SNAP- 
f’rogram effort now- is ainied toward the production of a coli- 
-coded sj-stem utilizing the SNAP-2 reactor and the thermo- 

Suclear A$usiliarF muversion materials developed for SNAP-10. In the SNAP- 
elice, reactor heat is transferred to the converter by a mixture 

*d sodium and potassium, which is circulated through a loop by 
1 electromagnetic pump. This system, weigliing about 700 

4 Rill be capable of producing 500 watts. 

1999 by Preside 
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Aeyaospace Xuclear Safety Board 

An Aerospace Xuclear Safety Board, established xitllill the r' 
mission in late 1959, is analyzing nuclear safety problelns relati, 
nuclear-propelled a'ircraf t and missiles and systems of 

oped in advance to meet such problems and contingenci 

radiation, ( e )  containinntion of ground facilities, ( 6 )  ]auncIl and 

Cially intact devices. 

% 

pojTer. Operation of these devices requires that safeguards "&{; be de,,- 
- 

release of fission products under routine or accidental conditions es as f -  12 

shielding of aircrews and supporting ground . . .  personnel from 't ~~ f! 

orbital failures, and (e) random return to the earth of intact or Fh. 6 
The Board was briefed on aerospace programs, visited instau 

"hg 
and p d k  

<> 
Pbj 

and met with representatives from Federal agencies 
groups in order to develop criteria for safe use of 
aerospace devices. The Board is preparing a report to the 
sion incorporating recommendations on aerospace policy and 
dures and standards of safe practice. 

1 
1 Civil Uses of Nuclear Explosives 

During 1960, the Cormnission's Plowshare program of resa 
development to investigate possible civil uses of nuclear ex 
included theoretical st uciies and laboratory and field experinlats 
high explosives. 

OVERSURDEH 

LAYOU 

INSTRUMENTED 
SAMPLING HOLES 

Possible Expcrintett l .  If the Ijuited States should decide to detons 
device to demonstrate civilian use of nuclear explosives, one Of 
share program experiments would be conducted in southeastern 
The project, called Gnome, would be to study the production and 
aud isotopes produced in a contained nuclear explosion. Above 
diagram of how a 1,200-foot shaft would be sunk into a thick 
bed for detonation of a 10-kiloton explosive. 

Neutron Phys ics  
Experiments 

.f 
"""C'U Pluq 

\ 
Expenmcntol Vacuum Line Zero Point 

1000' >. 
! 

d e d .  
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Engineering 

of high esplosi1-e cratering experiments was conducted dur- 
These experiments were designed to increase knowledge 

'r tB formation and to establish scaling laws in different I" 
media, in order that more accnrate data may be arailaH]e for 

$3 Iosrrn of nuc~ear cratering experiments. 
rejects at Nevada Test Site constituted the major portion Three p Itbbpmgram for 1960. 

was an experiment with linear high explosive charges Toboggan 

9ries 
si the yenr. 

d e b  

&tiurn- 
f srd was a series of 1,000-pound and 40,000-pound high ex- 
RllcI;bo 
Y -  shots in basalt. 

ter was a 500-ton high explosive shot in dluvium. 
*ect Chariot, a study to determine the feasibility of a pos- 

,@vation experiment for civil engineering projects, environ- 
ba&gOmd studies were continued by Commission contractors. 

Rmxhately '75 people were in the field during the working year. 
sgdar explosive techniques for possible construction of earthfill 
* 

can&, and other large earth-moving projects also are being 6 

zn P-W 

lcatal 

The Gnome Experhen8 

fmfilg for a nuclear experiment in the Salado Salt Basin near 
' k ~ ,  N. Mex., as reported in the Annual Report to Congress for 
3 : mntinued during 1960. In  this experiment, designated Gnome, 

for a IO-kiloton explosive to be detonated a t  a depth of 1,200 
8 thick subsurface salt bed in southeastern New Mexico. 

3m may be carried out only if authorized by the President of the 
eq States. 
:&ailed measurements are planned in Gnome to study the pro- 
&on and recovery of heat and isotopes produced in a contained 
' r explosion. Observations will be made to increase under- 

of underground nuclear explosion phenomenology in a salt 
&. 
=addition, the plan has been enlarged to include taking certain 
B physical measurements to en1 arge basic knowledge of atomic 
=-im. This added program of physics and radiochemistry re- 
& be conducted jointly by Lawrence Radiation Laboratory, 
b h - 1 0 ~  Scientific Laboratory, a.nd Brookhaven National Labora- 

!% P. 92. 

L- 

p-- 
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t o q .  Tlle work consists of four neutron esperilllents that are 
impossible or extremely difficult to perform d l r  present1Y ayajl;; 
laborat orF techniques. 

Three of the basic experiments utilize moderated ( 1-1,Ooo eT 
trolls which have traveled doKn a 1,000-foot mcuum pipe to 
time-of -flight separation of. neutron energy specatra. 
will Ije used to study fission and capture reactions as \I-eU as 
parameters for various heal-7 nuclei. 

direct interaction process in inelastic scatteri~ig in c8arbon. ~1,~; c. 

periments also d l  help establish tecliniques for the L1tilization 
clear explosions as a research tool. 

Technical a i d  scientific construct ion, and p rep ra t  ions up 
excluding, the emplacement of a nuclear deT-ice, were authorized jtae 
16, 1960. On June 9, the prime contract for Gnome constrw&, a 
awarded. 

Laboratory investigations of ( a )  the chemical and thermal etfF, 
and ( b )  the mass and heat transfers associated mith power, ‘9 
and chemical production hare been started. Corrosion rates of B; 
terials of construction are being studied. Phase equilibria studie 
high temperature and pressure also are plailned for  other rnedir. 
interest in the Plowshare program. 

I16 

prf,ki 
The lle,ltll 

'Die fourth basic experiment,, utilizing fast iieutroiis, ~ i l ]  Studr [ 

1, t 

Exploitation Of Natural Resources 

Drilling and mining operations at  the Rainier site (h’erada T~ 
Site) have demonstrated the possibility, by using commonly wep2 
mining methods, of mining back into the area of undergrow$& 
clear explosions in volcanic tuff. 
Rainier has demonstrated that it may be possible to apply nu& 
explosives in preparation for economic mining by a modified bhm 
caving technique. 

Another potential application of nuclear energy to mining o p  
tions would be the use of nuclear explosives to shatter a buried oreke 
so that the ore could be leached in situ, thereby recorering metal 5s 
a deposit that would not repay mining by conventional means. 

A. studp is continuing on the feasibility of using nuclear e$*= 
in the recovery of petroleum products from ta r  sands and oil ship 
-4. small-scale high explosive experiment, called Pinot, to 
migration of gaseous products along bedding planes in oil shale 
conducted in August 1960 at Rifle, Colo. 

Experimental mine installati= 

f i e  Commissic 
B&c e ~ p l  osi ve: 
far these uses an( 
gmxril possible c 
&&ped to minin 
aim the cost and 

9110 Cornmissic 
di Plo~sha re  
-rn has yet 
mid suthorizati 

been met. 2 
&jets as radia 
mpagstion ; seis: 
4 possible effec 
% mntinuousi 

mperimenk 
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General Research 

ed d e i g l  of Plowhare nuclear esplosii-e devices and pester 
lfi1Pr?in die prediction of their effects are the objectins of a 
8@' Radiation Laboratory research program in the field of 
r@@ 1 

~ 

,llocks in solids. This program includes development of M o r a -  
,fiments ti0 simulate the shocks from underground nuclear esp c* ns the design of instruments to measure shock parameters, 

~~~~o ' uli investigation of strong-shocli p1ienomenolog-y in rock 
pt g 

fh0rOUm 
to those in which future Plowshare experiments 

,.Ml& Explosions Reseaych 

oll the phenomenology of contained underground explosions 
@buing. PlolTboy was a Post-Cowboy excavation study of effects tzw Bxplosive shot in salt. The actual detonation was conducted 

the Covboy project, a part  of the Seismic Improvement 

e** 
Devices Research 

rM Commission has recognized that inany peaceful applications of 
g h r  explosives will require nuclear explosives designed specifically 
rhm uses and is conducting theoretical and laboratory studies of 
qal possible design concepts. Generally, these devices would be 

to minimize the production of radioactive debris and to  mini- 
the cost and utilization of special nuclear materials. 

Safety 

(hnmission places major emphasis on safety in its studies of 
& Plowshare proposal. No nuclear detonation for the Plowshare 
L - m  has yet been authorized and the Commission will not recom- 
E< authorization of any detonation until all safety requirements 
='hen met. Studies which assist decisions on safety include such 

@?&on; seismic damage ; possible ground water contamination ; 
kwsible effects on any biological systems. All these factors are 

continuously evaluated in connection with all proposed Plow- 
qr iments .  

E %e 4- as radiation release; weather prediction; blast and shock 
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The Plowshare Advisory Committee met in Octtober and 
*! “tk other things, considered the emphasis placed on public safety 

share work. It reviewed the program in total from the safetJ F’ 
of view and took into account precautions and experiences $3 

of f =  weapons test organization, analysis of weapons effects tests =- 

‘nd 8 
cia1 field experiments with high explosives desiped to furnish 

%* tions to safety problems. 

In 

Physical Research 

Some 18 percent of the commiSSioll’s $167 million eXpenditur 

for the design and construction of research facilities. Chief a& 
these facilities are large particle accelerators which are e a n t d  3 

research in high energy physics which helps scientists increase < 
understanding of nuclear phenomena. 

During the year, Brookhaven National Laboratory complew ~ 

struction of the new $31 million Alternating Gradient S y n c b  
(AGS) , and produced a bean1 with an energy of more than 30 
electron volts (Bev)-the highest so far achieved by any ma& 
in the world. 
this report. 
ough search for hitherto undiscovered nuclear particles which 
great energy of this machine makes it possible to produce. 

During this year, the Commission returned the 3 Bev COD% 
a t  Brookhaven to operation after modifications and improvema 
planned major improvements on the 6 Bev Bevatron at  the Uniree 
of California E. 0. Lawrence Radiation Laboratory ; went ahead a: 
construction of the I O  to 15 Bev Zero Gradient Synchroton R E  
at Argonne National Laboratory, the 3 Bev Prinwton-Pennyha 
Proton Accelerator and the 6 Bev Cambridge Electron AccelemE 
began design and engineering work on the Stanford Universitp lk 
accelerakor project. 

Among other projects are plans for construction of t r o  b i _ n h - ~ ~  
research reactors costing between $10 and $15 million eacli, Om 2 

Brookharen, the other at  Oak Ridge Kational LaboratorF, d 1 i d  
produce 3 to 5 million billion neutrons per square centimeter I 
second. 

The research activities and results, usually described in this 
tion of the Annual 1:epor.t to Congress, L hare been made the sUbjg’ 

physical research programs in the year that ended June 30,1960 7 %  

Design and components of the BGS are descri& 
The initial research program will be devoted to a 

F 

Brookhaz 

Kith SuccWsful ( 

concentrating 
&intensity of the 
d i e s  mill help pr 
d rusiliary equipn 
e r c h  devices. 

k ~ t . c h  Program 

Lrfy research wI 
isdear particles gc 

the nuclei of t: 
&rered partic 
d u c e  new partic 
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~3 antniparticles co - 
%omit EnergS Resea 

by the Unlted Si 
’ b m e n t s ,  O.S. Gove 
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to the Congress in 1960.8 I n  this regular Annual Re- 
escribes construction and improye- 

PARTICLE ACCELERATORS 

B , . ~  k haves's A h  ernat ing Gradient Sy nc h r ot r o n 

in high energy physics in the 
letion of construction and success- 
ewest and most powerful particle 

]emtor -the Alternating Gradient Synchroton (AGS) a t  Brook- 
xational Laboratory. On July 29, this machine for the first 
duced a beam of protons at an energy of more than 30 bil- 

d&fi on volts (Bev), the highest yet attained anywhere. The 
e r a  so far attained with the AGS is between 32 and 33 Bev. 

&* * rrcelembr of similar design was completed late in 1959 at the 
Organization for Nuclear Research (CERN) Laboratory a t  

5 0 0 b 1 4 5  

~ d z e r l a n d .  Its beam has an energy of some 28 Bey. Other 9% 
,8Neler2tors being planned or built in the United States are in 
I c b l j  Bev range. The Soviet Union is constructing a proton syn- 

mh successful operation of the AGS, scientists and technicians 
concentrating efforts on perfecting its performance-increasing 

;;ntensity of the beam and determining its characteristics. These 
ie ail1 help pro"ide information used to determine arrangement 
d i s q  equipment for guiding beams from the machine into the 
a h  devices. 

in the 60-70 Bel- energy range. 

Program 

klp research with tlie AGS will be devoted to indentification of 
hr particles generated when protons from the machine collide 
- :he nuclei of target atoms, and to a thorough search for hitherto 
-%rered particles. The high energy beam makes it possible to 
&c* new part icles of masses intermediate between electrons and 

(mesons) ; others of mass greater than protons (hyperons) ; 
rZLtiparticles corresponding to most of them. It is believed that 
.rc, 

@jcERern Research in Life and Phssical Sciences-1960,'' A Special Report to 
bF the United States Atomic Energy Commission, January 1961, Superintendent 

-aats, 0.S. Government Printing Office, Washington 25, D.C., $1.25. 
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O tlrr: 1% understanding these particles may give scientists the Icey t 
structure of the atomic nucleus. 

One purpose of a high energy accelerator is to produce larrsF I 

tities of various types of mesons found by physicists to be $( 4% 
involved wit11 the powerful forces that hold nucleons together 
the n~c leus .~  The ,4GS will make possible studying meSOn . 
tion with protons and other atomic nuclei at  much higher enepe t’ 
previously available in the laboratory. The new accelerator ai B 
be an important and prolific source of hyperofl+-important QeIiz 
of the family of elementary nuclear particles, the discoverS - 
was instrumental in developing the useful tlieory of ‘‘Strange Of RuF‘* kf‘i?; 

abundance so that their detailed properties can be studid mh zritfi ~ 

particles.” =e2 
~ n o t l i e r  important research program for the new accelerator 

t 
b deal with antimatter; such as antiprotons and antineutrons, 

higher energy of the AGS will produce these particle * 

hope of opening a new chapter in the field of particle physics 

Besearch Method8 

Mesons and other high energy nuclear phenomena will obRe 
by means of the newly developed device known as the y, 
chamber.” 
means of LLcloud chambers,” where charged particles produd 
densation of supersaturated vapor and left a visible trail of ik 
droplets. 
collisions between particles occur with relative infrequency. 1 1 ~  
over, a comparatively long time must elapse after a single p i e  
has been taken of a nuclear event to clear the chamber and nub- 
ready for the next event. 

The bubble chamber overcomes these limitations by using B lip 
medium instead of gas; for example, hydrogen cooled to a 
t Lire of -414” F under a pressure of about ’io pounds per squs 
When this pressure is released, the liquid is momentarily superh 
i.e., ready to “boil“. 
introduced into the medium, boiling begins along the track of 
particle. The particle thus inakes a visible track of bubbles iz 
liquid hydrogen, and these can be photographed by special 
located behind a glass -wall of the chamber. The cameras an 

Until recently, interactions were observed prima 

But in cloud chambers the density is low and 

I f  a stimulus, such as a charged pani25- 

See pp. 7s-79. Atomic Energy Research in Life and Physical Sciences, 1960: 
1961, Superinteiident of Documents, Washington 25, D.C., $1.33. 
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ed 
a high-voltage light-source, the entering beam of 

articles, and the niechanisiii controlling the pressure 
jlanllmr* 111 this TXF. pllotogri~phs are taken fo i~  e:icIi piilse 

frolll the accelerator. Increasing the pressure in the 
the bubbles disappear, erases the track and makes the 
ready to receire and register another pulse of particles. 
e chambers now are used at  Brookhaven in connectioii 

Cosmotroii accelerator; in the future most of these 
the AGS. I n  addition, an 80-inch hydrogen bubble 

to be the largest in the world, now is under con- 
Brooldlaven. A 72-inch hydrogen bubble cliainber, the cites another important group of tools for research at  

.\GS. These include both scintillation and Cerenkor counters 
?S 5 indicate the paSSage Of ionizing ehtIelitary particles by niealis 

ta&les. Very large and coniplex arrays of counters are used to & 
nuclear particles and to help in determining their paths and 

tion at 
&amber built to date, is in use a t  the Bevatron. 

AGS was authorized and funds allocated for its coiistructioii in 
following completion of preliminary design studies which had 
started in 1952. Three Brookhaven scientists, E. D. Courant, 

EL* c; Livingston, and H. S. Snyder, had erolved the idea lo that par- - collld be accelerated to greater energies than were then being 
ed through use of “strong”, or “alteriiatiiibrr-grradient”, focusing 

- I  The accelerated beam. 
1~431 cost of the AGS and its buildings is xpprosiniately $31 

De staff m-orking on the AGS consists of over 1’70 people. The 
Tjwt has been under the direction of L. J. Haworth, Director of tlle 
&ntory, and of G. K. Green, Chairman of the Accelerator De- 
=+ruent Department, and J. P. Blevett, ,4ssociate Chaiimixn, all 
- rimm played important roles in the design and constructioli of tlle 
QT Cosino t ron . 
yarjous elenleiits of the AGS are pictured and descrihed in tlle 
-ymyiiig series of photographs. 

ion. 

---c-- 

P since has been found that D. similar idea of strong focusing had been propo.wd earlier ‘ Chriqtofiios of Greece. 
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Atomic Pmticle Accelemtom 

Just as the telescope enables the astronomer to p r o h  the 
the microscope aids the biologists‘ quest for the secret: ‘ of “atl,,,; 
tile life processes, the high energy particle accelerator 
smasher”, malies infinitesimal bits of inatter perform in) ,“’ ’S 

of the characteristics of the atom. 
The key to accelerating particles is the fact that like e, 

charges repel each other, while unlike cliarges attract each otlle,, 

is able to speed up the flight of electrons and protons to such a vel 
that tlieir collision with other atomic nuclei snlashes the tarvet 
sending its component particles streaking or whirling off into 
Detection, through photographic and other means, and analysis 
paths of these component particles provides man with linoxl 
the structure and binding forces of the atom. 

The photos on the following pages show some of the major 
ment used in the Commission’s high energy physical research pp- 

that can be observed, thus pro’iding man with increased kno, % 

using alternating electrical fields within vacuum char&ers, k 

b 

Ionized particle tracks in this early “cloud” chamber photograph offered mss 
information on the structure and binding forces of the atom. Taken in E 
i t  is one of the first cloud chamber photos obtained with the Cosmotron a&* 
tor a t  the Commission’s Brookhaven A’ational Laboratory. I t  shows hi@ esz 
particles resulting from a single pulse of 1.3 billion electron volt (Bey) W 
striking 8 +&inch brass target inside the Cosmotron. The cloud cham&* 
was located 125 feet from the target. Particles reaching it traversed the 
stainless steel outer wall of the Cosmotron’s ~ a c u u m  chamber, two h 
and the %-inch stainless steel mall of the cloud chamber. Submuen 
ment of the “bubble” chamber and the means for accelerating particle 
sped enabled science to make more “readable” photographs of nuclear- 

b U 8  
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ATOMIC PARTICLE ACCELERATORS 

New Alternating Gradient Synchrotron 

161 

,mtber of the Commission’s “family” of high energy particle acceler- 
the gternating Gradient Synchrotron (AGS)  a t  the Brookhaven National 

In  July, 1960, the AGS accelerated a beam of protons [hydrogen mWrF. 
~ sVipped of their electrons) to an  energy of more than 30 billion 

Toits (Bev) , the highest energy yet obtained with a particle acceler- 
fie above photo, the outline of the tunnel housing the &$%foot dia- 

mt Mif-mile circumference magnetic ring can be discerned. The accelerator 
m~ within an 1S-foot square, concrete-lined tunnel that  is covered by 

of earth. The particles are injected into the accelerator from the 
d bailding (bottom, left) and make a onesecond journey of more than 

es around the magnetic track before crashing into an atomic target 
thin the research building astride the tunnel (top of photo). The 
pathway is an  oval-shaped vacuum pipe, about 7 x 3 inches, that 

rrclthrough the jaws of C-shaped magnets. There a re  240 magnet units, 
?.,weighing 16 tons. The magnets hold the particles in a relatively stable 
Fsirhin the w m i m  chamber while they pick up speed as they pass through 

k w e n c y  accelerating units. Each unit gives the particles an  8,ooO- 
frsr;~ in speed so that toward the end of their journey they are traveling 

:Q:rrcitF Fithin n fraction of $40 of one percent of the speed of light, or 
W t e l s  1SG,000 miles per second. According to Einstein’s theory of 
--% the mass of the protons has been increased by more than 30 times 
b velwit?-. H e a v  shielding (earth and concrete) is required for pro- 
*eminst the Cosmic-type radiation given off by high energy particles, 

9 

t 
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A par t ide’s  path as it is accelerated and put to research use at the AGS 
traced on the above diagram of the Alternating Gradient Synchrotron's p 
cipal features. Protons are produced in the ion source (point A) by pass 
hydrogen through a n  electric arc which strips the electrons off the hsdrq 
atoms. The resulting protons then are giyen an initial acceleration in the Qx 
croft-Walton generator to 730,000 electron volts (750 Kev) before b&gl 
jected into the Linear Accelerator (point B) where their energy is W 
to 50 million electron volts (50  Mer). At this energy they are injected B 
the B G S  magnetic ring where they make some 370,000 circuits around f 

half-mile track in a second before being forced into a 30-32 Bev Corn 
with an atomic target in the research building (point D). The Shoffa 
atomic sub-particles resulting from the collisions are detected by phot@fPln 
equipment in the bubble chamber house (top) or in special detection d m  
located in the experimental area (right). 
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power radiofrequency system. ‘me  sys- 
tem pulses the acceleration electrodes, 
or “drift tubes”, at a rate of 200 million 
cycles per second. With each pulse 
cycle, the attracting and repelling force 
of alternate drift tubes is reversed. 
Resonant frequency tuners located 
within the vacuum tank, working on 
a radar-like principle, energize the 
electrodes only when the proton is 
crossing a gap between the tubes. 
Thus, the repelling force of the tube 
behind aids the attracting force of the 
tube ahead to give the proton an ac- 
celerating “kick”. 
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Although t h e  tan?; of the Linear Accelerator has a 37.4inch inside diami. 
the pathway for the proton beam is only onehalf of a n  inch across at the‘; 
energy end, where the particles enter from the Cockcroft-Walton gemrnB 
The particle beam passes through the small hole in the center of the m e  
celerating electrodes, or “drift tubes”, which can be seen with their y e  

and horizontal support stems in place within the tank. Alternating grab 

focusing magnets within the drift tubes exert forces to keep the protonst- 
wandering very far from the central axis. The particles receive an acceleraa 
“kick” as they pass across the gap between each of the tubes, and in the qq 
right hand section of the tank can be seen the ball tuners which s e m i  
provide the proper resonant frequency of the tank. The copper-lined outer b 
is 110 feet long and this length is maintained constant by circulating rn 
with a temperature constant to 0.1 degree. A high vacuum is maintained E? 

minimum organic contamination by the use of 20 titanium evaporation p,nm: 
The 50 Mer Linac is itself a major accelerator and is one of the three lam 
existing proton linear accelerators in the world; the others are the W 
machine a t  CERS, Geneya, Switzerland, and the 70 Mer remarch 
accelerator a t  the University of Minnesota. 

~w magnets, each 
m i n g  16 tons, kc 
ga~~ on a relativel: 
keh magnet secti 
&eat 3,200 lamina 
mxl plates. The T 

ween the C-sham 
feets, which alternat 
SIKI vertical forces 
W them from ‘ 
*vacuum tube. 
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tcne heam leaves the Linear Accelerator (behind shielding wall, left rear 
yp through the four-inch pipe (leading to lower right of photo) and 
‘ibot9)_o~gb a series Of focusing lenses and steering magnets into the orbit of s%a r A ~ ~  magnet ring. The pipe extending across the aisle ( to  left)  is the exit 
Ffor an analyzer magnet which bends the proton beam through 25” to 
-be the energY spread of the protons. In the foreground is a viewing box 

Inside it are adjustable slits 
used to align the proton beam and to examine its spatial and angular 

eZbntjon in order that the correct focussing adjustments can be determined. 
&the  viewing box there is also a quartz plate which can be rotated into 
Bm for yisual observation of the beam position and dimension ; the protons 

g upon the quartz produce light, which is observed by means of the TV 
ea in front of the man in foreground. 

lacite covers over the drive mechanisms. 

wwmgtlcfs, each 90 inches long and 
IrAing 16 tons, keep accelerated pro- 
e w  a relatively stable orbit path. 
Srh magnet section is made up of 
e 3.200 laminations of 0.035-inch 
--: phtes. The rncuum tube fits be- -- the C-shaped jaws of the mag- 
p.. ahich alternately exert horizontal 

wtical forces on the pnrticles to 
% them from “wandering” within 
e Q m m  tube. 
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fhich intensifies 

SSS” intensifies 
farusing the partic 

2,;Wton ring m a p e t  x*ns the first manmade device to accelerate p r ~ ~ t ~ -  

r0n-s of lead bricks (dark objects) from the massire concrete block s k d  
tunnels can be formed through which the secondary particles ProdudF 
atomic collisions within the accelerator can pass and be detected bS 
instruments located behind the shield. 

of the me 
’& Cmmdron. 
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The 6.2 billion eEectron volt Bevatron, located at the Commission’s E. 0 L- 
Radiation Laboratory at the University of California, has been a Prome * +F&& 

tributor of new basic knowledge for  nuclear science. First operated in ~- %L 

research with the Bevatron has since led to discovery of at least thee hmgicr 

high energy particles-the anti-proton, the anti-neutron, and the neutral 
hyperon called “Xi-aero”. Photo shows the Bevatron building (center) 
in the hills above the university campus. I n  the background is the 
building housing the 184-inch cyclotron, 8 730 Nev accelerator. In  the 
the city of Berkeley. 

* 

The Becatroiz (beloK), Kith a diameter of 125 feet and a ring magnet c o n r b e  
9,700 tons of steel, was the Commission’s highest energy accelerator unMB 
neT AGS went into operation. Accelerators such as the Beratron, Cosmom 
and AGS use a series of magnets, vihich are pulsed on a sFnchronized pattent h 

increasinglS greater strength, to accelerate proton particles as they orbit Prie 
a racuumed passageway located Tithin the magnet sections. The crane (t@Fd 
photo) was used to lift the heavy magnets and sections of the concrete S h k f e  
(foreground) during recent repairs to the Bevatron. 
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de ~, -aaf f  generator is the see- 
of accelerator to still 

rl,l in high energy physics re- 
the Cockcroft-Walton is the 
Shown a t  right is the inner 

Van de Graaff being 
at the Commission’s Los 

dentifie Laboratory. Inside 
belt which carries 

charge from the bottom 
ne to the high-potential 

the belt can be seen 
column. When the 

is in operation, the vessel (top 
1 is lowered over the column 

eparation column inside the 
snugly around the inner 
hen completed, this aceel- 

ons in the insulating 
he four shown, and 

The aeparution column of the Los 
Alamos Van de Graaff machine with its 
interpotential shells removed is shown 
in photo at right. This type of accel- 
erator uses the electrostatic generator 
principle of a rotating belt that  builds 
up a tremendous electrical potential- 
in the same manner that a static elec- 
tricity charge is created by running a 
comb through a person’s hair. Since a 
hollow body will accept any available 
electrical charge, irrespective of its own 
voltage, it is possible to build up the 
potential by continually supplying an  
electrical charge to the semi-sphere atop 
the machine. For  high energy physics 
research, the electron discharge is 
d ram off the top of the generator by 
means of a hollow tube, allowing high- 
voltage ions to strike an atomic target 
at energies up to 10 M e V .  
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-bbblc" ck am ber photograph above, made at the Commission's Lawrence 
&tion Laboratory, led to the announcement in March 1959, of the discovery 
br  preriomlY predicted ghostly atomic particle, the "Si-zero", a neutral cas- 
e ~ ~ p r o n .  The unique discovery-invol~*ing analysis of two invisible 
+.*-tms made after more than a year of effort during which the Labora- 
qg 13-inch bubble chamber was bombarded with negative K mesons producecl 
-geB~'istron. and some 70,000 photographs had been taken. On the basis of 

z e  discoreries, scientists foresaw that  such a particle could exist and that 
r p i t  Fould not hare  an electrical charge it could not be photographed but 
nm to be deduced from other tracks. This is the only photo that  posi- 

-C,T showed the anticipated event. Tbe diagram inset helps explain the action. 
@ring negntire Iz meson (E-) shows a track that suddenly ends, having 

Kith a proton and producing two neutral particles. Some distance 
- ::ifA track's end are the characteristic V-shaped tracks formed by decay of 

* m r a l  particles into charged particles. However, the upper "V" is not at a 
Wle, leading to  the scientific conclusion that  the K--proton collision 
the predicted S i  zero(E") which decayed into a lambda (A)  and Pi 

rnD). In  turn. the decaying lambda became a proton (P)  and a negative 
'n (n-1 which formed the risible "coclied" aiigle tracks. The whirls 
tracks of low-ener,T electrons. 
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Other Accelerators 

Bevatron 

major improvements program of the 6-Bev Bevatron at  L 
Radiat.ion Laboratory, Berkeley, is being planned, which, 

oue ~ period of some 4 years, will almost completely overhaul and m+ 
ize the machine. Its beam intensity will be increased, the e+ -_ 
mental facilities expanded (including external beams), and 
k veneral reliability and flexibility of the machine's perfomah 
improved. 

+* 

Three f lew Accelerators 

Three multi-Bev synchrotrons are at  present in various 
of development. 

Construction of the 10-15 Bev Zero Gradient Synchrotron (2~ :  
at Argonne Kat ional Laboratory is proceeding approximately E 

schedule with completion of the basic machine expected in thek: 
mer of 1962. Extensive expansions of the experimental fad i t i s  g 

this project are to be carried out concurrent xi th  the constructkz 
and following completion, of the basic synchrotron machine. 

Completion dates of late 1961 are nom indicated for the &I&- 
Pri?zceton-Peinlzs~l~an~~ Proton Accelerator (PPA) at Prinmr 
F.J.: and the 6-Bel- Cambridge Electron Accelerator (CEA)  at CZE 
bridge, 3iass. 

Sto nf on? L'?tive?*sit y Accelerator Project 

The Atomic Energy Commissionk '1961 Authorization Act inch@ 
$3 million for start, of design and engineering work on a %milel= 
linear electron accelerator at Stanford University. The C o r n i d  

The Commission 
three 10 Mev taI 

&e summer of 1961 
Txo accelerators 

m at Argonne an 
+stalled at The Ric 

Princeton Unive 
pg out Commissi 
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the selection of Actron, Blume, and Atkinson as  archi- 
-- *- ,+le e r  subcoiltractor under Stanford Tl'niT-ersity. The project, 
; .t+- . to cost inore than $100 millioii and to  require G years to build, 

bject, of detailed hearings in 1959 and 1960 before the Joint 
,rr,itfpe on L4toinic Energy. The advantage of such an accelerator 

it cfin provide a high-intensitr, Tell  colliinated beam of 

of additional cost studies and conceptual desi@ work 
t, during 1960 are to be placed before tlie Congress early 

ppr0J-d 

s I$l. 

on assembly of a 30-50 Mev electron model of tlie Midivestern 
I.,rsersities Research Association ( MURA4) clashing beam accelerator 
. at Riadison, TTis., and test operations began early in 
$33. Simultaneous acceleration of beams traveling in opposite direc- 

successfully carried out. This model should provide basic @ 
+ z  f,ra.gtion during the spring of 1961 as to whether or not such an 
+ I e n ~ r  is technically feasible. I f  the experiments are successfill, 
hq-~ii probably will submit a proposal to the Governinent for con- 
dnJ,.tion of a large-scale accelerator. 

electron cyclotron model, the Cyclotron Arzdlogue ZZ, is being L 

-:.A( -1. at Oak Ridge National Laboratory. It will have a masinlum 

vi 
~ yi 

& 

i 

z 

LvtT _L.C of about 450 kev and is designed to study the dynamics of the 
?,po;ed Oak Ridge €350 RIev fixed-frequency proton cyclotron, par- 

t. in various s t a p  

mhrotron ( Z C , ~ ~  p 
i -212r11 with respect to beam extraction. 
5 

Ipproximately on 
)ected in the SUB- 

= '=.iJim T7an de Graaff Accelerators 

lental faCi1itk a: 
the construction, 

n machine. rL.uininer of 1961. 
ed for the 3 - I h  
A )  a t  Princctm. 
T ( C E A )  at Can:- 

The Commission in November 1959 signed a contract for purchase d 
t)lree 10 Alev tandem Van de Graaff accelerators to be delivered in 

Tno accelerators will be installed at Commission research centers, 
5 at Argonuc and one at  Oak Ridge. The third machine n-ill be 
-died at  The n ice  Znsfifute. Houston, Tex. 

Research Facilities 

- 

i on a 2-mile 1°nf ' Princeton University operates one of four major lahratories carry- 
'= out Commission research to determine tlie feasibilitp of using The Comnlis-in:; * 

- 
~ 
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controlled thermonuclear reactions to produce power. A. 
program initiated in 1951 at  Forrestal Research Center focusep 
'istellarator concept?' employing a device in which ionize(; ' 
confined within an elidless tube by nieans of a r e q  stroll 
applied magnetic field. 

A number of small stellarators hare been collstructed in sutl:eT 
bginning in 1952. 
configurations and metlrods of heating the gas plasma, are cor,, 
devices and require a great deal of careful design and 

Qq, 
9 

Stellarators, with their novel ma 

Because the small stellarators have liniited and specialized 
ties, a larger facility known as the Model C complex has bell @paPat:. ung 
construction for several years. Completion now is ~chedul ,~~ i. 
1961, a year later than originally planned. Bfodel C will be Stpi ~ 

a research facility designed to yield scientific information, an4 

including buildings and supporting facilities, is expected to be alrB 
$35 million. 

t P A  

expected to be a net power producer. The initial cost of bllodel, 3,- . . .  

High Flux Research Reactors 

High neutron flux reactors are needed for producing lyrv he,? 
elements for research purposes-calif orilium 252 and oth& tnr; 
plutonium isotopes-for conducting radiation damage experimer. 
for producing intense neutron beams, and for other specialized 
search. The neutron fl~is required is in the range of to 101~ ifi; 

per second. Wide for certain uses, fluxes in the and highprSt, 
desirable. current teclmology is adequate only for construction 
reactors with a Aux not higher than 3 to 5 x Reactors of ti, 
type, with supporting facilities, are estimated to cost betn-een $10 a 
$15 million each. 

The Commission has been authorized to construct two high& 
reactor facilities, one a t  Brookhaven National Laboratory, and one i; 
Oak Ridge Kational Laboratory. 

The GrooX.har*elz H i g h  Flux B e a m  Reactor (HFBR) , scheduled 1 s  

be conipleted in 1963, will be used for general nuclear research actir 
ities: the OaX- Ridge Biqh FZwx Isofope Ecacfor (HFIR), s e k  
tiled to be coiilpleted in 1tlG4, Fill be optimized for the productioz c+ 
transplutonium elements and special isotopes of lighter elements. 2 
is expected to seim as cz national facilitF for producing trrtnsp'!i 
toninni isotopes. 

million billion to 10 million billion) neutrons per square centimp!,- LC 

Design work is under wq, 

c 

B 
For rese,zrc.h in tht 
i 'kmmission e,xpencx 
:% 1960, including 



JANUARY-DECEMBER 1960 175 

ce and Technology has reconmended 
Is re  search p rogrrini, est abli slimen t on 

isciplinaq laboratories for materials re- 
t,l.cjer to foster training of students in this important field. 

further asked that Federal agencies which support 
hich iiistitutions they were prepared to 

has authorized the Coinmission to provide a facility 
The Illinois facility would 

:, laboratory building and equipment for basic research in 
inaterials developinent at advanced graduate and 

at tlre U?tivemity of Izl~nozk. 

Other Constraction Activities 

%dditional research facility projects, the Commi&on is 
.#ll@& 

s * w m  * 
of two high current cyclotrons of novel de- 

[he Oak Ridge Isochronozcs Cyclotron (ORIC) Oak Ridge Nn- 
+ g ~  L&or.ztoq and the 88-inch Cyclotron at Lawrence Radiation s-- 

Irii f OI'T- 
1% being built or designed are new Central Research Labora- 

~ t,n~l Transuranium Facilitks at Oak Ridge National Labora- . 

4. B o t  Laboratory Facilities, ,4rgonne National Laboratmy 
neK Besearch Reactor at Ames Laboratory. New Physics and 

it!( +&fry buildings are being built or planned at Brookhaven Na- 
Laboratory and Lawrence Radiation Laboratory. 

irrious physical plant facilities for nuclear research also are being 
red by the Commission a t  university sites, including CoZumbia 

I ale Universities and at ikfassachmetts Institute of Technology. 
Cdifarnia Institute of Technology for many years has been 
ring 2 1 Bev electron synchrotron provided by the Commission. 
Commission dso, in cooperation with the Office of Naval Re- 
h. helped fund the 1 Bev synchrotron at ComZZ University and 

- i Ber Mark I11 linear electron accelerator at Stanford U ~ ~ i v e r -  

1 

Biology and Medicine 
research in the medical and biological fields-life sciences-the 

- "-mission expended $50 million for the fiscal year that ended June 
-9 - A g 6 0 ,  including a .hut  $2 million for construction. Some $34 mil- 

-- =- a -? 

i 

P - 
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lion of this total was for research and operating expenses 

unirersities or industrial organizations. and some $16 lnillionL ’% 

inent-owned or fu;anced laboratories operated for the Cornmi$. Of GI,I., -p 

research in universities, colleges? and other nonprofit institution, ’Q$ f*: 

ried out under 593 research contracts. This -4nnual &,pofi tr, P 

research in the life sciences at, major Commission insta1latioRQ %FF 

.. 

c 

Congress describes selected major activities during the past 
taining to studies of nuclear c i d  effects and fallout. Resu]& J a r  of ik 

B& - described in a special report to Congress.I1 

~ 

FALLOUT STUDIES 

During 1960, studies of the mechanisms of radioactive f e  

radioactivity in foods; during the period since Novemhr 13jS, Im 
tests of large-scale weapons (French tests were not of this .h been conducted and it was possible to follow the curves wit]& ik 
ruptions due to new detonations. 
vas described in detail in a preyious report.12 The Conimisslolys 
search program in this field is not designed to monitor fallout a 
activity tliroughout the United States, but to support specific pm;w 

monitoring environmental lerels of radioactivity resulting from f~ 

Executive order in August 1959, which gave that agency p h -  
responsibility within the executive branch of the Federal Gorm 
nient for the collation, analysis? and interpretation of such dan 

Current studies provide a body of data on levels of fallout at & 
tliroughout tlie 11-orld but tlie main purpose of the measuremem xE 
to establish a base for continuing collection of data to improre unk 
standing of fallout distribution, rate of deposition, and residence ta 
i I I :I tm osp lie re. 

K i t  11 issuance of the Coininission’s April Quarterly Statement a 
Fallout (April %? 1960). the Commission ceased to publish tbs 
stakenients directly ; instead, the Commission supplies all such Q? 
of information to the U.S. Public Health Sen-ice, Departmen! 
I-Iealth. Education, and TT’elfare, for such publication as Public H 
Sm-ice wishes to iiiake in connection wit11 its cornpilatioils inch&= 
radiologicnl henlth data from other Federal and State agencis 

showed a revision of the trends in fallout rates and related uptab, 4% 

The total fallout studies 

in biology and medicine related to fallout. The responsibilit?g as 

wzts assigned to the Department of Health, Education, and r e l f a b k  7 

“-4tOmiC EncrgF Research in  L i f ~  and Physical Sciences-lStM”, a Special E@’ 
t he  United S ta tes  Atomic E n e r q -  Commission, J a n u a r r  1961, suPefirM C‘oWreSs 

of Documents, C.S. Government Pr in t ing  Office, Washington 25, D.C., $1.25. 
= S e e  PP. 239-266, Snmia l  Report  t o  t he  Congress for 1959 (January-DecemM 

O b l b 4  
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5011rces. The Public Health Service issues these reports 
p u t e r l y  i n t e n d s  the reports include information sum- 

of t,he type preriously niade public tlrrough the Coninlission's 
The Conmission has cont inueci to 

jlIliCal reports on its fallout program. 
St,;ltenient on Fallout. 

Soil and Air Measurements 

B :; I ,<dmyles 

5 0 0  

tium 90 levels in soil were sampled at  locatioiis througliout 
.I rtm sorid during 1958 cooperatively by the Conmiission's Health and 

aboratory (New h r k ,  N.Y.) and the C.S. Department of 
3culture. These measurements provide information in the total 
atium go deposition to specific dates from past. weapons tests. 

1959, soil samples were taken from nearly all the United r u r k  
compared with only 17 locations in previous years. Less 

'be 3 c ~ s 0  in strontium 90 in the soil from 1958 to 1959 agrees 
bdings from monthly collections of fallout during that time. 

:hir collections (steel pots, ion-exchange columns, precipitation ) 
Rorld-rride network of stations showed the higilest rate of fall- 

, io be early in 1959; this was followed by a lower rate. I n  the 
;quufier of 1959 a few collections in tlie United States shoKed a 
,i tmard some increase in fallout but readings Tvere below the 
:sr rate observed earlier in 1959. Too few data for 1960 Tirere 
..'3ttle *. at the time of this report to varrant collclusions as to sea- 
:;: nristions. 

3: l-4 

i t .  

~ d ~ u m  102 produced in tracer amounts at a high altitude by weap- 
is, and tungsten isotopes produced in other shots during tlie 

1 L.S. Eniwetok Proving Ground tests, provided means of study- 
: = x q o r t  and rate of fall of radioactive debris placed in the 

pilere b)- these Cnited States tests. These studies are being 
~ ' 8 )  the Air Force Cwml~ridge Research Center with partial sup- 

he. Commission. Results obtained so far  imp$- that the time 
-1 for. material to moye from the high stratosphere to the sur- 

- > much longer than for inaterial placed initially in the low 
?here. Comparisons bet ween rhodium and tungsten tracers in 

'zhdicate different histories of the debris mixing in upper and 
phpheres. However, the information so far collected is not 

to establish either tlie distribution or the residence, time of 
11LQ in the total atniospliere. 
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I n  addition to these studies to analyze stratospheric patterns t. 
sampling of stratosp~leric quantities of fission products Rc 

under klle tecllnical direction of the U.S. \yeather Bureall. c s  

results from this progranl are not yet andable.  

continued to decrease or remained about the same during the 

Hemisphere remained relatively stable during this period, 
During late February and spring of 1960, transient inc 

radioactivity in air and in precipitation samples were faun 
stations. Identification of radioisotopes indicates that this debns 
parently originated about mid-February and early April 
the tests held by France in the Sahara Desert. 
relatively small increases in fallout, persisting for a few d 
at levels much lower than observed in the spring of 1959, 
debris will add about, 0.1 to 0.2 percent to total world-q4de fallfrn 
long-lived fission products. I 

At Argonne National LaboratorS; detailed studies of gamma 
tion in air and soil Iia~7e been made for sereral years. 

The peak monthly levels of radioactirity from fallout at, L\rpq 
due to past tests occurred during April and May 1959, ne 
diminished in a few months to  a few percent of the peak rate. 
137 still is accumulating slowly and had reached a Talue of ab 
200 millicuries per square mile in early 1960. Based on Arpm- 
calculated ratio of 1.6 between the amounts of cesium 13; 
strontium 90 from fallout the amount of strontium 90 in soil x@ 
be about 125 millicuries per square mile. Radioactivity from Fm 
tests was observed in snow during late February, but no actiritrfm 
this source was found in either soil or air samples. 

Based upon these measurements integration of the whole-bod! 
from fallout in the Chicago area shows an expected increw of E 
to 3.3 percent greater than that which arises from natural radisk 

dfic " mhtit 3s 

"U%F & 

t i t  Sa11 ,!ngelo, Tex.. during 1960 in cooperation with tile 'L 

-- 
Levels of gross or total fallout beta radioactivity in 

July 1959 to June 1960 in both hemispheres. Levels in the Sf,utL [*be 

These data 

of tJhat area. 

Test Site Area 

The Los Alamos Scientific Laboratory and University of Califo% 
at  Los Sngeles have studied fallout a t  the Nevada Test Site and ~4 
jacent areas during all test activities there. The most recent mz 
involved the 1959 test of Kiwi-A (a nuclear reactor for propufis 
unmanned vehicles, a part of the Rover Project)?3 I n  this 

See p. 77, Annual Report to  Congress (Jan.-Dee. 1959). 
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Il.lllt is heated in the reactor core and ejected to the atmosphere 
#t' 

t ? h  jet nozzle. Studies were undertaken to measure in detail 
e(,& 

t,41 Itnnt, particle sizes, air concentration? and ground deposition of 
r' .[ir.e substances resulting from passing the propellant through 

;,(>:I L 
I,ilctor core. Deposition velocities calculated at  certain points 

7' Fide variations from point to point and generally were larger 
-7\t-rt' 
- dieted from particle sizes. 

Ire 
attern of contamination was very narrow, levels were erratic, 

The P ,,g+ite deposition was negligible. Attempts to combine the data 
% nleteondogical measurements indicated that the pattern could 

splained by existing niodels and a new model for this kind $fi 
i @ e  rsion is under investigation. rdisp 

FallozcJ Measurements In Foods And In Man 

were continued on Uptake of fallout material in foods 
nil collection and analysis of milk, animals, certain fresh 

fi bles, forage crops, and wheat. Detailed results of these studies 'Len reported in the Commission's Quarterly Statements on Fall- 
s* 
g. Tanua.ry and April 1960, and Health and Safety Laboratorv 
sfler]y Reports. I n  this report, selected findings are described. 

fiipst samples collected in 1958 and 1959 and analyzed by the 
- st 1 h and Safety Laboratory continue to shorn average levels near 

maliraum levels previously observed, and analyses of both wheat 
~ milling products have produced new maximum figures. Levels 
'rsdioactirity in foods are believed to depend on both the rate of 
& a t ,  n-liich is tending to decrease, and the total accumulated 
m t .  which is tending to increase, although the amount each com- 
m: contributes is not \yet lmomu. Further, levels in foods vary 
-= wicultural practices, seasons and types of agricultural products. 
id! of milling products from 1958 wheat from 9 States showed 

s~::eliest average levels of strontium 90 and calcium in the bran 
- * ~ I P  lorest  in patent flour. Lerels in other types of flour were 

* .  

d i a t e  beheen bran and patent flour. 

-fplfr 14 in Oils 

%dies at Los Alamos of carbon 14 in lemongrass and citrus oils 
- - t  number of locations hare shown an increase of carbon 14 con- '4, 

** 01 85i2-61-13 
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tent in these oils. By mid-1959, carbon 14 activitF in til 
and in lemongrass and citrus oils appears to hzre illcreased he 
27 percent in the Kortheril Hemisphere alld 2@ percent in tlkp q- 

etropt& t 

Hemisphere. ‘ip 
’-()I)!: 

FaUout Memurenwnts in Uan 

Studies of cesium 13’7 in humans and in COIT‘S milk have cOntik, 

at  the Los Alamos Scientific Laboratory since 1956. Levels hark -e 

slowly and irregularly during this time. I r r e p l a r  peaks and bo&& b 

similar pattern is cll*R% % 

Lamont Geological Observatory, Columbia University, dupiq L 

occurred in milk levels due to fluctuatiom in tropospheric fallou, 

in humans but is less pronounced. Maximum and minimum IrvaI 

Studies of human bone levels of strontium 90 were continpa, 

The results of analysis through 1959 have been evaluated relatip,; 
dietary levels of strontium 90 and predictions of future leve,bz 
been made. The concentration of strontium 90 in human bone 
tinued to increase in 1958 and 1959. The concentration of stponbz 

90 in adult bone is independent of the age of the individual ”hFk 
levels in children vary with age. The average level in the xo% 
Hemisphere for Western culture adults is about 0.30 micromicroeki 
of strontium 90 per gram of calcium for 1959. The 1958 leeel 
about 0.20 micromicrwuries. The l@$iest average CO1lcentratim 
any age group in 1958 was about 2.1 micromicrocuries for 0ne-W 
olds. 

seasonal changes in diets of dairy herds. 

people lag behind those of milk by about three months. t E 

RESEARCH RELATED TO WEAPONS 

Nzlcleur Civil Efects 

Group Xhelter Study 

Holmes and Karver, Inc., Los Angeles, Calif., under continct rz 
the Commission, has completed an engineering study of 8 e~ 

shelter successfully tested during the 195’7 test series in Nerada. I% 
engineering included modifications based on analysis of test 
to improve the protective characteristics of the structure, and to iz 
prove interior arrangements, services, utilities and managemat 

I n  addition to architect-engineering dravings, the contractor F 
pared n brochure, a set of specifications, and a shelter opna 

Furthering the 1- 

gfljelding agah 
rb measurement 0; 
Igeilding at Germa 

1s at. Oak Ridg( 
The study is rep< 

$H Radiation Pro  
d n s t  Distributed 
efopen field expos 
v d  in all house 
rn the basements, e 

*.&railable from Office 
L De., price $0.50. 
siXX-58.1, “Experimt 

W Structures against Dl 
e# E. E. Nenker. Ar 
r-erce. Washington 2 
‘as-59.1, “An Espf 

Hodern Concrete 0 
from the Office 

Zes D E .  Price $0.60. 
zaWable from Office 

@ D.C. Price $0.50 
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*w@nts 
models have been niade by the Commission and by private 

3t .e  
for a simple, easy-to-use radiation detection and measuring in- 
nt for home protection in a radiation emergency. -,-8t’ 

d m e  r- ilot model prepared by a Commission contractor includes a A P  fentional radio receiver assembled from a commercially available 

3;btion instrument circuit. A selector will set the instrument to 
prticular radiation level and sound a continuous warning. 

&e 

E@ wit-So~self” kit. ,4 switch allows a choice betreen radio and 

gunhering the research accomplished during the measurement of 
* 

against radiation afforded by typical residences l5 and 
2 mwurement of the shielding in the Commission’s Headquarters 
G%g *s* at Germantown, Md.,16 studies were niade of nine selected 

e study is reported in CEX 59.13 “Experimental Evaluation of 
bdistion Protection Afforded by Typical Oak Ridge Homes 

Distributed Sources.” l7 The protection factor, i.e., the ratio 
-?mi field exposure dose rate to exposure dose rab in the house, 
;& in all houses from 2 to 5 on the main floor and from 5 to  30 
-%re basements, except in a fallout shelter in one house where the 

* 

at Oak Ridge, Tenn. 

‘ = m U a b l e  from Office of Technical Services, U.S. Department of Commerce, Washington 
1.L price 20.50. 

perimental Evaluation of the Radiation Protection Afforded by Residen- 
nst Distributed Sources.” J. A. Auxier. J. 0. Buchanan, C. Elsenhauer, 

r. Available from Office of Technical Services, U.S. Department of 
Pton 25. D.C. Price $3.75. 

Experimental Evaluation of the Radiation Protection afforded by a 
rete Office Building.” J. F. Batter, Jr., A. L. Kaplan, and E. T. Clarke. 

of Technical Serrices, U.S. Department of Commerce, Washing- 

of Technical Services, U.S. Department of Commerce, Washing- 
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protectio?z Test. 1Tox-k conducted at  Oak Ridge Sational Laboratory has qh a 

that the average home will offer a certain amount Of Protection againstfG -@k 
radiation that  might result f rom a nuclear war. The tests were condueteji _. 

surrounding each of sereral types of homes with 8 plastic hose through "hie, 
radioactive source was pumped to simulate radiation from wartime falle 
Inside the house, radiation detection instrunients were placed in all roomlllr 
at all levels to  record the amount of radiation penetrating the structure tor  
specific area. 

protection factor was greater than 100. On sloping lots, the pmr 
tion factors were typically lower than in basenients built on level 

During July, an experimental evaluation was made of the shie& 
ing in modern medical laboratory building a t  Brookhaven h'atim' 
Laboratory ; in September, measurements were made of the shi& 
ing afforded by a typical southwestern residence in Las T'egas? Se:, 
and at the request of the Office of C i d  and Defense Mobilizatk 
measurements were made on a nevi- 20 bp lOO-foot, underground me:i 
arch shelter :it that  agency's Region I11 headquarters in  tho^=- 
rille, Gcz. 

Dosimetry Studies 

Field experiments conducted during weapons tests in operaem 
Plumbbob, (1957) nnd I3ardtack, Phase 11 (1958) provided data @ 

a extensive pro; 
L ~ ~ ~ e y s ,  called the A 
m i & ~ l l  to measure : 
m. Under conti 
$ted surveys of son 

_hother element 4 

Area at the Kei 
fmt square on whicl 
su-ces can be arra- 
tame instruments. 
h t ion  of aerial rad 

The Lovelace Fou 
'.uquerque, X. Mes.. 
dhts  of blast from 
phpical phenomena 
-tal variations, a 
V m r e  to forces 
&hion ~ ias  furnishe 

at  Sandia Bas 
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liability of the estimates of the neutron and g a m a  ray 
mated for survivors of the Hiroshima and Kagasaki 

Japan. I n  Japan, through the program of the Atomic 
Conmission, shielding histories of individuals are 

t may be determined for each case how much 
ions there was between the subject and the 

l.oT-e understanding of the shielding effect of various ~011- 

and structures under field conditions, plans are 
e to simulate emission of bomb neutrons and gamma rays by 

-power, unshielded reactor from balloon 

roiyide accurate, early data on neutron and gamma ray emis- 
iticality accident, a Nuclear Accident Dosim- 

,,.5tenl vas p t ,  illto effect in mid-1959 for tlie llse of Commis- 
~ 

m* lybomtories and plants. c 
Regional Surveys 

yem urements 

atensive program of Aerial Radiological Measurements and 
,-g.prs, aHed the ARMS Program, has been conducted by the Com- 
I- -,ion to measure and map background radiation levels for selected 
*, lvnder coiitract, U.S. Geological Survey aircraft have com- 
+d surveys of some 23 areas. 
*binot]ler element of the program is the Extended Source Calibra- 

d-ire;t at  the Nevada Test Site. This consists of a 2,000 by 2,000- 
quare on vhich 565 small cesium 137, cobalt 60 and other isotope 

a y ~  can be arrayed so that the plane sources are “seen” by air- 
s~ instruments. The low intensity field will be used for intercali- 
Tion of aerial radiometric instruments. 

- .  
- 

Facilities For Research On Blast Biology 
l i e  Lorelace Foundation for Medical Education and Research, Al- 
xeque, X. Ales., has been engaged in research on the biological 
--!s of blast! from nuclear iwapons. Studies have been made of ( a )  
-In1 phenomena related to blast to determine hazardous environ- 
4 variations, and ( b )  the biological responses associated with 
> w e  to forces generated by large-scale explosions. The Com- 

has furnished the primary support for this work at its facil- 
‘sat Sandia Base, a t  tlie Lovelace Foundation laboratories in 

5 0 0 b l l l  
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Albuquerque, and at the Xenda  Test. Site during the I‘uclea~ 
series in 1953,1955, and l%‘i. 4 

The facilities at Sandis Base include shock tubes of 1’3 

iations in pressure. Concurrent studies are being carried an effects its damage from penetrating and nonpenetratillg misij$ 
from test subjects being projected througll space by b]ast-I,l.4 
winds. %s 

inch diameters used to study primary blast effects associated -’ 2-4 i ~ t h  114.‘ ; 5 

Q 

Research In Blast Biology 

Specific accomplishments of the blast biology program Over the e 
One study established mortality c u r ~ e ~  for mice, rats, 

12 months are described in this report. 

and rabbits exposed to shock waves accompanying ‘‘instantanm* h 
rising overpressures 6 to 8 seconds in duration. Variations in Qo< 
ity with the magnitude of the incident and reflected oVerp-% 

were summarized in a reporL1* 
A laboratory study on the effects of sharply rising pres- ~ 

to 4 milliseconds (msec) duration on mice, rats, guinea p i g  
rabbits was completed during the reporting period. 
indicated that the tolerance of these four species to such pressurn 

experiments on the effects of “sharp” rising pressures of 
duration on dogs mas partially completed. 

The tolerance of different animal species is expressed as the pse 
the pressure that kills 50 percent of a particular species. &hk 
dicate that under the conditions of the experiments the n1qp iG 
of the pressure -ins the significant factor in injury and the &I&- 

of the wm’e less important for small laboratory animals. 
A secondary blast missile can be any object from the local enrim 

ment, such as fragments of glass from windows, building detm 
stones, etc. By specially-devised trapping techniques, the relociEj, 
and masses of more than 20,000 secondary missiles-factors that a k  
the injuries caused-were determined from data obtained in 19% SE 
1957 nuclear weapons tests in Kevada. A mathematical model WE 

The 

the same as that when the duration was 6 to 8 seconds. A se,ffE @& 

16 “Shock Tube Studies of the Effects of ‘Sharp’-rising, ‘Long’-duration Overpregwmr 
Biological Systems,” D. R.  Richmond, R. P. Taborelli, F. Shewing. M. B. Wetherbe.P‘= 
Sanchez, V. C .  Goldizen, and C. S. White, AF Document STR-TM-59-2, pp. 171-m 
Proceedings of the Third Shock Tube Symposium, 10-12 Narch 1959, Hqs., Air k- 
Special Wenpons Center, ARDC, Hirtland Air Force Base, New Nexico. 

Radioisoto 

@$lights in 196( 
the growing 

An increase in i 
W7 as compared 
p m n t  increase in 

Available from the 
u n  25, D.C. 
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h made these results generally applicable, to weapons of 
varying atmospheric conditions. 

$e the consequence of a body being hurled through space 
anthropometric dummies Fere placed on two shots in 
and one successful attempt vas made to record the 
by means of high-speed photography. Under condi- 

the blast and site, the dummy was thrown 92 feet, attaining R 

17elmity of 22 feet per second in one-half second. This indi- 
&st the same mathematical model used to predict the velocity 
i,~,cement of secondary missiles could be used to predict the 

of the dummy. 

Nzlcleur Effects Ififormutiolz 

1957 ecdition of the handbook, “The Effects of Nuclear 
sp,:’~ De being revised again jointly by the Department of Defense 
sib8 Commission. Publication is scheduled for late 1961. 

tive Nuclear E fec t s  Data w 

@I . 
brochure is being prepared to summarize unclassified data to 
iff the appraisal of the impact on man of a range of nuclear 

wtions. The information is of value to those concerned with 
d t r  estimates, protective construction, and post-attack medical 
aments. The brochure is based on data presented in “The 
F- *- of Nuclear TVeapons” and subsequent field and laboratory ex- 
e t ~  and will be issued by the Commission as CEX 58.8 “Com- 
%*ire Nuclear Effects of Biomedical interest.” 19  

Mioisotope and Radiation Development 

$lights in 1960 of the Commission% program to expand and accel- 
-e the growing beneficial applications of radioisotopes include : 
&inincrease in the number of byproduct licensees, nom numbering 
?;%compared with 5,417 a t  the same date in 1959, including a 11 
mt increase in industrial licenses. 

‘Mlable from the Office of Technical Services, U.S. Department of Commerce, Wash- - 3, D.C. 

5 0 0 b l ? 3  
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Cont.inuing hi& denland for radioisotopes RS reflected in s~~ 
191,122 curies valued at $1.9 million althoL@1 sales declined lq 
and 1.6 percent, respectively, over the prerious year OJVin  

ing of production facilities. 
Kegotiation of 32 contracts for research and developllent 

projects as isotopic pom-er production, Water resource derelo 
environmental contaminat,ion control7 sensitive ansl)-tical t 
and other promising applications of radioisotopes. 

** 
Wlln;, 

Development of isotopes production facilities through improv 
of fission product separation processes and be,rrilming constructl% f% 
a radioisotope process development laboratory. e 

Price reductions for widely used carbon 14 and cobalt 60, 
Advances in the development of high intensity radiation 

tial industrial processing agent with negotiation of 15 researcl, ass€% ~~ 

development contracts related to radiation technology, and initial& 
of construction of a new facility to study the engineering problf, 
associated with the application of large isotopic radiation so 

Establishment of 8 food irradiation processing program t 
strate the technical’ and p r a c t i d  feasibility of this method 
ing the refrigerated shelf life of certain foods. 

Expansion of educational opportunities for radioisotope t e c ~ m o l ~  
training with the award of 36 equipment grants totaling $ Z ~ ~ J O ~ :  

37 colleges and universities in 23 States. 

LICENSING, PRODUCTION AND SALES 

Radioisotope Licensing 

During the year ending November 30, 1,713 byproduct m:kkeL 
licenses and 5,151 amendments and renewals of existing licengs 
issued. Included in this number are 947 licenses which were issued8 
new licensees : 357 in the field of medicine, 284 to industrial fim 
to Federal and State laboratories, and 54 to users in other fi& 
As of Korember 30, 5,907 organizations and individuals in the 
States possessed bxproduct material licenses. There was a ne1 E 
crease of 490 licensees during the past year, of which 40 pert= 
were for industrial use (after eliminating all licenses expired 
not reneved) . A4ppendis 4 shows all bJ-product material liceri- 
and nev licensees b j  State and type of user. Thirteen licenses w e  



4ND SALES 
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JAK;UA4RT-DECEXBER 1 9 6 0  187 

d! p s u a n t  to Section 30.24(f) of Par t  30, to authorize distribu- 
@f ,arious types of gag~~g, ion generating and cliroinat ographr 

ii'l;ftical devices under general licenses. 
tlR . 

Production And Sales 

(1 1960, the number of curies of radioisotopes shipped from 
Ridge National Laboratory, the Conmission's principal supplier, '' a decline as a result of the 9-month shutdown of the Fission 
uct pilot Plant (F3P). During the shutdown, the plant mas re- 

T J e d  for increased production capacity. At the year's end, when 
d!3p ws ready to resume operation, a substantial backlog of orders ' dioisotopes existed, including orders for 150,000 curies of cesium 
"@ a d  1,000,000 curies each of ce.rium 144 and strontium-90. 

of November 30, a total of 191,122 curies had been shipped 
* (r 1960, as compared with the 222,703 curies shipped for the 

in 1959. A parallel decline in gross income from radio- & 
sm@P 

,&s also was shown, $1.9 million for the first 11 months of 
sdope 

8s against the $2 million in 1959. Sales of radioisotopes *. 
!'.nm oak Ridge since the beginning of public distribution in 1946 
fl total 1,105,026 curies. The number of individual shipments 

during 1960 btaled 11,773, down somewhat from the 12,028 
e! the previous year. Total shipments since August 1916 reached 

~ ; J H  of carbon 14 during the past year were up 50 percent over 
1 ~ 5 9  figure, reflecting price reductions on carbon 14, cobalt 60, 

&&her radioisotopes during early 1960. 
~brirg the year, the first prirate production of radioisotopes for 

wmercial sa10 was announced. Abbott Laboratories, using a com- 
= r i d 1 ~  cmned reactor, began the production of iodine 131. The 
imralElectric Co. and ~7estinghouse Electric Corp. both announced 
= intention of using their test reactors for the commercial pro- 

of cobalt 60. These actions are consistent with the Commis- 
announced policy of encouraging prim te industry to provide 

ments of radioisotopes to foreign countries continued to in- 
The Conmiission and prirate processors, combined, made 

357 shipments during 1060 as compared with the 3,252 during 

pin, 

Lld 

i" i 

s 

il-7 
-;:+> i b. 

' 

=wes preiiously available only f roni Commission facilities. 
- *  * 
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ISOTOPES DEVELOPMENT PROGRAM 

Emphasis in the isotope program is placed on development of 
technology that may be widely applied, particularly to matte& 
public, State and municipal concern such as improving mater 
sources, combating atmospheric pollution, assuring proper treahe 
of industrial wastes before discharge to the environment, and detect& 
crime. 

During 1960, 32 research and development contracts in this & 
were negotiated with research centers, universities, industrial a- 
ganiza tions and other government agencies.m 

Isotope Electric Power Prodaction 

During 1960, the Commission made progress toward safe a p p h  
tion of strontium 90 in programs to develop equipment that IS 
generate electricity directly by applying the heat of radioactive d q  

~~ 

20 Reports issued under these contracts a r e  annotated in Nuclear Science ilb8trm-b 
which their  t iwilabil i ty also is indicated. &- 
pendix G. For a general  review of activit ies in isotope technology development *. zs 
beginning of 1960, see “Radioisotopes in Science and I n d u s t m  ; A Specinl Report ef 
U.S. Atomic Energy Commission.” Superintendent of Documents, U.S. Government mE 
office, Wnnhiugton 25, D.C. 

Final  reports issued to  date  are listed 

Price $1.25. 
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couples. Thermocouples are bimetallic devices which gen- 
smdl current of electricity when one encl is maintained a t  a 
temperature than the other end. Strontium 90 is especially 

such devices. It is available in large quantities from the 
roducts of cheniicallF processing fuel eleiOeiits of reactors. 
radiation will not penetrate outside the heat chamber and 

endytr the generator can be handled readily. Since strontium 
is7r1. long-lived, the generator could operate for some years without 

and with only gradual loss of power. Remora1 of stron- 
$239,298 

521,788 169'7' #j,grging, 
636,476 go from wastes, if the radioisotope should be used in great 

mould somewhat reduce the problems of waste disposal since 
51%47, 90, with cesium 137, is the chief long-lived hazard of these 905,995 

- 1,533,859 

js4u IiTXPoRTS l''poR%* 
$&,& $15 

1,288,017 14Qs% 

I%?:* ,,t@7 
1,367,067 8aa $flllt*inm 

907+&1 
- 1,282,575 l,J.Q& - 
evices in which 
1 thus are not a true ~~ 

ed radioisotopes. 
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5 0 0 b l l '  

*w* bn hportant technical advance during 1960 \\-as the successful 
,,,opment by The Martin Co. under a Commission contract of a 

Lc od for sa.fely containing strontium 90 by "locking it up" chem- 
in tt ceramic material, strontium titanate. Strontium titanate @h 

id? edcally inert-that is, it will not corrode or enter into other 
',-a1 reactions-and i t  has the proper physical properties such as id 
tmnsfer, tensile strength, etc. Encased in stainless steel, the 
'on-proof strontium titanate can ensure against the release of 

@? 
4mntlm to the environment for a t  least 500 years, by d i c h  time its 
diation would be reduced to 1/250,00Oth of its initial level. 

Kith t,hk accomplished, a second phase of the program was initiated 
sdpr the Martin contract to prove that a strontium 90 thermoelectric 
-nemtor could be constructed which T o d d  continue to provide 5 
ntB of electricity for as long as 10 years mithout recharging. 

In a cooperative program with the U.S. Weather Bureau, the Com- 
&sion has constructed a thermoelectric device to power an unmanned 
rCa&er station for transmission of weather information from remote 
mtions. The station was completed and testing was begun during 
&e 1960. It mill make possible continuous collection of weather data 
k previously unreported regions such as the Arctic. 

The successful technological developments under this program 
SEQ led the Naq' and Coast Guard to authorize construction by the 
'=mmission of four additional units to prove their applicability in  
*It buoys and floating weather stations (see section on Aircraft 
Lmors Program). 
(Mer work to apply similar devices to provide auxiliary power 

"man-made satellites of the earth is reported elsewhere in this re- 
W in the section on the Aircraft Reactors Program. 
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f 

re ozone conte 

Rewotc Tftather Btatio??. Artist's conception of the relnote automatic fr 
station. designed for  the Coumission and the U.S. Tyeather Bureau br % 
l h r t i l l  co., as i t  might appear in the Arctic snow. The unmanned statim= 
ODerate 2 Fears without huninn attention. The cylinder shown in the cu@== 
form is 8 feet high and 32 iac.11e.i: in diameter. The smaller cylinder inside- 
tt1in.i: about a pound of radioac*tire material, surrounded by thenn(&wk 
nlents to convert heat dirwtly into electricitg for  operation of the sea 

measuring instruments and a radjr, transmitter. 

? O b 1 7 8  
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W d e r  Resource Development 

,l,ig$m is working with the US. Geological Survey and 
developing nuclear techniques to solve water resource 

gf& - ER.dioisobpeS offer unique means for helping to increase 
(I i Ig  of underground f i o ~ ~  of water and other water re- 

ctors such a~ rainfall, runoff, ground reservoir recharge and 
@$l. 
cBiillan, an m d e r g o m d  reservoir in New Mexico, is being 

slth r e v  low quantities of tritium to measure its volume. 
how1edge of the quantity of stored water in the reservoir 
it more efficient utilization of the mater for irrigation. 

whIldogy being developed in such studies may find wide 
on in water resource development and conservation. 

‘On 
liprprodps 

E.nuironmental co ntaminution co ntr o 2 

collection of data and implementation of control proce- 
in smog control, the Commission, in conjunction with the Air 

s j o n  Foundation of California, is developing a trace analyzer 
mton 85 to measure instantaneously and continuously the 

Gtntion in the atmosphere of the contaminant, sulfur dioxide. 
&device, chemically inert krypton 85 is bound in a material 

on contact with sulfur &oxide, releases minute amounts of the 
LCtive gas which then can be detected and measured. 
3 development is based on research be,oun early in the isotopes 
hpment program to explore new radiochemical analytical 
:& After the instrument is completed, it will be field tested 

, m n d  atmospheric analyzer has been evolved as a result of the 
&I research. A proof-of-principle model of an analyzer b 
%re ozone content of the upper atmosphere has been tested suc- 
FJj. A test instrument flown by the Air Force in a high-alti- 
Feather balloon proved that the technique can be used to  measure 

:from the earth% surface up to 100,000 feet altitude. Derelop- 
Fork to develop a rugged model is being carried out by the 

Air Pollution Foundation for an additional year. 

- 
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Drugs andFoods 

A W O R  ACTIT’ITIES 

,4 double isotope dilution method is bein; developed f 
Or a q t * -  mine, an important medicanient for stimulation of the Deppolt 

iodine 131 labeled reagent, and is potentidy cap& 
the presence of as little as 0.05 micrograms of am 
duction samples. The technique is 300 times mo 
conventional methods. 

Use of radioisotopes as indicators of biologicai activity 
investigaied to make possible more rapid bioassay metilMs 
pliarmueutical products. Illeasurements of uptake of s4iurn ‘,., 
65 and phosphorus 32 by tissues of l ib ra toq  animals aftter jni, 
of estrogens, androgens and p o a h  hormones appear to oger 
and inexpensive methods of assuring m u r a t e  ColnpmitioQ 
drugs. 

This investigation completes commission studies in this 

uring smdl quantities of medicaments in complex mi&- 
report has been prepared.’l Future work in this area will & ~~~~ 

out by private industrial or research labratories. 
The Commission is continuing developmental studies 011 usirtg Ms 

isotope techniques to detect in foods the residues of agricultural cb 
cds, of detergents used in washing fresh vegetables, and of Em 
deriratires of wrapping materials. 

---: 

tern. The technique uses carbon 14 labeled arnpI1etamine P as - 

- 

it hns been proved that radioisotopes offer a useful twbique for Qa 

- A b  

Neutron Activation Analysis 

Bieutron activation analysis, based on measurement of d~ 
induced in certain elements by neutron bombardment from B 
neutron source, is capable of p e a t  sensitivity and accuracy. In 
cases, this technique may substitute for conventional methods thh 
sensitivity. Currentcly neutron activation analysis is being appfiecf s 

a research tool : in medicine, to det.ermine trace metals in ti*- P 

“Development and Elpansion of Radioisotope Applications in PharmatPutt;t * 
Nuclear Science and Engineering Corp., Pittsbze-  A 

Office of Technical Services, C.S. Department of rs-*-- 

Allied Indantries” (h’YO-3G25). 
liovember 1860, 2-13 pages. 
Washington 25. D.C., $3.00. 

woisotope tracer 
rariables withip 

by radioisotap 
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alyze oil well cores and determine trace impurities in 
roducts, cheniicals, and semiconductor materials ; and in 

oce~~~ogaphg ,  agriculture, meteorology, public health and 
for a variety of tests. Limitations in the properties of 

soul-ces, nuclear reactions that; interfere Tit11 stn~lyvsis, 
blems of source prepa,rntion NIP being studied. 

rejects deal with derelopineiit of automatic systenis and 
ndling that should permit’ analysis of large numbers 

speed-a derelopment important in using this 
cores and xater, soil ‘and biological samples. 
a1 computer derices to handle ‘activation analysis 

High speed computers also should increase t>e;ng tested. 
- @  = of analysis by making possible application of statistical -1. 

yrf i tqe  beam. Under contract with the Comniission, Catholic 
-itY of America is studying the possibility of detect% hidden 

~ in airplane luggage, by neutron beam examination. I n  
tion with the Treasury Department, an investigation is check- 

- &bility of identifying the origin of opium to facilitate =* P 
1 f d r q  traffic. Identification of minute amounts of unique -4. 0 
f .  &orbed during growth of plants, thus identifying origin, 

&a 
P rored feasible for tobacco. I n  related industrial use, the 

e of nplon thread produced at separate plants has been identified 
- Zi!. 

*P “ 

Process Comtrol 

-0 -*;; botope tracer techniques are being investigated as methods of 
%rrsriables within an industrial process to control or regulate the 
e. h laboratory setup of a nickel refining process has been built 
amine the feasibility of controlling iron removal from process 
s b~ measuring changes in activity of incorporated radioactive 
- 2 and automatically adjusting chemical, temperature and other 
men. 
*=method proves out, it will hare application in many other 

%a1 processes. Operations that could be automatically con- 
< br radioisotope tracer techniques are being studied. 
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~ 

RADIOISOTOPE PRODUCTION DEVELOP MEN^ 
Improved Production 

Continuing progress is being made in research and d 
efforts to  produce new isotopes, improve qualit?, increase a r  . eWipI, 
and reduce costs to meet the changing needs of science alld t aU&,  

echla; for a a ide  variety of radiomaterials. 
-= 

The Commission’s Fission Product Pilot Plant at oak ~i~~ 
tional Laboratory was modified during 1960 to improve its 
for large-scale separation and purification of fission produc,, 
plant is directed to research on fission products separation t 
and for production of kilocurie amounts of strontium 90 t 

- 

9 echet;’ 
99, cesium 137, cerium 144 and promethium 147. B 

New ion exchange and solvent eXtractiOn techniques were der 
to achieve high purification of fission products used in isotoM 
thermoelectric generators. 
for shipment of massive quantities of radioactive materials, and ~ 

* ~ s &  esses are under development to convert fission products into f 
for shipment. 

new $1.5 million, 40,000 square foot hbm- 
for radioisotope process development has been started at oak RG 
Completion of this laboratory will facilitate research on provihm 
wider variety of radioisotopes of improved quality at  lower a 

The Oak Ridge Research Reactor, which has up to 300 tjn16k 
neutron flux of the reactor previously used, now is contributkt 
radioisotope production. The greater flux makes possible Iarpp & 
duction of short-lived isotopes and of high specific activity m a t e  

Several new radioisotopic materials have been made’ aTa.aib 

Erypton 85 of high specific activity and highly enriched carbp, 
containing 85 percent radioactive atoms, have been produced fw 
first time by thermal diffusion. Increased availability of high 
iodine 131 has been assured by a new production technique in 
enriched uranium 235 is irradiated. 

At Hanford, considerable work is being done in the se 
of strontium, cesium, and cerium radioisotopes from production 
chemical effluents under the radioisotope production dewlo 
program. 

O** 

Equipment of new design was 

%= 

Construction of 
r,: 

s 

= 

5 0 0 b -1 8 4 
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of carbon 14, the most important tracer used in biological 
as reduced 2 i  percent during 1960, following a 50 percent 

d' the prei-ious year. Ala jor reductions, ranging up to '70 
ji;' .nere made in the price of certain forms of cobalt GO? par- 
&'t . lor large shipments and nisteiial of hi& specific activity. 
.i& c- 

rttities greater than 100,000 curies now are priced at  $1.00 per 
qU3 

4 1 .  

5- ble isotope helium 3 was made available for sde to the pub- 
~ ' l l l ~ J T  1 from the Commission's Mound Laboratory, operated by 
*@? ,&nto Chemical Co. at Miamisburg, Ohio. Development of $@lC 
E t gaseous thermal diffusion process for separation and pur- 

of the isotope made it available in quantity for the first time. 
$ion for helium 3, with 99 plus percent isotopic purity, was pri@ from $1,500 to  $150 per liter. The isotope has a wide number 

but is especially useful in low temperature research. 

$& 

;& 

q - u ~ ~ I A L  PROCESS RADIATION DEVELOPMENT 
w 

Commission's program for applications of radiation sponsors 
4b and development directed toward utilization of massive quan- 

millions of curies-4 radiation energy in industrial processes. 
_L3rions made on the current state of the technology and research 
s. grebpment requirements for using radiation showed the follow- 

r 
- 

-*ls 4 : 

rile mechanisms by which radiation interacts with molecules 
the excited species thus produced need to be better under- 

n o d ;  
,\leans of increasing yields of desired products by changing 
qerimeiital variables such as temperature, pressure, etc., need 
m be further studied ; 
€kip of radiation sources and facilities so as to  increase effi- 
ancy of radiation use and assure safety requires more thorough 

Arailability of radiation sources must be increased ; 
fms of radint>ion must be reduced. 

s 196415 research and derelopnlent contracts and interagency 
nts n-ere negotiated toward accomplishment of these purposes. 



198 MAJOR ACTIVITIES 

Process Research 

Silicon Productvm 

A representative study demonstrated that silicon 
ductor grade could be produced by irradiation of si1 
temperatures well belov that now necessary in therm 
techniques ; this established the possibility of future d 
private industry of a radiation process for this product, 
also was achieved in adding acrylonitrile to cotton by radiation ~~ 

niques, improving its resistance to attacks of microorganism = 

Of a ~rni.&- 

a1 Prodtl, 
eve~opQP,, 

‘ne (Sil4: 

b U . 4  

r 
* 

Other Projects 

Successful applications of radiation have resulted primarill f ~ f ,  

eQpt, fundamental projects. ,4ccordingly, Commission contracts 

ture, pressure, phase, purity, and other variables on radiation mea 
yields and kinetics for chemical systems of potential industrial intrt, 
Studies include mechanism of radiation halogenation of amk 
compounds, effect of solid absorbents on radiation yields in or 
systems, relation of molecular structure to radiation graft coFit+2. 
ization, increasing efficiency in the radiation vulcanization of ;t 
compositions, improvement of properties of textiles through pdhG 
modification and use of radiation to improve sedimentation of sBe 

Fundamental investigations include determination of the natuRL 
distribution of ions produced by impact of high-energy radiati 
gas-phase nlolecules and extension of current theories of ra 
phenomena. 

projects aimed at  developing basic information on effects of temrp,, 4 

Source Development 

Radiation source developnient, including accumulation of -L- 
engineering knowledge essential to effective and safe design o€ p- 
irradiators, also is being advanced. 

Gam ma Rny Sources 

Brookhaven Kational Laboratory is a center for this type of %*L 
carrying out studies on economic evaluations, source d e y e h m  
(other than source production), increased source efficient?. s:F 

development of associated engineering equipment to meet r d g 2  
processing requirenlents, and radiation physics studies n e e W  ’- 

Cammercial firm 
4 materials, incl 
=prored wire anc 

ris missile elet 
-+zrior strength, 
 table for weapo 

commercia 
dereloped 1 

Commission 
sw at developing 
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t of radioisotopic sources and evaluation of their properties 
$1 indu&hl usefulness as sources of ionizing radiation. 
i1its d i i c h  e l l  contain 500,000 curies of cobalt BO is being 

the engineering problems associated 
s. The new facility to be 
ated $1.6 million. Esperi- 

red design concepts for large cesium 

erative research program with the U.S. Bureau of Mines, 
on will furnish a 100,000 curie cobalt 60 radiation source 

arch on the use of coal as a raw material for production of 
micals through irradiation, development of improved 
processes utilizing radiation, and similar research on 

Commission also will furnish 50,000 curies of cobalt 60 to the 
Bureau of Standads for use in a cooperatire research pro- 

on effects of radiation on polymeric substances, gamma ray 
tr9 and extension of g a m a  ray standards. 

topes represent a considerable resource of 
energ that might effectively supplement the more penetrat- 
ion from gamma emitters. Ultimate use of abundant fission 

m 90 is the aim of studies now under way 
plications of large beta rndiatioll sourc.es. 

-energy radiation e 

-sanmercial firms have continued to produce electron beam irradi- 
rials, including a transparent polyethylene food wrapping, 
Tire and cable insulation that has been accepted for the 

em, and irradiated plastic parts with 
d temperature resistance particularly 

roduced products are based on tech- 
ssion-sponsored research. 

Radiation Processing of Food 

n radiation preservation of food is 
to demonstrate technical and prac- 
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chemical or physical changes which result in a superior product. 
shows the results of a General Electric Co. experiment in whi& pima 

The irradiated film (left) retained its form, while the nonirradiated piece iw 
“flowed” and lost its original characteristics. 

industry. 
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,iose processing-in this case less than 1 niillioll rad 
iigh dose radiation for long-term 

ses to be tlie most imniedi- 
g radiation for food proc- 
assist food distributioll by 
sh condition as possible ancl 

y. It could have economic 
te near-fresh perishable foods in 

artment of the Army Quartermaster Corps program is con- 
on high dose radiation sterilization of foods-to destroy 

nisms and permit long-term 

mission request, the American Institute of Biologiical Sci- 
a committee of scientists to consult with the 

ion’s Division of Biology and Medicine and Office of Isotopes 
and wholesomeness factom in 

ing ha-ve been investigated by 
to detailed research. Under WntraCt, 
as reviewed all technical aspects of low- 

pmessirg of fruits and vegetables, and made a market analysis 

A gqanion technical study on radiation preserration of fish 
k n  completed by Massachusetts Institute of Technolom, and 

marketing factors and economics are being studied by the 

dw potential role of radiation processing and its economics. 

ies, Department of the Interior. 

studies, plus information developed during the Quarter- 
orps experiments, have provided a basis for progaming 

diators are being designed 
oratory, and the first,, using 25,000 
eted during 1960. Brookhaven mil] 

her specialized irradiation 
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Ion: RADIOISOTOPE TRAINING AND EDUCAT 

The Commission’s radioisotope technology training ac-,iviliQ 
intended to help incorporate appropriate background and b 
into existing and new courses in the physical sciences and 
The program includes equipment grants, faculty training? and ;:> 

Under its equipment grant program, the (hIu?lission durin 
made 36 awards totaling $224,107 to 36 institutions in 22 
Funds went for acquisition by colleges and universities of rad 
detection devices, radioisotope handling equipment, and rehted ? 

is on teaching, as distinct from research. 
In cooperation with the National Science Foundation, th 

eng&14 k 

development. -%+ 

oratory demonstration apparatus. Emphasis in U s e  of the 4% 

mission during 1960 supported three f acuity training instit.& e c-- 
us8 of radioisotopes, radiation principles, and safe handling R 

In developing laboratory radioisotope manuals and trainkg - 

niques, a t  the Oak Ridge Institute of Nuclear Studies, MaSa,,h ~ 

Institute of Technology and the University of California at B~~ 
The institutes were attended by 97 members of 75 college facultie * 

tested radioisotope experiments have been compiled for use in . 
college chemistry curriculum, together with instructors’ noks, 
experiments are particularly appropriate for use by institutiou a 
limited equipment. A set of experiments on chemical use of b g  
intensity radiation h<zs been developed as h‘as a cobalt 60 ir&- 
suitable for laboratory esperiment,s in advanced graduate md uncikp 
graduate COU~^SBS. 

The Commission also assists in training senior technical pemrd 
of industry in radioisotope technology and, during 1960, indurn  
isotope courses at the Oak Ridge Institute of Nuclear Studies- 
attended by 135 persons. 

An educational film, “Industrial Applications of Radioisotop* 
in color and approximately 57 minuties in length, was prepared mks 
Commission contract. Directed to industrid i~iaiiagen~ent, engine-  
and technicians, the film illustrates industrial applications of md- 
isotopes in tracing, radiography, and gaging. The film may be te 
rom-ed for nonprofit showing from any Commission film libmF 
Appendix 7 ) .  

The Commission also has cooperated with various educational @ 

industrial organizations in a series of regional conferences ww* 
radioisotope techniques, safety practices and regulatory r m d  
During 1960, conferences were held in 7 locations and \rere atten& 
by 1,100 industrial personnel. 

e e n t  on natioi 
i 4 I e r n .  Sixteen I 

A*blishing unif or 
bZLrdds. 

ln the Euratom-1 
work was coi 

acttion of two ni 
b be issued earl 

Exchange of sc 
zfamation was in 
-&lies and the Uii 
rnidurn of Cooper: 

e Tisits and disc1 
a i ~  energy m-ere 
el sf the United S- 

a Peaceful nuclear * promoted thrc 
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~ International Activities 

fionaZ ,4 tomnk Em-iagy Agency. The Fourth General Con- 
tile Agency accepted principles and 111 ocedures to sene  as 

dat,ion for an intmnational safeguards system against di- 
nuclear materials and equipment from peaceful uses. 

states offered to place nuclear facilities under *4gency 
the L4geq-  is rmdy to assume these responsibili- 

ents vere made for agreements under which the 
rill act as an agent in prox-iding special nuclear ma.terials to  

The 
nlet an increased number of requests for technicd assistance 
from allotkd funds but also with special assistance from addi- 

~ funds provided by the United Nations Expanded Program for sci11 gssistance, and from those offered by the United States in 
E- 

I ws was achielred toward resolving the public liability ques- 
~ k i b e  IAEA, Organization for European Economic Cooperation - =g), tbe European Atomic Energy Community (Euratom), and 
ST &Ii-cidud nations by reaching a clearer understanding and 
_merit on national, regional, and international levels of this major 

Sixtee11 member states of the OEEC signed an agreement 
&& - * ~ d n g  * uniform standards governing civil lia,bility for nuclear 
g&. 

adS as soon 

-- ' and Korway, and hea1-y water to Yugoslavia. 

for equipment in kind valued up to $192,000. 

a .  

===- 

I be Euratom-United States joint program, research and develop- 
g- Fork xas continued and the secund round inritation for con- 
_f -%ion of two nuclear power plants to be completed by 1965 mas 
3:gk issued early in 1961. 

1--.i  -: imge of scientific and technical personnel and unclassified 
tion was initiated betg-een the Union of Soviet Socialist Re- 
and the United States under the McCone-Emelyanov Mem- 
of Cooperation signed in Xoreniber 1859. 

and discussions of developments in the, peaceful uses of 
nergy Kere aixmged between scientific and tec1inic.d person- 
e &ted States and those of India and Yugoslavia. 

@ful nuclear energy developments in the Western Hemisphere 
PMmoted through the Second Inter-American Nuclear Energy 



204 MAJOR ACIIIVITIE8 

Commission meeting, the Third Inter-American Symposiulrr 
QQ I; 

-d'% = 

Peaceful Uses of Atomic Energy, and tlirougli use of the pucR< - 
Kuclear Center where a 1,00@ k1-c (tlrermal) reactor was dedi?, k- -- ~ 

August for nuclear training and research. 
L 

INTERNATIONAL AND REGIONAL C O O P E ~ T ~ ~ ~  

Internationul Atomic Energy Agency ( I&A) 

Fourth General Gonf erence 

The foirrth annual General Conference of the International 
Energy Agency took place at  the Agency's headquartem in 
from September 20 through October 1. Sixty-three of the 70 m- 
states were represented and five additional countries became 
during the Conference. 

As 1i-d of the United States delegation, U.S. Atomic E 
Commission Chairman John A. McCone urged in his general- 
ment that all members increase their contribution in support of 4 4@%e 
programs. He also recommended a strengthening of the -iexr * =  
tachnical programs, continued action on international pro&,, 
health, safety and waste disposal, and the endorsement of the d 
I S E A  safeguards system that had been developed by the Bagd 0 

Governors. 
The provisionally approi-ecl Ageiicy safeguards were elidoM - 

the General Conference. Implementation of these proceclm 
carry out the safeguard function specified in the A4genc.y's statu&& 
enable the Agency to  administer safeguards under C.S. bilateral - 
merits at the request of the Nations concerned. Seven countrig@ 
nowlcd during the Conference their willingness to have suc.h b i l m  
safepards transferred to the Agency for administration, 

I n  further sessions the Conference approved a 1961 budpt to& 
nearly $8 million and adopted resolutions strengthening the p v  
of technical assistance, development of nuclear power, and di:d 
tion of scientific information. 

QG 
%E 

Sa,f eguards. In April, the Agency Board of Governors pro\-kic=5 
approved for consideration by the Fourth General Confexuncy- F- 
ommendations on the Agency's initial safeguards principles a d  
tailed implenienting procedures as well as on the rights? pri* 
and immunities of safeguards inspectors. The United States 4- 
prominently in the de-i-elopment of these procedures. 

f d a  

mle payment by 
g m  Agency's tor 

an. Voluntary 
&&g 1960 mere I 

mznibution of the 1 

l=~ehm-€a,J Equiprne% 

The Agency authc 
%e went to Greece, 
%Sudan, and Tu1 
~ C O ,  Paraguay, : 

nce in develo 
ion, equipmen 



205 
tember action of the Fourth General Conference was the ap- 

-country resolution that tlie Board of Governors take 
as appropriate, the views expressed in the General Con- 

l,,,,ore giving effect to the Agency safeguards principles and 
The Board of Governors was invited to report to  the 
1 Conference on the Agency's implementatio11 of safe- 

. cr the Fourth General Conference also, the United States 
four reactors in this country under Agency safeguards. 

XaS made to demonstrate that Agency safeguards do not 
national sovereignty, and to provide in effect, a field 

in which the safeguards principles and procedures could 
and improved. The Brookhaven Medical Reactor, the Brook- 

the Experimental Boiling R'ater Reactor were included in 
s&t* 

r,,,f~cility offer. During the period in which safeguards would '' icj,d these facilities, the provisionally approved safeguards 
les md procedures mould be applied, including verification of 
riate accounts and records, and visits by the Agency's inspec- P 

P 
*&ts of 1960 in activities of the International Atomic Energg 
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&I&. 

d' t d  
3;; offer 
&fir@ ~ won 
&fitor;F 

pltrlnb 

dd Graphite Research Reactor, the Piqua Organic Moderated Re- 

e- 
ni@a 
LencF are described in the following sections. 

ri papent by the United States to the International Atomic 
~ Agency's total regular assessed hidget of $5,823,000 w s  $1.9 
dhn. \Tolun tnry contributions to the Agency's o p e m t i q  budget 
&np 1960 were $957,837, of which the United States provided 
=a, t iq)  that had been pledged unconditionally. The U.S. p l d g e  to 

h additional contributions up to $1 million WZLS not utilized sill= 
+ t q  payments by other countries did not match the basic $500,000 
&butJion of the United States. 

~&II Epu.ilnzz.enf mid Experts 

E Agency authorized two preliminary technical survey missions. 
K e n t  to Greece, tlie Ivory Coast, the Federation of Mali, Morocco, 
Sudan, and Tunisia : the other visited E l  Salvador, Guatemala, 

Paraguay, and Peru. These missions a s s d  the needs for 
ce in developing nuclear energy activities such as training, 

tion, equipment, or technical experts. 
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As of Kovember 30, some 170 requests were receirecl fron, 
states for tecIuiica1 equipment or experts. The Agency sel,l :li 
experts to tliese countries for periods ranging from 6 &,lltllb tr, 
to provide assistance in education, trahiing, and 1)ltxllllin 
reactor and radioisotopes programs. In addition, the aiPenrv 
a field program under the U.K. technical assist aiicp prok.,;LtKt 
the services of 26 experts. The United States furnislied si 
consultants during the year. 

The Agency's 1960 budget provided $552,000 for sen&Ig ea 
member states as well as $47,190 for technical equiPnlent 
totaling $599,610 were also received from the United sxtiori, 
paiided Program for Teclmical Assistance. I n  addition, ti,e 
States made available nuclear equipment valued at $ 1 g ~ , ~ ~ ,  
its offer to the Third General Conference in September 1959. E 
member states received assistance under this United States 
through the IAEA. . f !  

Training and Exchange of Scientists 

The Agency allocated $800,000 for its training program in 1 
had received by Korember 30, some 6-10 applications for trairliL,= 
lowships from 43 countries. Of these, about 424 had hll selet.re; 
assi,ment t o  5% foreign institutions, approximately 40 perppc,* 5 .  

t.raining in tlie United States. More than 140 IA4E,4 fel]O\T+ 
Iinre completecl training. 

On the recommendation of the United States, the Agene! j b E  
couraging developnient of an independent training capacity in wr% 
member states. Plans were approved for regional raclioisotole 
jng courses in Cairo and regional training courses in Several 
locations were under consider a t' ion. 

the United States in 1958, one was used first in four Western Eli 

countries, was later transferred to Korea, and subsequentl? 
to the Republic of China : tlie second was used during 1960 ill I!.+- 
tiiici Argentin:t. 

z 
%* 

Of the two mobile radioisotopes training laboratories presetit$ t 

Hculth andXufe fy  

Standards concerning health and safety measures to be used i~e 
juliction with materials or equi pnient prorideit through the A*- 
were approved. Provisional regulations concerning transport of- 
active materials were also approved for application in &W? @?- 
tions and for the guiciance of menikr states. 

5 ( j G b ] q L /  
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supported studies of different types of power reactors 
of nuclear power to guide member states in 

nuclear power programs. A power survey mission was 
d to assist that country in evaluating its future needs, 

practical role to be played by nuclear stations. A similar 
r1iich the U.K. Technical A4ssistanc.e Administration co- 

l-iited States invited &enc-y staff representatives to observe 
remi sma~l  and medium power reactor projects in this country. 

i*' solinel have visited these project sites and will regularly 

~ ~ f P  inforniation on reactors of particular interest to less-developed 
&F~fl€5. 

fipt reactor hazards evaluation of a proposed reactor was com- 
-4 for SKitzerland, and the Swiss Government announced evalu- 
-2 - aould be requested for future reactors. 

&&??l* in 
TCnS sent to the Philippines. 

3, 

* ill 

is e- rthI)ollse to a request from Finland, the Agency completed ar- 
:llt'llts to provide thsLt country with enriched uranium for a 
;-\ 31:lrI; I1 research and training reactor purchased by Fin- 

r ~ p  I'nitecl States. 
I-nitecl States also agreed to make available, through the 

T, urniiiuin fuel elements for use in a cooperative research pro- 
-% 10 coiiclucteci in Kormy  to obtain basic nuclear data for 
P?: ~ i i ~ t o ~  design. Fuel for  the first core of the Seibersdorf, 

iwe:ircli reactor was supplied through the U.S.-Austrian 
--mit for Cooperation ; ho~~ever ,  it is espected that future cores 

-3 mi request for  Agency assistance in obtaining heavy water 
f ~ d p  hy Yugoslavia for a research reactor a t  Boris Kidric In- 

- The materinl is to be supplied by the United States under an 
nt ahich is in process. 
rllitecl States suggested that Agency member states with 

t-nited States has bilateral agreements obtain all or part 

-p h i i n e c l  through the ,4gency. 

?3= is 
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of their future reactor fuel supplies tlirougll the 
countries subsequently made informal inquiries 
to submit firm requests for fuel requirements frolrl t ~ l e  

during 1961. 

Pulr Zic LiubiZity 

protection against claims for damages arising from nu 
The Agency sponsored discussions of public (t1lil-d li 

involving land-based reactors, a i d  a draft convelltiol, 
for consideration by IAEA member states. Agency ~~ 

couraged by the success of the Organization for European E, 
Cooperation (OEEC) and the Ihropean Atomi 
iiity (Euratom) in preparing siniilar conventions for 
their respective members. 

The Agency held tm-o panel meetings for drafting a 
national convention on public liability applying to nuclear 
vessels. A conference has been called for A4pril 1961 to 
draft convention. 

Puh Zications 

Included in the documents released by the Agency during 
were the “International Directory of Kuclear Reactors“ (iv0l 
and 111) “International Directory of Radioisotopes*’ (iTolum 
and the first issue of the quarterly “Journal on Plas 
Thermonuclear Fusion.” 

proceedings of ,4gency-sponsored conferences and sump&i 
in 1958-59 also were published. 
was established for use in preparing, upon request by any 
states, detailed information on special subjects in atomi 
The ,4gency library was expanded during the year b 
member states, and the United States provided a1 
sified tecllnical publications of the Cormnission in 
updating of the Atoms-for-Peace library donate 
States to the ,4gellc;v ill 19%. It. iS estimated that 
has suplllied, to date, niore than 29,000 unclassified reporti: xi 
lications to the I S E A  library. 

Research 

Bibliographies on different phases of work in atomic e n e q  

A Scientific Refe 

ef the Vinca zerc 

Through Kovenlber 30, the Agency awarded soni 
tracts to scientific institutions in 15 countries. 

5 0 0 b 1 9 b  
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additional support to the program bv 

through the IAEA4 totaling $125,310 with 

~truction vi-xs underway 011 the Agency‘s central analytical 
Seibersdorf n-liere research projects are to h under- 

tributions of equipment from other coun- 
ovided $600,000 in 1959 to assist in con- 

this laboratory, to be completed in early 1961. 

o major international scientific confer- 
enna, September 5-9, “Small and Medium 

er on “Use of Radioisotopes in Physical 
d in Copenhagen, September 6-17. I n  ad- 

0 scientific symposia on such subjects as 
ear Transformation,” “Nuclear Ship Pro- 
nt  Fabrication.’’ The Agency also span- 

crow expert panels and seminars to consider matters such 
dation of radioactive materials, safe and effective use of 

ssemblies, reactor economics, and codes 

d States assisted in an Agency-sponsored experiment at  
+Kidric Institute in Yugoslavia to obtain data on the bio- 

of an accidental high level radiation exposure to six 
The experiment, conducted by France, the United King- 

the United States was aimed at assessing more precisely the 
doses received by the scientists during a brief, uncontrolled 

d he Tinca zero-power reactor on October 15, 1958. 

European Atomic Elzergy Cornrna~ity (Earatom) 

eactor program of the European Atomic Energy Com- 
[Euratom) and the United States entered its secolld phase 

~ i t h  preparations to issue an invitation for a second round 
r power reactors to be completed by the end of 1965. 

acceptable proposal for a power reactor to  be in operation by 
31, 1963, was received in response to the first invitation. 

negotiations involved in this first project mere progressing 



. 

s o  
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An additional ,4greement for Cooperation betq-een 
States and Euratom, which became effectil- 
ments tlie original joint prograin agreement of Fe 
provides, subject to Congressional authorization, f 
to  make available special nuclear materials to meet certairi ~~ 

needs outside the scope of the United Stat 

30 percent of total Western European electricity r 
should be met from nuclear sources. 
40,000,000 electrical kilowatts of installed capacity. 

Power Beactor Program 

I n  its Third Annual Report, Euratom esti 

This m-ould 

An invitation for proposals to construct tw 
December 31, 1965 is scheduled to  be issued by the lit on^, 
Commission and Euratom in early 1961. A date is to be stip 
for submission of proposals, and intereste 
provide satisfactory assurances that proposed reactors will be hl 
tion by the end of 1965. 

actor proposal by an Italian utility, Societa Elletronucleare 
(SEKN), submitted in response tQ the 1959 invitation elo 
first phase of the program for reactors to be c 
ber 31,1963. 

The SEKN proposal n-as for IL 150,000 ekx  
near the nioutli of the Gnrig1i;ino River in Italy. 
detemiinecl by tlie Joiiit Reactor Hoard to meet the specified cOl,dib 
and criteria of the invitation and was sub 
United States and Euratom as an acceptable 
necessary arrangements such as contracts for fuel cycle pa=* 
fuel supplies, and chemical reprocessing services. Contract e 
tiations are in progress for a Euratom SENN 
Atomic Energ7 Conunission-SEKN Fuel Cycle Guarantee Eli 
Contract. The reactor is alread:- under construction. 

The Societe A T z ~ 7 e n i ~ ~  Franco-Eelge des Ardennes (8EiTL.I i 
comprised of French and Belgian companies, has indicated that 2 
propose construction of a 940,000 elm pressurized water reactor 
the second invitation of the joint program f 
pleted b r  the end of 1965. Under the special status of a ‘‘Joint 
prise” accorded SEKA4 by Euratom, the group will receive 
economic advantages such as exemption from c 
contractor for the project would be the Westinghouse htPmr’e 
Electric Co. 

Commission and Euratom acceptance of tlie definitiye Doaa ~ 

This pmpcl.a;t on June 1 the EW 
b i s t e r  transac 
Euratom membe~ 

sarials began on tl 
h b e r  1. Respoi 

EEBX materials, and 

5m~m Research j 

O b 1 9 8  
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German group, formerly AES, now the KemAraf6wed6 Baden- 

fie TT$erg PZununysgeseUscliaft will study the economies and 
for construction of a 150,000 ekw atomic power 

s to build as a first step a small 15,000 ekm pilot power 
accurate data on construction and operation costs. 

1 

reh a& DeveZopment Program 

ates-Euratom research and development program is 
closely related to nuclear reactors constructed under 

am. It is principally concerned with improving the 

ssion and Euratom will issue an invi- 
h and development work specifically 

and technology of the SENN boiling 
ojwt. By November 30, the Joint Research and Development 

and development proposals of which 
from the United States, 147 from Euratom countries, and 82 

in the United States and Euratom 
@. Fifteen of these contracts had been authorized so f a r  in 

in Euratom countries. When pro- 
of other types of reactors, research 
cover these concepts. 

gency was formally established 
ister transactions involving the supply of nuclear materials 

control over special nuclear 
began on that date; its control over source material began 
1. Responsibilities include preparation of estimated re- 
, review of offers and selection of suppliers, allocation of 

aterials, and specification of terms and conditions of sale. 

Research Program 

apeement under which Euratom will assume control of the 
rresearch center at Ispra, Italy mas ratified by the Italian Gov- 

on July 19. Euratom mill concentrate its main nuclear re- 
rt at Ispra, and Italy will gradually relocab its national 

ffork to other installations. 
t.he agreement, Euratom will operate the Joint Center for 

Research for 99 years and will contribute substantial funds 
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toward operation and further development of 
United States has presented an unclassified teclulical d 
brary to the Center. 

Eurstoin agreements for resesrcli progranis were a1 
with West Germany and The Ketherlands to prov 
search at Karlsruhe, Germany, and Petten, The 
other arrangement permits Euratom to use the materials t 
tor a t  Mol, Belgium. 

Saf egwrds 

Euratom representatives conducted their first 
tion on use of nuclear material and facilities at 

Organization For Ezcropeun Economic Coope 

During 1960, the United States enlarged its participat,ion in 
activities of the Organization for European Economic 
which are concerned with peaceful uses of atomic energy. 

Third Purty Liability Convention 

The OEEC convention on public liability to provide h a n ~ d  ~ 

tection against nuclear hazards, a significant step forward in - 
ing an obstacle to  atomic energy industrial growth, was approved k, 
special council of experts and all member states signed the 
tion by November 30, when it became effective. 

n e  Commission 
kternational or 

b undertake studie 
b e  how irradiai 
b p e  with a view t 

Drafted by the European Nuclear Energy Agency of OEEC 
ing 1959, this convention is the first joint attempt by the K e  
European countries to remove a major obstacle to development 
clear power. I n  general, the convention provides that absolutek 
bility be placed on the operators of nuclear facilities, and tk 
suppliers be freed from any claims. It provides that each adkzg - 
country will have a maximum liability per 
million, with the proviso that each country 
mental intervention, alter this liability l e ~ l  
or further international convention, but not 
million coverage. 

DRAGON Project 

In  ,Qpril, the Commission and the United 
Authorit<y (UKAES), acting as agent for 

5 0 I? (7 8 0 0 

incident of at last@ 
could, through ~ T E S  

by domestic leg&* 
to provide less t h ~ &  

Kingdom Atomic E* 
the DRAGON Pmj6 

Itrt  er- Americh 
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ent providing for exchange of detailed 
high temperature gas-cooled reactors. 
N Project, a joint undertaking of the LTAEA and 

the European Nuclear Energy Agency of the OEEC, 
of an experimental 20 Mw (ther- 

ed reactor a t  Winfrith Heath, Eng- 
sponding United States project is the 40,000 ekw 
the same type to be built by Philadelphia Electric 

d General Dynamics corp. under the commission’s Power 
trabion Reactor Program. 

long-term assignment of person- 
Company for Chemical PToce&ng 
) assistance in planning the design 

cessing facility at Mol, Belgium, 
July under direction of the European Nuclear Energy 
The Eurochemic Co. is a semi-governmental, semi-private 

ational shareholding company with members from 13 Western 
@ 

% Commission participated with 13 Western European countries 
d international organizations in meetings held under sponsorship of 

ergy Agency to examine prospects and prob- 
by irradiation. The Agency was directed 
ited States progress in this area and to de- 

e how irradiation could be applied to food processing in Western that a.bsolute b- 
pe with a view to establishing formal projects. 

Inter-American Nuclear Energy Commission (IANEC) 
it of at last  51: 

ng of the Inter-American Nuclear Energy 
&%ion was held in Petropolis, Brazil, July 11-15, with repre- 
wives from 14 of the 21 members of the Organization of American 

(OAS) including the United States. Admiral Octacilio Cunha, 
9 was elected Chairman for 1960-61 and Dr. Carlos Martinoya, 
vice-chairman for the same term. 
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General Manager A. R. Luedecke presented the U.S. Reactor 
aracag check at  the dedication of the Tenezuelan reactor, at c 

November. Assistant General Manager Dwight Ink ~cconlpan~ 
members of the Joint Congressional Conunittee on a tour 

@q 

of European nuclear establishments. .s 

' 1  

Of a nu,? 

ex&&@ The delegates approved resolutions calling for increased 
of nuclear scientists and engineers, establidunent of a permanent 
visory committee to develop a comprehensive Plan for COOrdinalb; 
education, training, and research in nuclear sciences and technol 
and to undertake a preliminary study of public liability p r o b l e z  

that IANEC representatives open negotiations with the Internatir 

that the Organization of American States make its fellow&ip and ~ 

change and technical assistance programs more flexible SO a t 

made of available nuclear information facilities and services 
Americas. 

the nuclear energy industry. Also approved were recommendatiq \ a  

Atomic Energy Agency for formal arrangements for cooperaticlr; Jh 

meet IANEC needs; and that a survey under IANEC auspices O b e t t ,  

kt), 

ton, D.C. % 
The third IANEC meeting will be held May 9-13,1961, in w a  
The In te r -her ican  Commission was established April 25, 19% 

under the OAS as an outcome of President Eisenhower?s p r o m r  
the July 1956 meeting of the Chiefs of State of the American &* 
Iics in Panama for cooperation of the Inter-,4merican countris in fr;r, 
thering the beneficial uses of nuclear energy. 

Th+d Inter-American Sympoaim 

Held July 18-22 at  Petropolis, Brazil, the Third Inter-dmerim 
Symposium on the Peaceful Applications of Nuclear Energy wm 
sored by the Inter-American Nuclear Energy Commission and &g 

Government of Brazil. The United States provided financial sp 
port through a grant from Mutual Security Program fun+ 
Brazil acted as host. 

More than 75 participants from 14 member states of the 0 s  
tended the Symposium, the theme of which was 4'Industrial AppXm 
tions of Nuclear Energy." 

Advisory And Consultant Services 

The Cornmission increased during 1960 its furnishing of comUft@ 
and experts to other countries to provide assistaiice on p r o p g  

=- 

BILATEI 

cc 
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for development of peaceful uses of atomic energy. In all, 

and to projects sponsored by IAEA, EURATOM, ..,,tries 

Remtor Fp.;t, ;*sts -i'l ,ons~Itants and experts were provided by the Commission to 
tor, at caracai . 5 

Ink ~ C O 1 l 1 p l r i i r .  

a of a Ilklllii&- 

.-. ' 

Energy was 
mmission and tpIi 
led financial sup 
lpam fund% d 

8s of the OAS LE- 
idustrial X ppfif-si- 

s 

5 0 0  

BILATERAL COOPERATIVE ACTIVITIES 

Cooperation Wi#b The U.S.S.R. 

rocal unclassified exchanges of visits by nuclear scientists reciP 
the united States and the union of Soviet Socialist Republics 

R@ mpleted in May and July as the first formal steps in imple- e @  Gon of some provisions of the U.S.-Soviet Memorandum of Co- 
1s *on in the Peaceful Uses of Atomic Energy which was signed on 
YO 
mbr 24, 1959.22 

sibilities of United States and Soviet cooperation in peace- 'ftepo 
f l  of atomic energy were first raised by U.S. representatives and 
be subject of informal discussions between Chairman McCone 
mfwr Vasily S. Emelyanov during the latter's visit to  the 
2d States in September 1959 with Premier Nikita Khrushchev, 
$3. Preliminary agreement was reached at  that time on an initial 
-pml exchange of visits to unclassified facilities. In  October 
*: -. finited States delegation headed by Chairman McCone visited 

gtomic energy facilities, and the exchange was completed in 
fouoving month with a visit to U.S. unclassified facilities by a 

delegation headed by Professor Emelyanov. 
:&owing the Soviet visit in November 1959, the formal memoran- 
: to cover future exchanges of personnel, information, and other 
amtion in unclassified atomic energy fields was signed in Washing- 
= Chairman McCone and Professor Emelyanov. It is being im- 

ted within the framework of the U.S.-U.S.S.R. Scientific, 
hid, Educational, and Cultural Exchange Agreement for  
41. 
-;der the memorandum, provision is made for cooperation in the 
d ~ h g  areas: Reciprocal exchanges of visits by U.S. and Soviet 
zhts in controlled thermonuclear research, nuclear power reactor 
=cjpnients, high energy physics, nuclear physics, neutron physics, 
- gmctures of nucleons ; and for exchange of unclassified technical 

tion; and discussions of the feasibility of engaging in un- 
j o b t  projects in the peaceful uses of atomic enerm. The - 

i- 

t% 97-98, Annual Report to Congress of the Atomic Energy Commision for 1950. 

1 0 3  
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International Atomic Energy Agency will receive copies 
changed reports and memoranda on results of exchanges Of of all , et 
The Agency also will be invited to participate in U.S. and soviet Q 

J‘i&- 

sideration of possible joint projects. %*. 
During the Fourth General Conference of the IAEA in rienr, 

Chairman McCone announced that as a result of further diw&iee 
with Professor Emelyanov of the U.S.S.R., there would be a 

exchange of visits by experts for exploratory talks and exchan:i information in the field of waste disposal. 
technology, originally scheduled for the fall of 1960, have been 
ferred until the spring of 1961. 

Five U.S. scientists participated in the first formal visit - 
311 If& 1960 to Soviet high energy physics facilities. At approsimstellr 

same time, the first team of five Soviet scienitists visited usc 
* trolled thermonuclear research installations. I n  July 1960, the 

group of five U.S. scientists visited the U.S.S.R. and toured sopi, 
controlled thermonuclear facilities. Also in July, five soy;& wiw 
tists ttoured U.S. high energy physics laboratories. 

Details of further exchanges of visi.ts under ;the 1959 mernomde 
of cooperation as well as the possible addition of other areas of ea 
change are being considered by U.S. and U.S.S.R. rePresentati,.@ 

Exchanges on fast 

.- 

I Agreements For Cooperation 

Status of Civil! Agreements 

Three new bilateral Agreements for Cooperation in peaceful 
of atomic energy became effeotive during 1960. They were with 
tria, Indonesia, and Venezuela. The new research agreement 
Austria superseded and modified the terms of la previous r e w ~  
accord. The agreement with Indonesia is of the research type. TB 
agreement with Venezuela was for power reactor development, SUP 
seding an existing research agreement. 

During the year, the Agreements for Cooperation wikh Chile, G 
lombia, Lebanon, and Pakistan expired through mutual a,memz 
of the countries concerned. The expectation is that these cow* 
will seek assistance in their atomic energy programs from the Inie 
national 9tomic Energy Agency. Amendments came into effect rnk 
fying and extending in most cases for 2 years the agreements si5 
,4rgentina, Brazil, the Republic of China, Greece, Israel, €’or@ 
and the Philippines. These agreements are for a limited perid@ 
the assumption that d h i n  that period the parties would r e d g  

Progre 

up6 power react 
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on placing their bilateral adirities under Agency 
@@ ds or would work through the IAEA for future materials 
& Other amendments that, came into effect expand and *ijfc the terms of existing agreements with Canada, Kevi- Zealand, 
4 ir * 

d ’if November 30, 41 agreements mere in force with 39 countries 
4s 2 with Switzerland) and the city of Tes t  Berlin-I4 

* These are in ad- 
Pr F‘ & special agreements with the International Atomic E n e r a  *[ion 
- I  gmcf 

,Tllgr 

j,ailand. 

$C‘l d in ,  
eer reactor cooperation and 27 for research. 

and Euratom (see Appendix 14). 

Progress In United States Reactors Abroad 

wer reactor constructed by a United States company in the me PO eral Republic of Germany went into operation in Kovember 1960. 
power reactors mere being planned for construction abroad f-4 

i@@ 

smntrac% was signed by Japan and General Electric in September 
tonstmotion of a 12,500 ekw demonstration boiling water reaotor 
fie Japan Atomic Energy Research Institute’s center at Tokaj. 

€bring 1960, 8 United States-manufactured research, training and 
reactors went into operation in foreign countries, bringing the 

Txgl to 27. An additional 17 research, training and test reactors 
i.pfe being built abroad by U.S. companies as of November 30, and 

were being planned for construction. (See Part  IV, Appendix 

under construction by U.S. companies. 

. s s ~ ~ p  date is set for early 1963. 

* ? s  :I. 

Research R ~ U C ~ O T S  And Eqzcipment Grants 

&tors 

The Commission approved during 1960 research reactor project 
mts up to  $350,000 to Pakistan and Turkey and $200,000 to  Yup-  

These grants bring the total number commibted since the 
ublishent of the prograni in 1956 to 22 with a total value of $7.55 
Lion. (See Appendix 16, Research Reactor Grants). - 
‘The apparent discrepancy between the figure of 30 research reactors shown as 

d i e  in the 1959 Annual Report and the figures of 27 reactors operable with 8 going 
aWration in 1960 given in this report results from a change in the definition of 
QQP”. In  this and succeeding Annual Reports “Startup” a s  shown in Pazt IV, 
e 12 will indicate startup date in the location shown by the table. Previously, 
M P ”  referred to startup date in any location. 

3805 



During the year, payments mere made of research reactor 
previously committed to Austria, Denmark, Japan, and Ve 
raising the number of grants paid to eight for a total of $2.45 
Other countries xhicli have received grants are Brazil, the 
Republic of Germany, Italy, and Spain. Grants are limited 
half the cost of the reactor project, but not to exceed $350,000: a 
paid upon completion of the project. 

Requests received subsequent to June 30, 1960, are to be e r  
by the International Cooperation Administration in competitio 
other requests for assistance from the requesting country md 
be financed with funds available under the ICA's Technical 
Program. 

p a t s  dating fror 
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d of the year, six countries received grants from the Corn- 
on of nuclear research and training equip- 

alue of $756,116. These grants bring the total 
d by the Commission to 21 for 18 countries since 
the program in June 1958. As reported above, the 
made available through the International Atomic 

cy contributions of nuclear equipment to 8 countries with 
of approximately $192,000. 

Mate&& And Bilateral Saf egurds 

a& FueZ As&hnce 

1960,321 U O g r a m S  of uranium 235 for use in reactors and 
d development programs were provided other countries on 

basis, with major shipments going to France, Germsny, 
The 1960 materials transfers exceed the total of previous 

dating from the inception of the program in September 1955 
total to 630 kilograms. Sixty-two tons of heavy water 

the year to France, Norway, and Japan, mak- 
heavy water as well as smaller quantities of 

&rials shipped abroad since September 1955. 

7 2 ~  heavy water. I n  May 1960, the Commission authorized 
ts facilities to reprocess degraded heaPy water used in four 

rs for which heavy water originally was purchased from 
tes. The Commission will perform this service under 

nd conditions now in effect for United States companies 
ercial facilities are available. This serviw wiU de- 

eamount of heavy water that must be purchased for replace- 

&sting bilateral agreements, the United States has provided 
d assistance to cooperating countries in establishment of mn- 

to insure adequate accountability for nuclear materials, 
of nudear reactors and equipment obtained from the 
- Agreements contain provisions in most cases for the 
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possible transfer of safeguards activities to the Inbrnational 4t 

j3-mw.---- Energy Agency. QQ 

k 
spections consisted of audit and verification of nuclear ‘ &  mabriak. 

k= 

J%rrrn ! The Commission conducted safeguards inspections of 
in 12 foreign countries and the City of West Berlin during u3 1960 fat$ 

ventories, examination of accountability records, and physical ~ k 
tions of nuclear reactors and equipment of United Stat, 
Countries visited were Australia, Belgium, De 
Federal Republic of Germany, Israel, Italy, Japan, N 
Sweden, and Switzerland. (See Appendix 15, Foreign R~ 
Critical Assemblies Subject to U.S. Safeguards.) 

Edzlcution and Training 

,ionir L.- - ----- 

More than 275 foreign nationals from 27 countries pafiicipatdk 
the Commission’s formal training programs in nuclmr scipncee 
technology during the year. Individual on-the- job trainin 
ments at Commission facilities were made for 700 persons. 

Guidance was given in response to several hundred 
foreign nationals regarding educational opportunities and fi 
assistance for training in nuclear science and technology in 
States colleges, universities, and private industrial facilities. 

and Engineering at the Commission’s Argonne National Lab0 
in 1955, a total number of 416 foreign students from 45 
100 United States Citizens had received training at 
December 1959. 

During the year’s three sessions 164 students from 
the United States attended 115 student-terms. E’ 
were ‘bafjiliates” (individuals capable of independent research a 
collaborating in a full time research problem for I year) 

Since the beginning of the radioisotope techaipues c ~ z a r ~ e  at the 
Ridge Institute of Nuclear Studies in 1947, a total 
tion& from 56 countries have received training 
isotopes in research and in industrial applications of radioi 
During 1960, 60 s tden t s  from 27 foreign countries participated 2 

separate sessions. 
The second %month course in nuclear reactor operations 

sion held by the Oak Ridge Kational Laboratory ended June29 
with 12 foreign students from 9 countries enrolled. The third 
which began November 7,  1960, was extended to 12 months to 
additional on-the- job reactor operating experience. Eight h’ 
nationals were enrolled in the extended course. 

Since establishment of the International School of Nuclear s; 

-nu  to 58 for, 

i 



s participad 
lear scienw 
training 

ersons. 

ies and film6 
iology in E ~ i b  
sili ties. 
f Nuclear Skim 
i ond  L a b o m  
1 45 countris E 

a t  the school 

ed requab frrr 

221 JkhUkRY-DECEMBER 1 9 6 0 

br, the Oak Ridge National Laboratory completed its sec- 
1s OCtQ th /nuclear reactor hazards evaZuation caurse in which 10 

g-  : p- 9 foreign countries were enrolled. The third course 
A? br 7 with 7 participants from foreign countries. 
&+. 1960, the Puerto Rko Nuckar Center offered courses in 

=:dr 
G-.  for more than 16 students from 12 Spanish speaking countries 

puerto Rim and other parts of the United States. Estab- 
* from 
1 1958 by the Commission under contract with the University in 

J pprt0c, Bugher, formerly Director of the Commission’s Division 
%Idu1 and Medicine, was appointed Director of the Center as of 

1960. On August 23, dedication ceremonies were held for 
kilowatt research reactor a t  Mayaguez. 

7 Jlwn 

++ yimm 
; t 1r1 Zience and technology, nuclear medicine, and radiological 

E 

- Rice, the Center offers instruction at  the graduak level. 

:s$?Iog7 

, 

f3 

Exchange of hformation I 
mges of scientific and technical personnel and information 
to the development of the peaceful uses of atomic energg were 

during 1960. 

a 
&Depository Libraries 

1960, the Commission provided an unclassified technical de- 
library to France and another to the Euratom Research 
Ispra, Italy, bringing to 85 the total number of libraries = 
to 58 foreign countries and 5 international or regional or- 
s. These libraries are kept up to date through periodic 
1 of new documents. 

made for unclassified visits t o  Commission fa- 
1,097 foreign representatives, and approximaMy 381 Com- 

representatives visited foreign atomic energy establishrnents 

rnited States continued its program of exchanging scientific 
i d  documents with other countries. 

!an 56 prh t s  of 12 new unclassified films were made available 
Year to foreign countries through the Commission’s liaison 
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offices in Argentina, Belgium, Japan, and the United K~ 
additional 52 copies of the 12 new and other 
provided other foreign countries and international 
supplements to film sets previously provided during the 
Conference on the Peaceful Uses of Atomic Energy held 
in 1958. 

Visits and Technical Exchanges 

Highlights of visits and technical exchanges d u r k  1960 
in the following sections. 

Chairman McCone, other Commissioners and high ~0 
officials participated in international activities to an increasi 
during the year. 
hlcCone took part in disarmament and test susp 
in England and France and visited atomic energy installations 
number of European countries. Commissioner Graham Rw a 
ber of the United States Delegation to the Fourth G~~~~~ 
ference of IAEA in Vienna; participated in the openin 
United States exhibit at New Delhi, India, in December 1gjP 
also visited European atomic energy installations. 

Commissioner John Floberg (resigned June 23, 1960) re 
the Commission at  the opening of the atomic energy exhibit 
Egypt, in May. Along with Commissioners Olson and John 
he attended the semiannual meeting of United 
Kingdom atomic energy officials held in Britain in May. 
sioners Wilson and Graham spoke at the ground-breaking 
for the experimental power reactor in Puerto Rico and a 
cation of the Puerto Rim Nuclear Center in August. At 
tion of Canadian Research Director W. B. Lewis, Co 
Wilson also visited the Canadian atomic ene 
Chalk River, Ontario. 

Canada. The United States and Canada re 
cooperative program for development o€ heavy 
reactors to be carried out under the terms of a memorandmof 
standing pursuant to the United States-Canada Agrmment 
operation in the Civil Uses of Atomic Energy, as repodd in 
Progress in Power Reactor Technology. 

Prance. Chairman McCone and other United States officials 
French atomic energy centers at Chinon, Saclay, and Marcode 
April in response to an invitation extended by 
after their visit to the United States in November 195% 

I n  addition to events previously noted 
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McCone and French officials discussed the nuclear pro- 

their respective countries and considered expanded coopera- 
Il tlie two countries. Specific agreement was reached on 
f information and personnel and joint uses of facilities 

@&fl”n 
&IS uf 
P bet”* 
9 $; of beryllium oxide in gas-cooled reactors. 

a united States technical mission visited India in Februarj  
to tour atomic energy and industrial facilities and to dis- 

d @&a’s plan for nuclear power developments. This visit was a 
u c l m  laboratories and power 
during the fall of 1959 by Dr. 
ndian Atomic Energy Commis- 

, Chairman of the United King- ,& Energy Authority, and other United Kingdom officials u~td States atomic energy installations in August at the 
of Chairman McCone. Discussions were held on coopera- 

ovtmber 16,1959, the United States and the United Kingdom 
5 years from that date of the 

ctors established in 1957. The 
vered under this exchange are the UKAEA?s W i n d d e  
gas-cooled reactor and HERO (zero energy gas-cooled ex- 

t at Windscale) and the Atomic Energy Commission’s Oak 

n the two Wmtrk. 

ia. Exchange visits and discussions of cooperation in devel- 
eful applications of nuclear energy were carried out in 

odavia and United States delegations of atomic mwgy 
anding was reached on areas of mutual 
ing cooperative activities through the In- 

Conferences and Exhibits 

Cmf erences 

1960, the Commission participated in the Euratom-spon- 
mational Symposium on Legal and Administrative Prob- 

kction in the Peaceful Uses of Atomic Energy held in 
gium, in September, and in the Tenth International 

A - 
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The United States also was represented a t  the Fifth n;ucle 
grw held in Rome, Italyv, in June in conjuiiction with the Ser;e ar 

Italian Kational Committee for Nuclear Research. In addit;,,, -~ I 
meetings and other symposia and conferences sponsored b 1lQ.Q 

International Elect roiiics and Nuclear Exhibition sponsored bt ~ 

these conferences, the Commission participated in numerous b. 

ternational Atomic Energy Agency. 9 the lE 

US.-Xupported Conferences 

Twelve international atomic energy conferences held in 19m p- 

% 
ceived support by Commission funds. s ix  convened Outside the 
tinental limits of the United States : 

“International Symposium on Comparative E f f d s  of Ionbing, ult 
Visible and Near Visible Radiations,” Sari Juan, Puerto ~ i ~ ,  m* 
nary 15-19. 

“Third International Congress for Photobiology,” Copenhagen, h*8 

‘‘Symposium on Effects of Ionizing Radiation on Seeds and Their 5‘ 

“Seminar on Use of Vital and Health Statistics for Genetic and hh 

“International Conference on Uses of Radioisotopes in the Physical 

“International Conference on Atomic Masses,” Hamilton, Ontario, 

J ~ l y  31-Aumst 5. 

cance on Crop Improvement,” Karlsruhe, Germany, August 8-12. L a  

Studies,” Geneva, Switzerland, September 5-9. 

and Industry,” Copenhagen, Denmark, September 6-17. 

September 12-16. 

Six topical conferences receiving financial support from the ca 
mission occurred in the continental United States : 

“International Conference on Organic Scintillation Detectors,” ~ i b a ~  

“Seventh International Soil Science Congress,” Madison, Wis., Auguet 
“International Symposium on the IJse of Radioisotopes in the Stwr 

“Fifth International Congress on Nutrition,” M7ashington, D.C., 
“International Conference on the Biological Sspects of Xetal 

“International Symposium on Response of the Nervous System to 1 

N. Mex., August 15-17. 

Bone,” Princeton, N. J., August %-September 3. 

State College, Pa., September 6-9. 

Radiation,” Eranston, Ill., September 7-9. 

ZnternutkmZ Nuclear Energy Exhibits 

f l r d d  AgricuZture Fair. A daily average of 35,185 people,f@? 
t o td  of 2,850,000 vie\Ted the Commission exhibit at the sen E* 
World Agriculture Fair. 

&or. 

dk India. 
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sbi;es Information Service reported that the nuclear dis- 
featured in approximately 180,000 colunm inch= in peri- 

lication~-+?qd to more than 30 average copies of the 

JANUARY-DWEMBER 1 9 6 0  

arclh reactor, operated at the exhibit in coolperation 
tomic Energy Commission, produced a t<otal of 132 

66 days of operation. The first medical ra.dio- 
for diagnosis in India was produced in the re- 

ray irradiation facility treated 4,700 group specimms 
gs, pharmaceuticals, and micro-organism, for research 

~ seminars were held for scientists, science students, and mem- Q Eleren 
3 f tlIe medical profession. 

13, the Government of India formally accepted a gift of 
d a l t  60 gamma facility, the fly-rearing facility, and the fly 
i&on model featured at the Commission's exhibit. Researoh 
sill continue in Indian research centers. 

~.~ The Commission exhibit at Cairo wras viewed by 136,344 pee  
f jchdded for May 8-30, the exhibit was extended through 3s 
~ + 9, upon a formal request from the United Arab Republic. 4 e- 
g - fae VAR scientists received instruction in operating the Ameri- 

- Grnndard UTR reactor; four engineers received certificatm of 
3Gvtpnce after completing their training program. Commission 

* .  

, in cooperation n.i& those of the UA4R, i r radiaM 20 s a -  

participated in a similar training program at the reactor 
the reactor and performed 10 reactor experiments. Twenty- 

cobalt 60 facility was used to irradiate 2,300 groups of samples, 
included insects, seeds, chickens, chemical fungi, and yeast 

echnical Information Center, scientific publications were 
in English and Arabic editions. 
ients underwent examination by the scintillation % m e r  

request of a local phpsician. The scanner was being displayed 
-=Iwtopes in Medicine section of the exhibit. 

- *  j ~ 7 w k  "Atoms at IVork,'' a small nuclear energy exhibit, 
nted in Rio de Jxneiro, July 16-23, in coiljunction Fcith the 

an xuclear Energ-  Exposition and shown simulhneously with 
Inter- American Symposium on the P e a f u l  Applications 

t ( ,  l I F n : % a  
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Vienna. A three-panel display ikxtrat ing the mpe ol ~ 

States agricultural research with radioisotopes was 
1960 General Conference of the IAEA in September, 

Lahore exhibit. The exhibit shown at  Cairo in M 

splay@ 2 
U$ 

aY was Qw 
Lahore, Pakistan, and displayed November 6-28. 

Over 30 displays Composed the exhibit, among w&h 
erating research and training reactor, a reactor sirnulab 
manipulators, a technical information center, and dem 
radioisotope use in medicine, industq, and agriculture. 

Pakistani and United States scientists conducted 
search programs at the reactor. Young scientists and 
s ip& by Pakistan received training in reactor installation and 

e cmNwve 

ation. % 

Sou8h American exhibit. A mobile exhibit that win trapel tQ 
South American countries opened N ~ m h e r  1 in Bue,, 
Argentina. Housing the exhibit was a duel envelope, portablqi 

Films were used to present the benefits and potential serriae 

ing research and training reactor manufactured by b b w  Q- 
craft Corp., a gamma facility designed by Brookhaven sat& 
Laboratory, and a reactor simulator. A technical information 
contained a complete unclassified library, a technical film libram e 
conference space. 

Scientists and students of Argentina were invited to conduct d- 
strations and experiments a t  the operating reactor and the 
facility. Lectures and seminars were held for scientists, e- 
physicians, and advanced technical students ; science demo- 
propams were performed for groups of high school studenk, 

After the exhibit closes at Buenos Aires on December 15, it si& 
a l lom in Rio de Janeiro in March 1961 ; in Lima, Peru in J d ~ ; m  
in Caracas, Venezuela in November. 

supported structure. 

nuclear energy. A technical area of the exhibit contained an ~~ =e 

- 

- 5  

Committee on  Effects of Radiatwn 
~ 

~ 

The United Nations Scientific Committee on Effects of 
Radiation held its Seventh Session at United Nations H d q  
New York, January 11-22, 1960. Dr. Shields Warren was 
States representative ; Dr. Austin Brues and Bferril Eisenba 

! 

i 
4 
1 
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Six United Nations agencies directly interested in the 

a& of the Seventh Session was devoted to a detailed con- 
three problems : the occurrence, distribution, and move- 

llout from nuclear weapons tests ; uptake of radioactive 
soil through the food cycle to man; and effects of low 

E r,di&iOn on individuals. A panel of experts from the World 
niCal Organization reported on the current state of knowl- 

hg to the transport and distribution in the atmosphere 
ctive debris from weapons tests. 
discussion of General Assembly Resolution 1376 XIV, re- 

committee, in conjunction with certain United Nations 
study arrangements for disseminating information and 

subpUpS were established, one dealing with physical data 
with biological information. They were given respon- 

for recommending proposals to implement the General 

lY &solution. As an interim measure, the Committee re- 
Secretariat to communicate to governments of the member 

fie Committee's need for certain specific information and 

subjects for discussion at  the Eighth Session of the Com- 

sent observers. 

19-30, in Geneva, were genetics, carbon 14, and dose 
Btions. 

ensing, Regulation and Indemnification 

LICENSING IN 1960 

Licenses 

60, permits mere issued authorizing construction of 5 power 
13 research reactors, and 2 critical experiment facilities. 

reactor, 10 research reactors and 2 critical experiment fa- 
were licensed to operate. Licenses also were issued authorizing 
of 3 research reactors (2 to Japan and 1 to Australia). Two 

filed applications for licenses to construct and operate de- 
1 power reactors. Applications also were fled requesting 
n to construct and operate 10 research reactors, 2 critical 

ent facilities and 1 production facility. 
hearings held in April and May, the hearing examiner 

14,1960 issued his intermediate decision authorizing the opera- 
he Vallecitos Boiling Water Reactor with internal modifica- 
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tions, new fuel and control rod arrangements, 
electrically driven coolant pumps, and amending the 
followed by the licensee in i n a h g  changes in the reactor or its 
tion. 
order denying exceptions filed by General Electric cos to f~,E 
mediate decision in regard to the procedure for operational or 
changes incorporated in the license. Subsequently tfle Corn 
agreed to reconsider the memorandum and order, and oral a 
on licensee’s petition for  reconsideration was heard on 0 
On November 2, the Commission issued a memorandm 
which directed the issuance of a license amendment into 
change procedure which had been jointly proprose 
staff and the licensee. Under the amended license, the lice 
freedom to make changes within the limits of the t 
tions, provided no unreviewed safety question is involve 
change involving unreviewed safety questions and 
t,echnical specifications must be referred to the 
Director, Division of Licensing and Regulation, 
changes if they present no significant new hazards ~0 

Otherwise, referral to the Advisory Committee on 
and scheduling of a public hearing is required. 

As was reported last year, the Commission issued its opirlior 
final decision in the Power Reactor Development Co. ( pR~r )*  
involving construction of the Enrico Fermi reactor llear co 
Mich., on Nay 26, 1959; in July 1959, the intervenors in tile 
( Int  ernstional Union of Electrical, Radio, and Machine 
A4FL-CI0 ; United Automobile, Aircraft and Agricultural 
ment Workers of America; and United Papermakers and 
workers) appealed the Commission’s decision to the United 
Court of Appeals for the District of Columbia Circuit. On J 
1960, a two-judge majority of a panel of the 
aside the Commission’s grant of a provisional 
to PRDC. 
en, bane were denied on July 25. 
in the United States Supreme Court by PRDC 
on August 12 and September 29, respectively. 
Court of Appeals has been staFed. On November 14, the Sup 
Court announced it would review the lower court‘s ruling. & 
vember IS, the Coniniission granted PICDC’s request for estefii 
the completion date specified in their construction permit. The 
mission order specified July 15, 1961 as the new completion date- 
ject to such order as may be entered in the case by the SI 
Court. 

both 

On -4ugust IS, the Commission isssued a 

The Government’s and PRDC’s petitions for reh 
Petitions for certiorari -se 

The judgmen 
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reactor license issued by the Commission, the third issued 
o&ed Pankee Atomic Electric Co. to operate its 

ter nuclear reactor at  Rowe, Mass. A Second 
ecision and Order dated July 9,1960, directed the issu- 

interim license authorizing operation of the Yankee re- 
ot in excess of 5 thermal megawatts, solely for 

fuel loading and low power testing. Pursuant 
ermediate Decision of July 19,1960, the limited license 

July 29 to authorize steady state operation at power 
exceed 110,000 ekw, subject to another hearing to be held 

at  such power level. On August 8,1960, Yankee 
tion to the Third Intermediate Decision with respect to 

rement that all proposed changes in the technical specifica- 
On August 18,1960 the Commis- 

xception and remanded the matter to the Hearing 
for further proceedings and appropriate decision with re- 

the scope of the technical specifications, and other relevant 
On November 15, 1960, Yankee filed a motion asking that 

be reconvened to conform the provisions of the license to 
espressed by the Commission in the Memorandum and Order 

.-ioVcrnber 2, 1960 in Docket KO. 50-18 (General Electric- 
Boiling Water Reactor). A hearing vas scheduled for 

!er 12,1960, convened on that date and recessed to December 13, 
t vas  reconvened. Proposed findings and conclusions have 

kee and the Staff, and a decision by the Hearing 

ilase aniendment dated June 2, 1960, Commonwealth Edison 
to operate Dresden nuclear power station at power 

to 1S0,OOO ekw, design capacity, but not in excess of, or at this 
Circuit. On Jure vel, without further order of the Commission. 

authorizing steady -state capacity operation was 
r 14, after a public hearing was held September 26-27. 

investigation of control-rod difficulties in the Dresden plant, 
ission, on November 23, 1960, granted a motion to  extend 

period within which the Cornmission might re- 
Third Intermediate Decision. When i t  became clear that the 
tioil T o d d  extend beyond December 16, the AEC staff moved 
!‘omniission further extend the reriew period until January 

was granted by the Commission on December 

amendment dated January 5, 1960, Westinghouse Elec- 
authorized to operate the Westinghouse Test Reactor 

’ at Power levels up to  60,000 thermal kilowatts ; operation had 

JAKUARY-DECEMBER 1 9 6 0 

blic hearing. 

lent Co. ( P R I ~ C I  

,ervenors in the 
tnd Machine I T  

reactor near 310~ 

e 
1 t o  the United 
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previously been limited to 20,000 thermal kilowatts. \IT 
subsequently reported an operating incident which 
3, involving partial destruction of a fuel element th 
and subsequent melting. By Comniission Order da 
inghouse was ordered not to load or start UP the reactor 
approval pending filing of a report by westinghous 
taken to prevent recurrence of the April operating incident* 

r‘ -+k 
8 u ~ -  

& 

mission amendment to the June 30 Order was issued July 25 
h g  partial loading with instrumented experiments. On spG - 

minimum coolant flow conditions, and also subject to fuel elemeh, h g  - 

operate the WTR modified high-pressure experimental loop, O fw 

7, PCTestinghouse was authorized to load, start up, and 
I V R  with a modified venting system subject 

~ 

Specified PoRer ~ 

spection procedures. Westinghouse also w f ~ s  authorized t - s 

Permits were issued authorizing construction of five deF% 
mental power reactors by: 

Saoton Nuclear Experimental Corp., on February 11 

pressurized water reactor a t  Saxton Station, near Altoona, 

1960, for construction of a 17,000 ekw vertical pressure tube hFr 
CaroZinas Virginia Nuclear Power Amociutes, Zm., on 

reactor at Parr, S.C. 
Northern States Power Co., on May 12,1960, for construction 

66,000 ekw Controlled Recirculation Boiling Reactor nm s 
Falls, S. Dak. 

75,000 ekw, high power density, single cycle, boiling water 
a t  Big Rock Point, Charlevoix County, Mich. 
estimated at 50,000 ekw.) 

a 50,000 ekw, direct cycle, internal circulation, boiling wa 
reactor at  the applicant’s Humboldt Bay Plant near Eu 
Prior to issuance of each permit, the application was rem 

the Commission’s Advisory Committee on Reactor S a f p  
was the subject of a public hearing before a Commission 
examiner. 

h i  application filed by PhiZadelphia Electric Co. for the 
construction and operation of a 40,000 ekw, helium-cooled, 
moderated, developmental power reactor a t  Peach Both 
County, Pennsylvania, has not yet been scheduled for p~blicfi 

The year’s licensing actions and hearings are summarized 
pendices 9 and 10, respectively. 

construction of a 5,000 ekw light water-rnoderated and ’ 9Go!b 

Consumers Power Co., on May 31, 1960, for construction af 

(Initial outp3 

Pacific Gas and EZect-1.c Go., on November 9, for construt 

IC 

k m  contract, al 
,fithieson Che 

~ c a t o r s  are : 
brojet-General CO 

Babcock 8: Wil 
mftelle Memorial 
mborundum Co., 
@rite Corp., Clert 
Parison Chemical 
Bigelhard Industri 
General Dynamics f 
General Electric Co 
3T B C Nuclear, Inc 
Tbe Nartin Co., Mi4 
9ational Lead CO, ,  

%clear Materials 
Kuclear nletais, In( 

lhthieson Cht 
W a n i a  Corning 
wmWhouse Elect 

h~ company, CC 

aafacturing fuel , 
wQuested a lieen:. 
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eriod January 1 through November 30, there were 190 
~r licenses issued autliorizing manipulation of reactor controls. 
**Or rnber 30, there were 538 operator licenses in effect. 

the P 

>f sore 

the period January 1 through November 30, 1960, there were 
@ licenses issued authorizing the possession and use of special 
@ material; as of November 30 there mere 356 special nuclear 
w licenses in effect. 

F i n  - 
f@* 
fi 

&1 t,flo previous years, four companies mere engaged during 1960 

sion of uranium hexafluoride obtained from Commission 
to firms needed for fabrication of fuel elements and for re- 
snd development. They were the Davison Chemical Co., 
a. ; Mallinckrodt Chemical Works, Hematite, 310. ; Nuclear 
a d  Equipment &rp., Apollo, Pa; and Spencer Chemical 

$Of No vember 30,1'7 concerns mere licensed to fabricate fuel ele- 
in their own facilities, for sale, for their own use, or for re- 

hpurposes. This is in addition to work performed under Corn- 
jon contract, which does not q u i r e  a license. One new licensee, 
g&ieson Chemical Co., mas added during 1960. The licensed 

~ t o r s  are : 
mjet4eneral Corp., San Ramon, Calif. 
5mbcock & Wilcox Co., Lynchburg, Va. 
w e  Nemorial Institute, Columbus, Ohio. 
armdurn Co., Niagara Falls, N.Y. 
zite Corp., Cleveland, Ohio. 
m n  Chemical Co., Erwin, Tenn. 
m r d  Industries, Inc., D. E. Nakepeace Div., Plainville, Mass. 
k m l  Dynamics Corp., General Atomic Div., San Diego, Calif. 
kml Electric Co., Atomic Power Equipment Dept., San Jose, Calif. 
16t C h'uclear, Inc., Attleboro, Mass. 
SXart in  Co., Middle River, hld. 
r'iwal Lead Co., Albany, N.Y. 
&?ear Materials and Equipment Corp., Apollo, Pa. 
kkar Metals, Inc., Concord, Mass. 

Uathieson Chemical Co., New Haven, Conn. 
" w i a  Corning Nuclear Corp., Hicksrille, N.Y. 
rmghouse Electric Corp., Blairsville, Pa., and Forest Hills, Pa. 

t company, Combustion Engineering, Inc., Windsor, Conn., is 
h i n g  fuel elements under contract with the Commission, but 
?Jested a license to authorize commercial fabrication. 

ip,T 
& City, Mo. 

b 

e- 
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The following companies continued to serve in their lice% 
it is  t;o redaim unirradiated eniiched uranium from scr 9 
in fuel fabrication and fuel material preparation : “I 

Davison Chemical Co., Erwin, Tenn. 
Engelhard Industries, Inc., Baker Platinum D~T., K;enyark, E. J. 
Mallinckrodt Chemical Works, Hematite, Mo. 
Nuclear Materials and Equipment Corp., Apollo, Pa. 
Spencer Chemical Co., Kansas City, 310. 

Licenses issued for the period Jaiiltarr 1 through K~~~~~ 
1960, including renewals, authorizing possession and use of I 

ed 1 
materials totaled 1,653. 
porters. As of November 30 there were 1,175 Source material ljt 
in effect (exclusive of export licenses). 

This figure includes 644 licenses iLq 

Byproduct Material (Radioisotopes) 

Nearly 7,000 by product licensing actions were taken during 
Details are reported in the section on Radioisotopes and pad, 
Development. 

Waste Disposal Licensing 

As of the end of 1960, there were nine organizations licensed t, 
duct commercial disposal services involving the disposal of ]OR 

ity, packaged radioactive waste at sea. No new organizatioE 
licensed during 1960, current waste disposal services licensees BE 

Crossroads Marine Disposal Corp., Boston, Mass. 
California Salvage Go., San Pedro, Calif. 
American Mail Line, Seattle, Wash. 
The Walker Trucking Co., New Britain, C)onn. 
Isotopes Specialties Co., Burbank, Calif. 
New England Tank Cleaning Co., ,Cambridge, Mass. 
Nuclear Engineering Co., Pleasanton, Calif. 
Coastwise Marine Disposal Co., Long Beach, Calif. 
Ocean Transport Co., San Francisco, Calif. 

In addition, eight organizations are authorized to dispose of 
own low-activity, packaged radioactive waste at  sea. They 5fe’ 

National Institutes of Health, Bethesda, Rld. 
U S .  Naval Radiological Defense LaboratorF, San Francisco, Cabif. 
Socony Nobile Oil Cb., Paulsboro, K.J. 
California Research Laboratory, Richmond, Calif. 

5 0 0 b C 2 0  
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dical Research Laboratory, Xew London, .Oonn. 
ildlife Service. Beaufort, K.C. 

of ~ ~ o r g i a ,  Sapelo Island, Ga. 
HRwaii, Honolulu. Hawaii. 

dnlents authorizing commercial waste disposal services 
a1 at  Gx-nmission-oTned sites near Oak Ridge, 

0 Falls, Idaho, were issued to Crossroads Marine 
dopes Specialties Co., and Ocean Transport Go. Ln 

dustrial Waste Disposal Gorp., Houston, Tex., and Nuclear- 
nste Disposal Gorp., Long Island, N.Y., were licensed 

e of service. The issuance of the license to Indus- 
Gorp. was appealed to the United States Court 

ifth Circuit on August 19,1960, by Harris County, 
ervenors in the licensing proceeding before the 

on, Radiological Services Co., Long Island, N.T., was 
pre-viously to receive prepackaged radioactive wastes for 
to Oak Ridge National Laboratory for land burial. 

W E M N I T Y  AND REGULATIONS 

d p y o t e c t i o n  a d  Idenmity 

'ro mlenbents to the Commission's financial protection and in- 
eT.1 * '[T Ra,ations in 10 CFR Part 140 became effective on May '7, 

p&d 140 applies to reactor projects subject to licensing by the 
slson. 

fist, effective amendment supersedes the original Part, 140. In 
e this amendment (a) adds a population factor to the formula 
m + ~  for computing amounts of hanc ia l  protection required 
-$zlttrger reactor projects; (6) provides fixed amounts of finan- 
- 5  sm&on, according to power level, for the smaller reactors; ( e )  

holder of a reactor construction permit desiring to possess 
_we special nuclear material at his reactor site for subsequent use 
5-xtor fuel to have financial protection in the amount of $1 million 

the materials license is issued (indemnification is provided such 
as of the date of issuance of the materials license) ; ( d )  clari- 

iomintion to be submitted by licensees relying on their o m  
zpt'es as financial protection ; and ( e )  incorporates procedures for 
-1Fmptioii of nonprofit educational institutions and Federal agen- 

t hm the financid protection requirement. In the latter two cab- 
*% Federal agencies are indemnified against all public liability, 
- EgiJnprofit educational institutions are protected for public liabil- 

Qcess of $250,000. Both cases, of course, are subject to the stat- 

- 
I- - 

. .  

. f- 
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utory limit of $500 million of indemaity protectioll 
l?Q til&* 

incident. -%* 

The second effective amendment to Par t  140 approves, as 
&lmcial protection, the Nuclear Energy Liability policy :' 
Form) currently offered by the stock and mutual insurance s~ 
Nuclear Energy Liability Insurance Association and Mutual 
Energy Liability Underwriters, respectively. 

I n  addition to the two effective amendments, two prop 
of Commission licensee indemnification agreements were 

forms are revisions of one proposed in August 1958 and repuC 
May 1,1959. Further opportur ; t~ for  Cmment regarding tiie ~~ 

indemnity agreements was considered appropriate b e m u  of 
importance and rthe significance of change made in the fom 

Prior to publishing the effective r e ~ s i o n  of Part 140, the c~r, 
sion met in January 1960 with representatives of th 
d u s t q  mho proposed, among other things, a financial prohtioQ {- 

effective Part  140, the Commission requested comments rep*+ 
the proposal of the insurance industry and stated the c0-7 
intention to re-evaluate, no later than the end of 1'360, the fin- 
protection provisions of Par t  140. 

The Commission was completing a study on extension of 
Anderson indemnification to licensees possessing and using sub%- 
quantities of special nuclear material. 

During 1960, the Commission entered into interim indemnitr 
m a t s  covering operation of nuclear reactors by 2 private or- 
tions, 5 nonprofit educational institutions, and 1 Federal agenq. & 
additional 7 agreements protect holders of reactor construction p e z  
also licensed to possess and store special nuclear mabrial for ultkm 
use as reactor fuel when the Commission authorizes operation o f 3  

reactor. 

med fk 
I -  -+ in the FederaZ Register for public comment on April T ,  

inally published for comment. % 

e i"suranee; E- 
- 

m d a  differing from that adopted by the Commission. In  issu, a% 

.&3 

New RegzcZatim 

Ken- readations and major amendments to existing regula$= 
adopted by the Conmlission during 1960 were : 

10 CFR Part  2&-Sta;ndards for Protectim Against Radibh 
A coniprehensive amendment to Part 20, effective Januaq  

prescribes nunierical values and radiation exposure limits c o d  
both n-it11 the Radiation Protection Guides recommended by % 

4 fif ier nmendn 
Ep from Comniiss 

md use of lum 

d criteria for s 
mct ive  testing of 
mt 88s issued in  c( 

10 CFR Part  ; 



2xtension of Pri, 
Id using substan& 

m indemnity 
2 private organb 
ederal agenq. .k 
onstruction permiz 
.aterid for ultima 
ces operation of ts 

xisting regulnua 

!st Radiation 
re  JanuarF 1? 1% 
r e  limits consiaa 
nended by the R 

~- -= 

JAKUART-DECEMBER 1 9 6 0 235 

comciI, approved by the President on May 13, 1960, 
P~di’ t ‘ i~on~ponding values recommended by the Kational Com- 
6 j i ~ i  t’le ,diation Protection in R’ational Bureau of Standards 

. ()!I R 
.:!% 59 (revised) andG9. 

’,@k5 ,& ,mendent, also effective January 1, 1961, provides addi- 
ive methods of determining “calendar quarter ;’? m e n d s  ~ 31corl 

. ,snii* TR ’tion of “Restricted area” and “Unrestricted area ;” modifies 
j,tirl ,jI%aents J 

for posting of Form AEC-3, ‘Totice to Employees;” 
tration limit specifically applicable to uranium ore 

amendment, effective Febriiary 11, 1961, prohibits is- 
nsS  authorizing receipt of radioactive waste materials 

eBom for disposal on land not owned by the Federal or 

qfl Pnrt 30-LLcensing of Byproduct Materia2 
‘ @enbent ,  effective September 16, 1960, exempts from Com- 
Y . licensing requirements the possession and use of products con- 

residual amounts of byproduct material not exceeding 
Hon-ever, the person who introduces 

i- +I uct material into a product may do so only ns authorized under 
#-ific license. The products in which license-exempt concentra- 
glFO&j be introduced for quality control purposes include chem- 
3.p * Istics, petroleum products, and similar items where ingestion 

on is unlikely. 
er amendment to Part 30, effective January 12, 1961, ex- 

$ Commission regulatory control the possession, distribu- 
B use of luminous dial watches and clocks containing spec- 
2 small quantities of hydrogen 3 (tritium) as the luminescing 

additZion, an amendment, effective December 29,1960, established 
&d criteria for specific licenses for industrial radiography (non- 
eziive testing of materials to determine defects) . This amend- 
-r’m issued in conjunction with the adoption of the new regula- 

3 Part 31-Radiation Xafety Requirements f u p  Radiographic 
f*Erat iO?M 

+ s:d a new regulation, Part 31 becomes effective February 27, 
Q It establishes supplementary radiation safety standards for 

Using sealed sources of byproduct material for radiography 
‘‘d%i@ed to lessen the need for routine incorporation li- * of special provisions applicable to  radiographic operations. 

i0K concentrations. 

* 

z: 

10 CFR Part 31, described below. 

,, 
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10 CFR Part 40-ControZ of Source Mateyid 

receipt or possession of uranium contained in sircraft countep,, . 
installed in aircraft. 

10 CFR Part  5O-LiGeming of Produdtion and UtilkatiOn 

"testing facility" and incorporated provisions concerni 
the Advisory Committee on Reactor Safepards  and form1 h 
in power and testing reactor cases. 

the extent of work permitted or prohibited prior to issuance 
actor construction permit, and ( b )  add procedures and crite.is pf 

by, under certain circumstances, a provisional operating li*w 
be issued. 

These amendments are two of the three proposed rules 
in the Federal Register for public comment on F e b r u q  
The Commission has taken no action concerning the third 
which would revise the criteria for issuance of provisional 
permits. 

10 CFR Part 70-Special Nuclear Material 

tive February 25, 1960, requires the semiannual reporting br 1 
of the status of special nuclear material received, pcsses~d 
ferred. The second, effective January 12, 1961, prox-ides 
mission of reports of individual shipments and receipts of 
iiuclear material by licensees. 

Proposed AnMndments 

,4 proposed amendment to I O  CFR Part 20, h't~ndhd8 For 
tim Against Radiation, published in the Federal Register @E 

16, would establish design and packing criteria for contain 
for disposal into the sea of licensed low-level waste byproducE 
and special nuclear materials. 

,4 proposed overall revision of 10 CFR Part 40, ContTol 
Jjfatepiaz, was published in the FederaZ Register for public 
on September 7, 1960. The proposed revision contains, am 
things, procedures and criteria for the issuance of Specifit 

and sets forth certain general licenses and exemptions from 
requirements. 

An #amendment, effective July 8, 1960, exempts froln 

An amendment, effective March 7 ,  1960, added a definition 

Two additional amendments, effective October 10,1g 

Two amendments added reporting requirements. Th 

b 8 2 4  
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ed new rule, 10 CFR Part  F2, ReguZations To Protect 

~ ~ ~ ~ c g 8 n t n ~  Criticality and Radiation Exposure in XI+- 
+ ,diatsd Fuel Elements was published in the Federal Regis- 
jr, 1960. The proposal would establish criteria for irradi- 
lement cask design and shipping procedures; it applies to 

,osed 10 CFR Part  115, Procedures for Review of Certain 
Exempted From Licensing Requiremenfit+ was pub- 

he FDERAL REGISTER for public comment on December 2, 
regulations would implement Commission policy 

ia 1959 of providing for public hearings on safety aspects of 
omed power reactors not located at Commission-owned 

special nuclear (fissionable) material licensees. 

- -  

tbe first 11 months of the year, the Commission conducted 
e safety of licensee-and-Gorernment-o~ reactors. 

on, advisory service was provided regarding reactors planned 
ction in Yugoslavia, Argentina, Indonesia, Republic of the 

a, Turkey, Iran, Israel, Tunisia, Pakistan,= Colom- 

fie same period, the Advisory Committee on Reactor Safe- 
d 10 meetings to consider and report on reactor projects 
the Committee by the Commission. 

rs Eere issued to 143 holders of source, byproduct, and special 
ocation or modification of license, or 

that the licensee take specific actions to comply with G m -  
Rplations. These included 134 orders amending licenses to 
h t  licensees possessing cobalt 60 teletherapy units make 

sealed sources; and orders issued to 
Ellergy Waste Disposal Co., Dr. E. S. Gilifillen, Jr., Universitv 

Commission orders were contested by licensees as fo~~ows  : 
Wxr of Bou~ton Gamma: Ray Co., an order alleging willful 

as issued requiring the licensee to show cause why its 
heme should not be revoked. Following the filing of 

rehearing conference, a stipulation 

~ h ,  Specialty Steel Products Co., University of Pittsburgh c, 
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between the licensee and the staff was filed agreeing to 
hearing examiner revoking the outstanding license, denying a 
application for license renewal, and providing that the liWn 
1 year, could seek a new license upon showing its ability to full, 
ply with the Commission‘s regulations. 

I n  the Matter of Coastwise Mayine Disposal 00.) an order 
requiring the licensee to show cause why its license au 
posal of low-level radioactive wastes at  sea should not be 
Subsequent alleged violations of the license led to the is 
ther order suspending the company’s operations pending a he , r j  
December, the presiding officer issued an intermediate decision 
ing the license. 

In  the Matter of Sarnk Inspection CO., an order was isNed 
ing the company to conduct no further radiography Operatioas 
under specified conditions. After preliminary motions and 
hearing conference, the company stipulnted that the order 
be made effective by the presiding officer. 

Resolution of Pending Cases 

In the Matter of X-Ray Engineering 00.) an order 
violations of the Commission’s regulations and license 
issued rLquiring the licensee to show cause why its rad 
license should not be revoked. 
intermediate decision in July 1960, which ordered revocation of 

license. Exceptions were filed by the licensee. After reviewB€ 
submitted briefs, the Cornmission sustained the intermediate 
and directed that the company could file a new license app 
which woilld receive timely consideration contingent upon a 
stration that adequate provision for the public health and saf 
be provided and maintained in complete compliance with 
regulations, The applicant sought a stay of the order o 
until such an application for license could be filed. The 
denied the motion for stay. 

the operator of a uranium mill alleging the failure to conduct 9 

surveys to determine compliance with the regulatio 
in this cam was similar to  orders issued to other ~ m m i u m  
companies in 1959, which resulted from Commission inspcti 
revealed that, in general, the radiation survey p r o p a m  of 
were inadequate.) 
1959, a hearing TTCZS held in Denver, Colo. in AIay. The P 

The presiding officer deliv 

I n  the Matter of Nines Development, Inc., an order was is* 

Following a prehearing conference in 

s o o t i t i b  
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ediate decision ordered the licensee to institute a pro- 
uld assure that adequate surreys are made and other 

Exceptions were filed by the licensee in 

11 in the Matter of Advcrnce Industrial .;il-Ray Labors- 
delivered in January 1960, culminated proceedings in 

24 The decision permitted continuation of radiography 
but incorporated certain additional provisions in the 

on the status of compliance of the uranium mills 
's regulations was filed with the Joint Committee 

en. 
fs were submitted b r  both parties. 

iflClll&ng n monthly report of scheduled operations. 

pection, audit and appraisal programs affecting the Commis- 
ad its contractor operations were monitored during 1960 through 
-+dS and reviews of their adequacy. Generally, inspection 

p rovided management with program evaluations and with 
+mation necessary to  determine whether or not contractors, 
:6 and employees complied with the Atomic Energy Act of 1954 
dh appropriate rules and regulations of the Commission. Sev- 
.,lprements in the inspection systems provided responsible 

d th  performance evaluation data in both administrative and 
=-atic areas. 
- 2 ~  program of formal evaluation of the performance of opera- 
?des m s  initiated in September through a series of briefings of 
-wral manager. The evaluations were based largely on findings 
;established Commission inspection and appraisal programs. 
a a r y  appraisals of the overall performance of 44 major cost- 

mble contractors were prepared by the operations offices which 

responsibility for clay-to-dav inspection of liceiised materials 
Xctors -as transformed fro& the Division of Inspection to the 
organized Division of Compliance on June 13 and August 1, 

spectively. Responsibility for evaluating the adequacy of the 
inspection program remains in the Commission's Division of 
011. Policies and standards governing the reporting and in- 

$!ins 

- t r  

~ -' 

ff- 

a1 Report for 1959. 
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vestigation of all incidents ha-re h e n  deyelopecl: alld indel 
investigations of all serious incidents and indepIlclent 
of Commission operations have been carried out. 

Licensee Compliance 

Licensed Facilities 

Inspection of licensed nuclear facilities, and 
under construction permits, continued during 1960 
visits to sites of power and test reactors just 
Visits were made less frequently to facilities fou 
factory on previous inspections. 

No substantial licensee noncompliance With rules and 
were found. I n  a number of cases, inspection result4 in imp 
of operational safety through relatively minor change 
to equipment or procedures and organizations. 

The Commission assigned to its Division of Compliance 
bility for inspection of the N.S. ~Smmwu~h and of Poffer 
under the second-round invitations of the Power D~~~ 
Reactor Program, although these are Federal, not licensed, 

Licensed Materials 

act 

AS of July 1, 1959, a changeover was made to establish 
system for scheduling inspections to assure adequate rerieff 
operations which experience showed were potentially the m m  
ous. The licenses in the highest priority constitu 
total and 23 percent of all inspections reported 
ing the year were in this group. Eight field offi 
this program (Albuquerque, Chicago, Hanf ord, 
Oak Ridge, San Francisco, and Savannah Riv 
inspect ions and 367 investigations and inquiries corn 
the year elided June 30,1960. The number of active licenses ir 
7 percent, during the fiscal year. 

from 39 to 59. 

noncompliance was not found. Formal reports are not 
these cases, but form notices are issued to the licensees an 
files of information are maintained. 

Professional personnel for this work in fie1 

The Commission has streamlined reporting of inspecti@* 

5 0 0 b 8 2 8  
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Contract Practices 

lerRl procurement Regulations System has been established 
ffikd&istrator, General Services Administration, under the 

* erty and Administrative Services Act of 1949 to elimi- 
inconsistencies between procurement policies and pro- 

Federal Government agencies, and to help make the agen- 
ent regulations more readily available to the public and 
rsentatives. The system consists of the Federal Pro- 

PR) which are for Government-wide ap- 
cies and procedures of w h  Federal agency 

ti tub implementation, supplementation or, in some cases, 
eviations from the Federal Procurement 

ission is integrating into the Federal Procurement R e p -  
rement and contracting policies and pro- 
or construction and related enginwring 

fore set forth in VoZuilne 9U~--Contraci$ng of the AEC 
ey mill be designated Atomic Energy Commission Pro- 
gulations ( AECPR) . 

ent has been reached with the Administrator of General 
nth respect to the relationship of Federal Procurement 

issued under the Federal Property and Administrative 
Act, and the specific authority to negotiate contracts granted 

Energy Act of 1954, as amended. 
e principle that authority delegated to 
strator of General Services to negotiate 

under t.he Federal Property and Administrative Services 
Federal Procurement Regulations pertaining to such au- 

in addition to and not a limitation or restriction upon the 
's statutory authority to negotiate contracts under the 
rgy Act of 1954, as amended. With this understanding, 

e of the objective of establishing mi- 
procedures throughout the Govern - 
rocurement Regulations in all arms 

' b e  in which the special nature of its programs requires 

era1 Procurement Regulations (FPR ) and the &tomic 
t Regulation (AECPR), is being 

in the Federat Reg&ter. An annual accumulation of both 
Wlations will be published under Title 41-Public Contracts 

meet unique situations. 
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Cost Princip Zes 

reimbursable contracts were revised and issued as a 
The Commission‘s cost principles goJ-erning PaSmellts 

ul,d,, 
Cl ;f..t lapt,, , of the AEC Manual eft’ective March 22, 1960. Chapter L#ll 

tract Forms and Provisions, was also revised and issued e 
April 8, 1960, to provide standard contract language reawcti 
cost principles. These two chapters were integrated illto tile 
Procurement Regulations System as Atomic Energy cOQi 
curement Regulations 0-15.50 and 9-7-50, respectively, 
published in the Federal Register, v01. 25, No. 180, T 
tember 15,1960. 

X d Z  Business 
. .  

The Commission’s small business program ernpha&,, 
practioable small business participation in  the subcontra 
Commission’s prime contractors. I n  the fiscal year that 
30, 1960, small business’ share of Commission subcontrw 
to 42.1 percent or $263 million out of $624 million tots 
awards, as compared with 41.6 percent for fiscal year 1959 

r r i  - A  1 <nr-  +nnn 

t Classification ar-- - ~w-~uuruLULIuU 

A new “Classification Policy Guide” was made effective br 
mission in January 1960. It incorporates simplified broad 
of policy on classification of various phases of the atomic e 
a *ram agreed upon betn-een the United States, the United 
and Canada. This new guide, like previous guides, was PR 

line Kith tlie Commission’s practice of continuously revie 
classification guides in view of tlie rapid pace of scienti 
and the wide scope of declassification activity. 

Entire areas of inf o m t i o n ,  previously classified in K 

part, were released from classification restrictions. The 
tion Guide for Use in the Civilian Application Program! 
ample, was greatly expanded and revised. I ts  list of 11111‘ 

reactors and critical experiments now includes 86 Co 
Government-owned plants and 129 reactors om-ned priratck 
country or built for other nations-an increase of 19 C ~ E  
reactors and 37 other reactors since June 1958. Anot1mcs 
the Guide’s effects was the declassification of the entire 
neering division of the Argonne Xational Laboratory diL 
3 0  



asizes r n b m  
contracts of 
that ended 

mntracts i n c m  
total su‘l>contm 
lr 1959 and t . f ~  

chemical engineering activity pertaining to nuclear 
TlIis step required review of 3,665 documents, of rrhich 

Ai!’ J’s Guide also permitted a reduction of the areas covered by 
fjt‘ ified 9ccess Permit Program. The number of classified $4 

L= . *as reduced from 37 to 2-‘%uclear Technology’’ and 
,r1e5 

a??+ ~ 

-Ptp -liitn Application Program was reviewed again. Of 4,961 
Orkudied, nearly half were declassified and the remainder, by 
& e of subject matter, were placed in the two classified categories. 

dn ~ o ~ s s i o n ’ s  review of classification policy included the 
field and has resulted in adoption of a revised Atomic 

* p s  Classification Guide which better defines classification guid- 
d permits declassification of some additional information. 
omission conducts a continuous review of the local classifica- 

sktssification programs in Commission and contractor or- 
ions to insure that its policies with respect to release of the 

mount of information are effectively carried out and to 
and strengthen the programs where possible. The appraisal 

through its first cycle and has demonstrated that classi- 
k, in general, being applied correctly and only where it is 
and that information is being reviewed and dec lwif id  

[,,-j~ every 

i) o(lo were declassified. T * 

fliuJn production.” The entire body of classified documents in 

- 

ion is no longer warranted. I n  this latter 
ed effort is being made in releasing informa- 

Information 
mIBITS AND EDUCATIONAL INFORMATION 

the Commission established its traveling exhibits program Ei 
the exhibits have been viewed by 31,923,182 persons in the 

hown under nonprofit sponsorship, the 27 manned 
were viewed by 8,873,837 persons in 48 States 

large, unmanned package exhibits titled 
of Atomic Energy,’? Kere withdraKn from tour in June 

s h e  195’1. All were redesigned and reconstructed, retitled 
eturned to tour in time for the fa11 county 

mted during the reporting period mere the six manned 
ts used to demonstrate the basic principles 
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of atomic e n e r u  before secondary school atsselnblies and scirnp{, 
The refurbished units were Used in progrms a t  pII1111IIpr "h 

('it r, i tIie S1n0Iiv J~ountains area before shrti11g the P C ~ ~ O ~ I - ~ ~ : , ~  ,,,; 
September. 

IXawa,ii received its first tmreling ,ztoinic energ1 esl l j~~i t  i 
extensive tour of "The Useful Atom" under the spoI1sorql . "I' t.f Library of Hawaii. One of three p c k a g e  units clesinr red cifically for library and school displny, "The Useful 

~ ~ ~ ~ : ,  
scheduled for  showings in 11 diff ereiit libraries on the tllrcLe 
islands. 

The Commission's two large manned "YOU and the Atorn?- 
e& which feature lecture demonstrations 011 fission principles 

3 nQ 
equip& power, radioisotopes applicat.ions, and remote 11andlillg 

POPuirt continued in heavy deniand at  State fairs and in large 
centers. Fire  manned ",4toms atJ Work" mobile units, cantah 
scaled-down versions of the larger exhibits and mount4 in pr 
through self-propelled vans, continued their tour of smaller u 
inunities under schedules sponsored jointly by the National cQiTet 
Extension Association and the united States Junior ChatR 
Commerce. 

I n  1960, the Commission's American Museum of Atomic E ~ , ~ ~  
Oak Ridge, b Tenn., had a record attendance of 95,707 Yisitors, L . 
the attendance total during its 12 years of operation to 933,;;t;c; ,. 
from all of the States and from foreign countries. The &lur;eIrm 
traveling exhibits program are administered for the CommisiR 
the Oak Itidge Institute of Suclear Studies. 

Information Exhibits 

"Sucle-nr Information for Science and Industry," a manned e$ 
featuring Commission technical inf ormntion inat erials and sp.e17: 

\vas presented a t  the ,4toinic Exposition, New Tork, in A4pril, a= 
tlie 137estem Atomic Industry Fair, San Francisco, in December. 

The SN-4P-3, a radioisotope-fueled thermoelectric generator, 
demonst rated at, the 1960 Aerospace Medical Assocation meet& 
Iliami, M a r  6-12. aiicl at  tlie Topsfield Fair. Topsfield, RIass.. 
lpr &IO.  In tlie clenionstrations, the device was used to p ~ e :  
:tiiiateiur rriclio stat ion arid an apparat,iis to measure change? in i*  
beat and respiration during physical activity--n s imuld  'f 
applicat ion. 

I' 113: 

f: 

.L. f 

,!?'ducat io nul Literature 

Approximate~-j- 70,591 kits of atomic energy information l i t e s  
m r e  distributed during 1960 in response to requests from re' 

5 0 0 b 8 3 2  
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5 c ~ l ~ ~ 1 ,  and elementary scliool students, teachers, and guid- 

L-J''r' ,,elom; from adult study groups, teachers' institutes ancl 
x 

;iJ1iT . nlld froin tlie general public. 
, q i  .. 

FILMS 

, cr tjle reportillg period, the Commission% I O  domestic motioll 

dfl 
~ lelll for more than 68,000 showings viewed by an estimated 

t l  
,I!kH? persons. The film libraries and the geographical areas they 

& 81 
W t  * Nsimately 65 professional-level films were on loan from the figiolly~ liaison offices in London, Tokyo, Brussels, and Buenos 

nith French and Spanish versions of about 45 films available * 
*commission added 19 films to its motion picture libraries * 
F f  

p*'? tibrnl-ies, stocked with 160 popular and pi.ofessioiial-leve1 films, 

listed in ,4ppendix 7 .  

the latter two offices. 

cI tlte reporting period. Motion pictures added were : 

E:&~nd 
+mcAino~ OF Y L ~ O X I V M  DISKS, 13 minutes, black and white, 

by Los ,4lsmos Scientific Laboratory ; describes glove-box 
&in sl~nping toxic material. 
xmlss~ FAST SOURCE REACTOR, 9 minutes, color, produced by 
Ferle Sationid Laboratory ; describes the reactor's assembly and 
-fUlness in laboratory work. 
-- C o o m  REACTOR EXPERINENT, 39 minutes, color, produced 

1 Idaho Operations Office by Lookout Mountain Air Force 
for the Commission and US. Army Corps of Engineers; 

~ x s  design, derelopment, component fabrication, assembly, test- 
, s d  initial criticality. 
iam ~L~INTEKANCE OF M O L ~ N  SALT REACTORS, 20 minutes, 
-. - !rduced b_v Oak Ridge National Laboratory ; describes arrange- 
i of B mock-up fluid fuel reactor system and the remote use of 

- %  

zed equipment. 
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Isotopes Development ; describes the principles and techniques 
dustrial gaging, radiography and radioisotope tracing. 

Martin Nuclear for the Commission ; describes Operational 
smp-rrr isotopic power unit. 

GROUP SHELTER, 10 minutes, color, produced by Departm 
riculture Motion Picture Service for  the Commission ; descri 
underground shelter for protection of 100 persons, and 
nuclear effects tests a t  Nevada Test Site. 

TECHNICAL INFORNATION SERVICES OF THE AEC, 29 mh 
produced by the Department of Agiculture Motion pictu 
for the Commission. 

sKAP-III : OPERATTONAL TESTS, 28 minutes, color 

Popular 

UNDER WAY, 20 minutes, color, produced by the U.S. 
Administration and the Commission ; describes design 
tion of the NS Savannah and its nuclear components 
features. 

LIVING WITH THE ATOM, 18 minutes, color, produ 
Information Agency. 
safety devices and procedures that protect workers at at0 
tions and communities. 

Air Force Station for Idaho Operations Office; describe 
of the Kational Reactor Testing Station and some of it 
other facilities. 

Explains in nontechnical terms the 

THE NEW POWER, 39 minutes, color, produced by Lookout 

TECHNICAL INFORMATION ACTIVITIES 

Technicd Journals 

Nuclear Science Abstracts 

During the past 12 years the annual number of abstractsp 
in "Nuclear Science Abstracts'' has increased from the W:! 
in 1948 to 26,000 in 1960. The steadily increasing ~ 0 1  
primarily to expanded atomic energy activities at honl 
programs of exchange with foreign scientific sources, 
translations. 

The Commission, in 1959, applied advanced machine P 
echniques to preparation of this journal so that each i ~ ~ e  

5 0 0 b  8 3 4  
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index. Curmdative indexes now are published within 

enw Abstracts;” and unclassified research and develop- 
ublished by the Commission are supplied to 706 organ- 
mtriss in return for monographs, research and devel- 

arts, and scientific journals from those sources. Publica- 
exchange are abstracted for “Nuclear Science Ab- 

made available through the Commission‘s depos ibv  
co&ssion-con t rac tors’ libraries, or by inter -library loan 
libray of the oak Ridge Institute of Nuclear Studies. The 

ived 350 exchange research and development reports 

JAKUARY-DECEMBER 1 9 6 0 

an several months later.25 

! 

.. 

Illat,ive indexes for the first 3 years of publication of the Corn- 
4@ quarterly Technical Progress Reviews were published during 

distributed as follows: September 1960 issue, “Power Re- 
~ 0 1 0 g - y  ;)’ October 1960 issue, “Reactor Fuel Processing;” 
@Ober 1960 issue, “Reactor Core Materials.” The first index 
rtclNr Safety” will be the index for Volumes I and 11, available 
,lune 1961 issue. A three-year cumulative index will appear in 

tme 1962 issue-Vol. 111, No. 4. “Nuclear Safety” entered its 
* rear of publication in September. 

Technical Sy rn p osia 

=+# the reporting period the Commission published 24 collec- 
nf papers presented at scientific and technical symposia, meet- 

so issued during the past year, a catalog listing 
bing proceedings of meetings of which the Commission or its 

sors or co-sponsors, or in which they were ma- 
s 29-page catalog, “Proceedings of Technical 

1050-1958’’ is available on request to Office of Teclmical 
States Atomic Energy Commission, 

blished by the United States Atomic Energy corn- 
t of the five technical periodicals publish& by f ie  

ar Science Abstracts” and four quarterly Technical Progress Reviews : 
Technology,” “Reactor Core Naterials,” “Reactor Fuel Processing,” and 
“ Copies of the brochure are available on request from Office of Technical 
ension, USAEC, P.O. BOX 62, Oak Ridge, Tenn. 

$2 8 year ; foreign, $2.50 a year), or by individual 
nts, U.S. Government Printing Osee, Washington 
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Technical Books 

As the year ended, five T~O~WIWS were in Press : ‘‘Met8 
rication of Fuel Elements,” “Rare Earth Alloys,” and 
book,” (2nd ed.) , Pol. 2) Fmz Reprocessing, TrOl, 
Shielding, and Pol. 4, Engineering. 

Contracts were awarded for rel-jsiilg and updatillg sa 
tone’s “Principles of Kuclear Beact or Engineering ;’; for 
5 plutonium handbook, a sourcebook and a one-volme en 
on atomic energy in the life sciences; for writing a t e a  
technology, and for  preparing a summary of special topics in 
magnetic radiation. 
was undertaken in cooperation with the Department of &fen%‘- 
rangements also were made for  the preI)nation and llublicat,tion Tif; 

planned third edition of the “Reactor Handbook.” 

A revision of the “Effects of K-uclear 

Distribution of Reports 

A total of 4,400 copies of classified reports mere sold du&$ 
to those authorized to receive them, and 150,085 unclassified 
were sold to the public. A total of 5?3% new unclassified rep-,&* 
placed on public sale through the Office of Technical Servim- f- 
Department, of Commerce, Wasliington 25, D.C. 

e 

Engineering Materials 

During 1960, the Commission signed a contract with Coop-Ts  
Blueprint and AIicrofilni Corp. of Arlington, Va., for that firm K S  

full-size blueline prints of engineering materials pertaining te = 
at80mic energy program to industrial concerns, U.S. Gorerz= 
organizations and their contractors, and to the general public. R=.= 
are 17 cents per square foot with substantial discounts for q - s  
orders. This service previously was provided from the @E@ 
Technical Information Extension, Oak Ridge, Tenn. 



sold during I@ 
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,,(,,,1 ractor 27 d l  prepare prints of drawings: specifications, 
bills of materials as announced in ‘%ngineering 

d= -&L , 1.- 1,IS . t , 19 (TID-4100) 2s and supplements, from reproducibles 
p P  

&*:I 1 )h s, 

sz s t p w ‘  ,.d Commission. 
,$St - 

-: * 

Depository Libraries 

, (r 1960, a new depository collection of unclassified Commissioii 
at the Inter- American Nuclear Energy Com- pr& - %‘as 

,;!on? 
F-= . tion of American States. This brought to 85 the total de- 
**nlZa -- lik,rarie~ in the United States. Establishment of a depository 

for the Euratom Research Center a t  Ispra, Italy (near Milan) 
T’the total in other countries to 85. (See Appendix 6 for 

e?!!‘ Pan Amerimn Union, ’Washington, D.C., for use by the 

z .  

Translations 
d s i o n  continued to expand its translation program dur- 

,-the reporting period. Over lialf of more than 600 translations - cd in ‘‘Nuclear Science Abstracts” in the course of the year *Ian 
~ prodllced under cornmissio~i sponsorship. These include 20 
s+edphs on subjects such as “The Chemistry of F’luorine and I t s  

flu&:!, “Magnetic Emission of High Temperature Plasma”, 
xalems of Dynamic Theory in Statistical Physics”, “Toxicology 
-&ferns of Radioactive hfaterials”, and “Research in the Field of 
Eklptv of Ionizing Radiation.” 
r i  Commission also participated in the translation program under 
-4jc * L a r  480, section (k), which authorizes use for this purpose 

~ $reign 1- currencies accruing to the United States from sale of sur- 
sgricultural commodities. Under this program, vhich is coor- 
~d by the National Science Foundation, translations of the 
~ i a n  “Journal of Inorganic Chemistry”, vol. 2, 1957, and the 
~ 4 u i  “Advances in Physical Sciences”, vol. 61, 62, and 63 (1957) 
~mmade in Israel. I n  Poland, translations were made of original 
!i articles appearing in “Kucleonics?’, vol. 2, 1957, vol. 3, 1958. 

ough emphasis was on publications from the Soviet Union, 
-arse, Hungarian, and Serbo-Croatian publications also were 
-,xteclxncl macle aniIab1e. 

m o  

e. 

- -. 
&;EiriirieS concerning prices for this reproduction serrice should be addressed to Cooper- 

“ElWPrint and Nicrofilm Corp., 2701 Wilson Blvd., Arlington 1, Va. : queries regard- 
~ ~ p ~ l ~  not announced in “Engineering Materials List,” (TID-4100), and its supple- - h u l d  be addresaed to Office of Technical Information Extension, USAEC, P.O. Box 

’ atdo& “Engineering Naterinls List,” (TID-4100, rev.) ,  and periodic loose-leaf sup- 
Ridge, Tenn. 

-+*% “ - 3  arauable on request, Office of Technical Information Extension, USAEC, P.O. 
&& Ridge, Tenn. 
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All these translations are announced in “Nuclear Science A 
and placed on sale through the Office of Technical Serp’ 
partment of Commerce, Washington 25, D.C. 
obtained from the Library of Congress, Wash 
from the special Libraries Association Translation Pool maint, 
at the John Crerar Library, Chicago, 111. 

Education and Training 
The findings of the survey of employment in the atomic ener 
described in Part One of this report, indicate a continub 
for scientists, engineers, skilled Korkers, and technicians. 
is the general trend of American industry. 

The Commission during 1060 extended thr 
programs of assistance for nuclear education 
and medical institutions in the United States. 
grams originally mere scheduled to terminate o 

Other aspects of the Commission’s educatio 
grams are described in sections of this report dealing Fit 
isotope and Radiation Development, International Actiriti 
Health and Safety. 

Faculty Training 

Summer faculty training in radiation biology 
1960 through 8-week courses, 16 for high school teachers, 5 fo  
faculty, and 2 for high school and college faculties combin 
tendance of 347 high school and 113 college f 
1960 brought the total, since the beginning of the program k 
to 1,087 high school teachers niid 153 college teachers. 

I n  September, two in-service sessions for 20 high school 
each were inaugurated in the radiation biology institute 
These institutes consist of lectures and labor 
nights and Saturdays. 

Equipment Grants 

During 1960,180 nonprofit educational institutions request4 
of funds for equipment to be used in radiation life scienw 

8 3 8  

LIFE SCIENCES 

Assistance to Schools 



ling 

,ugh June 30, 19% 

s. Some of th- pb 
on June 30, 1961, 
onal and training ph+ 
r t  dealing with Badit, 
ational Activities? au 

n nonprofit educatiQQg :r 

y= ~ ~ 

=* 

JAXXJARY-DECEMBER 1960 251 

.*/ 0.f P r w r a m  
2.t 

rts from schools receiving grants show that approximately 83 
"'llave been expanded to include instruction in aspects of nuclear 

fly related to medicine, public health, agriculture, pharmacy, &Po 10 IY 
medicine, and general biology. Twelve of 117 institutions 

d"1p3~aboratories and/or general teaching facilities for use of 
smpd equipment and approximately 13 new faculty members have 
dt I' or assigned in the subsequent programs. Enrollment in 
&a relating to radiation biology during the academic year 1959- 
. 

g In by 400 or 25 percent. 

Fellowships 

Four physicians were awarded fellowships for graduate training 
I ;,dllstrial medicine for the academic year 1960-61. Three addi- 
-Tnzll fellovs were awarded a second year of training. The fellows 

at the medical schools of Pittsburgh, Yale, Rochester and Har- 
L-ni\-ersities. 

fellowships have been awarded in this program since 1950. 
Fire industkzl hygiene fellowships were awarded for the academic 
+- .. 1960-61 bringing the total number of awards to fifty-four. 
Tiere are 62 health physics fellows for the coming academic year 

+~-61. Thirteen of last pear's fellows are continuing graduate +. More than 500 fellows have received this specialized graduate 
2iing since 1950 at one of the universities mid one of the Commis- 
: laboratories now cooperating in the program : Vanderbilt, Puerto 
--Y Eochester, Harvard, h.Iichigan, Kansas, IVashington (Seattle) , 

-* iornia (Berkeley), together with Oak Ridge, Brookhaven and 
nile National Laboratories, General Electric Co. (Hanford, 
-1, Sational Reactor Testing Station (Idaho), and E. 0. LaF- 

~2 Radiation Laboratory, University of California (Berkeley and 
-pmore, Calif.). 

ProFarn for advanced training in heaZth physics, to equip 
qrienced health physicists for senior positions, was begun in aca- 
7$c Year 1959-60, with five graduate fellows. One obtained his 

_ . I '  

" 
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doctorate from the University of hlictiigan and felloj~sllip 
Iiai-e been granted to the other four. Five new fellows Rill f'rnkk 

training in the academic Fear 1960-61. 

Oak Ridge Institute of Kuclear Studies. 

*& 

c t& 
The fellowship program is administered for  the Colnmission l,p . I  

PHYSICAL AND ENGINEERING SCIENCES 

For  five consecutive years summer institutes have been COndu 

under the joint sponsorship of the Commission and th 
Society for Engineering Education to provide OppOrt~ities for 

~ ulty members to learn the latest developments in nuclear and -= 

related technology. In 1960,97 faculty members attended 6 h i t u <  
3 in basic nuclear technology-at North Carolina State College 
Oak Ridge National Laboratmy, at Pennsylvania State Uni, 
with Argonne National Laboratory and at  Purdue University 
Argonne National Laboratory ; intermediate reactor physics at 5 
Carolina State College ; specialized nuclear studies at Argome 
tional Laboratory; and radiation effects at University of hlic 
Since inception of the program a total of 581 enrollees have 
sented 154 institutions in 28 summer institutes. 

nuel@ 

i 

Temporary Appointments at Laboratories 

During the year, approximately 94 faculty and 197 graduate 
undergraduate students were given temporary appointments at, 
gonne National Laboratory for periods of from 3 months to 1 r 
At Oak Ridge National Laboratory there were 70 faculty partici 
in the summer of 1960. A similar program is carried on at B 
haven National Lab oratory . 

Fe ZZozoships 

-4 total of 1i'i graduate fello\rships in nuclear science and engin 
ing were in effect for the 1960-1961 academic year, bringing to 
the total fellomhips since the program began in 1957. 

Equipment Grants and Naterials Loam 

I n  1960, the Commission made grants totaling $1 million 
unirersities and colleges for  purchase of specialized nuclear qE 

In 1960, the Corn 

kh research react0 
alber of universiti, 
e Conimissioll assis 
dim1 ins tit u ti ons 
brer vi-ithout charge 
arrices without c 
stron sources and 
Tied out in C O O ~ C  

,ich provides grant 
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water and 

IN 
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einblies, pulsed neutron generators, reactor 

n,ld instruments for radiation detection, monitoring, and 
TI1e Coinmission also approved loans to 74 schools, 
arge, of neutron sources, nntnral uraiiium reject 

enriched uranium for nuclear inst ructional purposes. Since 
\vas initiated in 1956, a total of $13.78 niillion has been 

to 167 institutions and nuclear materials nlued at $11.14 
been loaned or authorized for loan to 154 institutions. 

16, 1960, announcement extending the 
am, the Commission no longer will pro- 

hing reactors (grants were awarded for 

f the training equipment grant, program 
ishing equipment for me in the education 

neering specialists to furnishing equipment needed for 
education in colleges of arts and sciences as well as 

j, ,,,2ctors during the period 1956-58). 

ty Research Reactor Assistance 

agreed to lend enriched uraiiium and 
pay fuel fabrication costs for the Georgia 

mudl reactor noiv under construction, bringing to nine the 
Tr of universities assisted in this manner. Under this program 

sts reactor projects at  nonprofit educational and 
institutions by loaning special nuclear material and heavy 

ithout charge for use and normal loss, arid by proTiding funds 
ces vithout clmrge for the fabrication of fuel elements and 
sources and reprocessing of fuel after use. The program is 
out in cooperation with the National Science Foundation 

s toward the construction of university research 

INDUSTRIAL PROGRAMS 

Contractors Training Programs 

training and  education requirements a t  Commissioliect-o\yned 
ents-as in industry generally-are ctet ermined largely by 

ping up with a changing technology by expansion of em- 

' recruitmelit and training of new persollllel and upgradillg 
% of employees to meet shifting requirements. 
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Third, adequately trained replacements for mark for 
Turnover is relatirely low at Commission-owned estabI 
however, those learing Commission employment do 

sl vate atomic energy activities. 
The training programs reported in this section, based on 

during 1959 of Government-owned plants operated bv conth 
z cost reimbursable basis for the Commission, assist"bth 
and non-employees. Training of employees is autho 
training is directly related to the operations of the contracto,, 
employees' training is authorized to  assist in the Commbiorl. 
of helping to develop a pool of trained personnel for the futur, at 
energy industry. 

Training Contractor Employees 

The following tabulation estimates the number of emplo 
training during 1959 through diff erent systems, not 
specialized training in radiation safety which is required 
degrees for all employees : 

iSy8tem 

Tuition Assistant Plans _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -___ ------- _ _ _ _ _ _ _ _ _  
Undergraduate Level Training Courses ___--________ -------____ 
Selected Vocational Level Training Activities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____ 
Graduate Level Courses Given on Site -____-____________________ 
Graduate Level Special Outside Training Courses_-_-------- 
Combined TTorlc-Study Graduate Plans _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Professional Research, Advanced Study and/or Teaching Leare,_- 

Tuition assistance pZans. The tuition assistance plan is 
educational levels. I n  general, the scientific and engineering SB 
are covered, although the plans may be extended as pa 
improvement and upgrading programs. All school work under 
plans is on the employee's o m  time, usually off hours, 
without pay is sometimes granted. 

Vocatio72c~Z level training. The added nuclear specialties requimi 
the vocational level are frequently interwoven in basic craft skill :a 
ing. &4pprentice programs and related skill development for m* 
and technicians are general throughout Commission installations 
Department of Labor has estimated that current apprentice p m  
throughout all industry are adequate to meet not more than f i g ?  
cent of the need for skilled workers. Sccordingly, Comrnissiof; 
tractors, like other industrial operators, have established a 

b 8 U  

Coopera tire Educati 
Suamer Employmc 

Contractors-----_ 
Formal Research am 
bY AEC Contract 

Training of Employ1 

Total - --_-___-__ 

500 
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. programs of which a portion cover specialized nuclear 

,Tgdllate Jevel training. Relatively little undergraduate level 
is carried on directly by Commission contractors. 

rnurses are a part of programs to help upgrade tech- 
Assistance is provided chiefly 

. I  tGW1= 
* Tllis is essentially on-the-job training. 

-2 * 
2- 

a 

& * 
* .  

- /  &.jd 
*& #f ),, Drofessional positions. S F  

training. The greatest amount of training by contractors 
=* maduate level is on site and pointed to particular subjects 

Courses may be 
either during work hours or afterward. I f  during work time, 

_Is@ 
i dDloyee drams regular salary. If after hours, no pay is received 

klsted to the employee’s work assignment. &F 

F-’ in class. 
g E ~ n ~ l  J rear a number of contractor employees are sent to outside 
W J  a d  seminars of greater than 16 hours duration. The studies. 

3direc 
@ dy related to jobs and frequently cover subjects needed for 

mmams. The cost of this type of training includes salaries, aP dation, living expenses, tuitions, books, etc. 
+S)O ntractors have combined work and study graduate plans fB* 

n-hich young engineers and scientists with outstanding records ssr 
- a d er, maduate work are provided stipend or other assistance in 
Awts work while employed on Commission work. 

st /or advance study or teaching. This type of training activity, 
gmong Commission contractors, is designed to allow a fern 

dd -*G senior members of the professional staffs an opportunity to 
ed a period of time-not to exceed one year-in professional re- 
,-&advanced study or teaching. The objective is broad profes- 

development and stimulation of creative abilities. 

dmtor Training for  Others 

Re following tabulation shows categories and number of partici- 
~ b ;  in training programs for others not its oxn employees : 

Total N o .  of 
System participants 

140 

Contractors _________________________________________--_--_----- 178 

by BEC Contractors ________________________________________--- 632 

578 

Total -_______________________________________----_-----_----_- 1,528 

hoperatire Education Participation by AEC Contractors-______---- 
hmmer Employment Activities Among AEC Cost-Reimbursed 

f m a l  Research and Engineering Participation Actirities Carried on 

Raining of Employees of Other Organization by AEC Contractors-- 
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zt ive educational participation. Under these nLdnc 

Y -- *u.m 

scientists, and to assist universities in strengthening their prog 
nuclear courses by pro\-iding research opportunities. TI 
assignments ini-olre actual work on projects Within approved 
niission programs. Most participants are compensated like to ~*arious univers 
employees on similar assignments. e courses are bei 

dea r  power generfi 

This program either c - -  - 
part-time universit? attendance with part-time laboratoc- ifornia, Minnesota 
ments, or provides alternate periods of nniversity nttendance nit rem1 technical in: 
mission rescnrch. course materia 

__ - -  - radioisotope 
s been distril Trail? ing for other organiaations. Upon request of the C‘omi 

contractors provide opportunities for specialized work e q  
a t  Gorernment -owned facilities for : ( a )  scientific, engineerj 
other emploFees of private firms and institutions and of othcr ( 
ment agencies: ( b )  foreign nationals; and ( e )  fellom m 
Coniniissioii fellowship programs. Salaries are paid b~ the 5 

ing organization, and aclniinistrative costs are absorbed in 
opernt iiig f uncls. 

- 

*FaMications for sale br F 
-on 25, D.C., incluc 
- -am Personnel in T\’u 

Qf suclear Enerr r  R T  
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Assistance T o  Vocational Schools 

. cr the year, Stanford Eesearclr Institute completed under 3 
cts developmeiit of three 32-hour basic adult edu- 

COllrSes covering : ( a )  radiation safety training; (6)  training 
rkers in iiidustry ; niid ( e )  training for operating 

,intennnce personnel in nuclear power generating systems. The 
gi,tllte also drew up general plans for more advanced courses con- 

nith training needs. 
rent research to develop these courses, Stanford assessed the scope [n it- lamit~ide of training needs that now exist or that may be ;tn ‘3 ed to arise as a consequence of the development of nuclear power 
,nt1on systems ” and the increasing use of radioisotopes in industry. 

,,ffecti1Teness of the courses was tested in trial presentations con- 
zfd in adult vocational educational programs and the courses were 

thed to incorporate results of the trial presentations. Instruc- J- 
C. ,,,,ides were developed to cover nuclear energy and power plant 
5!i3tjons ; radiation safety and, nuclear fundamentals and rndio- 
;,,rw ,Dplications in industry.23 

~ 
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rBi for operating and iiiaiiiten:~nce personnel in nuclear 
rlr pneration systems was distributed to Directors of Vocational 
: -,tion of the 50 States, to all iitility companies interested in 
:?fir power generation, to companies interested in production of 

-. IM1pnts of riuclear power generation systems, to the labor unions 
‘Ki l l  represent employees of nuclear power generation stations, 

TW .-’ courses are being offered in day or night vocational classes in 
i m i n ,  ?rIiiinesota, Wisconsin, New York, and Pennsylvania, and 

ricr:d technical institutes. 
79 course material for radiation training for industrial workers 
. for radioisotope workers in industry-received in September 
.-has been distributed to the Director’s of Vocational Education 

rsrious universities and teclinical institutes. 

tinnr f o r  sale b.r Superintendent of Documents, U.S. Government Printing OfBce, 
in 25, D.C., include : “Development of Training Programs for Operating and 

--:an@ Personnel in K;uclear Power Generatinr Systems,” $0.75 : “Instructor’s Guide : 
Suclenr Energy and Power Plant Applications,” $0.75 ; “Trial Presentations of 
E n w y  Traininar Course in TWO Adult Vocational Education Programs,” $1.00 ; 

:ion for ITuclenr EnergF Training in a Trade Union,” $0.75 : “Development of a 
&fetr Training Program for Industrial and Public Service Personnel.” $1.00 ; 

or‘s Guide : Radiation Safety,” $0.75 ; “Radiation Safety Training in a Naval 
--2&” $0.35 ; “Derelopment of a Training Program fo r  Radioisotope Workerg in 

- $0.75 : “Instructor’s Guide : Surrey of Kuclear Fundamentals and Radioisotope 
I I ~  In I~dustr~- ,”  $0.75. 

I 
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of the 50 States and to approximately 250 industrial 
terested in atomic energy. Co”Pa*,i, ~ L 

- 

Public Safety Courses 

To expand and integrate mclear enera’ training Courses frJr 

and the Office of Education have jointly consulted with th 
Professional Curriculum kfaterids Committee for Trade and ~~~ 

trial Education, for State Directors of Vocational EducatjorL ~ 

four trainers of firemen. Acting as a worhng committee, tllif ,.,” 
reviewed course material in use and recommended &veloptrr 3 

the material. 

1 5  men into vocational education systems of the States, the comphiL * a i  

@. xab2a * 

C& courses for vocational schools and methods for encouraghg 

orientation course for all firemen, and a 12-to-15-hour basic coub = 

firemen selected because of their specific assignments, rsq % _  e 

6 - 
The committee proposed development of a ~ 

.E&a 

Stanford Research Institute “ Ins t ruc t~r~s  Guide : Radiation Sa 
and other material, the two courses recommended by the 
are being prepared for distribution early in 1961 to the 50 state 
to larger cities and fireman organizations that operate 
of State vocational training systems. 

Assistance Program, replaces the earlier training program for rme 
safety personnel carried out directly by the Commission. 

To date, over 2,000 public safety instructors from State and 
ipa1 organizations across the country have attended Commi 
courses. Sampling inquiries indicate that thousands of firemen e 
police hare attended classes conducted by these instructors. 

dustry, fire protection engineers, safety engineers, personnel 0 

Federal agencies, and others with an interest in obtaining a ]a 
understanding of the relationship of the radiation problem tb &E 

specific field of interest. 
Two publications growing out of this work have been pla&a 

sale at the Superintendent of Documents, U.S. Governiiient P 
Office, l17ashin@on 25, D.C. More than 17,000 copies hare 
of “Liring JlYith Eaciintion‘’ Part I, Fundamentals ($0.45)* 8 ’k 

p~~blicntion for l a p e n .  ‘;Li&g TTith Radiation?’ Part TI. F -  
Service Problenis ($l .OO),  was published just before the end e:’- 
year. 

“Living TVith Radiation!’ Part  I is being made into a motim F 
ture for distribution through the Commission’s film libraries iw‘ 
formation Section of this report). 

e 

This training, an integral pad  of the Commission’s Radjol- 
5- 

I n  addition, seminars hare been conducted for executire & 

5 0 0 b e 4 b 
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Health and Safety 

,leted most of the preliminaries, in cooperation with States 
. te-&ed organizations to assist States that wish to share in ;@a€ - 

-4 I* ',l,tion and enforcement of radiation safety. 
9: - .$e d requests from 8 States for comments on proposed State 
F-jgrjon or regulations, and held discussions with 4 States in- 

Sded - A- 
in assuming regulatory responsibility. 

thued and expanded academic and on-the-job training for State 
;dl &ials and orientation of local employees who might have to deal 
nth ~dist ion hazards. 

selonded to 60 requests for radiological assistance in suspected 
j i a t ion  incidents, and broadened its capability for meeting re- 

A map has been published establishing service points for 
& p p  h i d  are as. 

?,+md F the radiation protection guides established by the Presi- 
011 the basis of Federal Radiation Council reconmendations and 

1 demined their impact on Commission and licensee operations, 

ducted an annual surrey of industrial exposures to radiation in 
mission installations, broadened to include 12,000 additional 

P - ~ Q I Y  with results that showed the number of people exposed to 
:TTS than 5 rems during 1959 was 60 percent below the number ex- 
-XI to this aniount in 1958. 
- .  

.> report includes a table listing radiation incidents during the 
I'renrs beginning July 1, 1958, and extending through June 30, 
. z both Commission illstallations and in licensed operations. 

2 prime function of the Commission's Office of Health and Safety, 
G h e d  September 12,1959, is to accomplish continuous review and 
-2:ion of health and safety programs within Commission's f a d -  
*-ad to assist in developing appropriate health and safety policies, 
3 and criteria. 

w46872-61-18 ,- 
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Immediate responsibilitry for health and safety in the 
Commission facilities lies with the operator, generally 
who must maintain a staff of Competelit, professional b d  
and safety specialists. This staff has the first respo 
ticipating and solving health and safety problems, 

Responsibility for contractor performance lies wit 
Office Manager. 
administrator to determine that prescribed standards and poli 
being followed. 

headquarters staff on the basis Of periodic visits, routine and 
reports, and other exchanges of information. 

This triple surveillance of saf ety and health Protection 
within Commission contract activities has helped to mai 
Commission’s health and safety record as one of tile ha 
country. 

Commission submissions for Hearings on Radiation p 
Standards and Criteria: Their Basis and Use, held in &fay 
by the Special Subcommittee on R,adiation of the Joint 
Atomic Energy of the Congress, included several appe 
with the application of radiation protection standards 
duction plants, and a report on the economics of radiation 
for reactors. 

His staff provides the data used by 

Staff evaluations of the overall p ropam are made b 

PUBLIC REPORTING ON RADIOACTIVITY 

I n  view of increased public interest in levels of radiation 
the Commission has undertaken to publish periodica 
niation on environmental radioactivity resulting from Corn; 
operations. 
quarterly from all Commission installations where radi 
reaches the environs in amounts sufficient to justify 
monitoring or surveys. In the past, data of this kind usu 
been made available on request. 

operating tl Commission installation prepares, on a quarterly 
s~iniiiiaq- report of all available data on em-ironmental levels of 
activity resulting from the operations of the particular iim 
TTith the first quarterly report each year, t,he contract 
samnmries of data for the preceding calendar year. 

rii&pal public health officials, and to the US. Public 

Beginning July 1, environmental data Fere R 

Under the Commission’s new arrangements, each p 

These reports are distributed to local news media, to State@’ 

S O O b F 4 8  
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FEDERAL RADIATION COOPERATION 

between the Federal Government and the States in 
=F fur States to share responsibility for assuring safe atomic 

was carried forward during 1960 jointly by the 
A ‘Ix aIld the States and interested organizations m-ith these 
&%E- 

t,ktion 
hlg 

*-;io11 

--: 
F- 

%-ere developed for guidance of tlie Commission and States +& 
.- b1ing compatibility of regulatory programs, and after re- 

Sbte representatives, these are being used as a basis in 
J R t &  ,%greements. 

of ,uggested legislation prepared by the Commission co- -@tiTe,y Kith the Council of State Go-rernments, xas  adopted by 
til as part of the legislative program it mill sponsor in 1961, 

.I 

(.om 
&+ed radiation control and licensing regulations for States 
c”dr&d as a cooperative project with the Council of State 
d e n t s ,  and the U.S. Public Health Service, and are being 
4jdd for public comment. 

+ ~ g  programs for State personnel were continued and are being 
_aded. 

1960, nine States requested comments on proposed regula- 
egisla tion. 
t formal proposal by a State for an agreement to assume 
responsibility was submitted on September 20, 1960, by 

at n-hich time informal discussioiis had been under way 
Tork for several months. Preliminary discussions were 

iE;b Sew Jersey and ~ ls ry land  about entering into agreements. 
dr 011 the comniiinity impact of atomic energy was completed 
imericstn Municipal ,4ssociation, and discussions have been 

representatives of municipalities : for example, Cincinnati, 
es Harbor, and Xew Tork City, officials. 
3x-y xork started on a draft of a model Commission-State 

Criteria For Reguhtory Programs 

3 initial step in prepariig for negotiation of agreenlents, cri- 
**R dereloped for guidance of tlie States and the Commission 

ining the compatibility of tlie regulatory programs of tire 
th that of the Commission. Ender Public Law 86-373 

k‘ the Atomic Energy Act of 1954, the agreements may cover 

. 



To provide a more detailed explanation of the proposed criteri, 
Commission conducted four regional meetings : Atlanta, 11 
sored by the Regional Advisory Council on Nuclear E 
Southern Governors' Conferen-, and in Chicago June 23, seR 
State Governments. The four regional meetings \vere attended 
approximately 150 persons representing 37 States. 

I n  addition, at  the request of State coordinators, advison c.,& 
sions, committees and officials, meetings were held in 13 St& fc4 

fornia, Connecticut, Illinois, Kansas, Massachusetts, AIissoupi, 
vada, New York, New Jersey, Rhode Island, South Dakota, o& 
and Arizona) and the District of Columbia, to discuss tile pmFG 
criteria and problems related to various aspects of the progmm. 
Commission headquarters in Germantom, Md., similar die- 
were held v i th  representatives of Hawaii, 1centuck-y and AfarvL 
Follow-up conferences were held with representatives of a n u m b  
States. ,Qdditional conferences were held with representatira # j ,  
ciustry, labor and other interested groups, 

Commission staff also discussed the proposed criteria befctE : 
Committee on Atomic Energy of the National Association of & 
neys General, the Conference of State Sanitary Engineers, the 
States Public Health Association, the Atomic Energy Comm 
the Kational Conference of Commissioners 'on Uniform Sta 
and the Kational Legislative Conference, as well as at a hearing 
:i committee of the California legislature. 

held with State health officials in meetings sponsored I_.? the 1-5. 
lic Health Service a t  Las Vegas, Nev., on December 5,1959, and 
gomery, Ala., on February 12,1960. 

A ayF 19,q 
nero 6f 

City June 24, and San Francisco J d y  11, sponsored by th e collJ&J 

-1 

Prior to drafting the proposed criteria, informal discussions * 
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the control of (a )  byproduct materials (radioisot 
inaterials (uranium and thoriwl) , and ( e )  special nucle 
(uranium 233, uranium 235 and Plutonium 239) in quanti 
a critical mass. 

On April 11, President Eisenhower vmote the GoT' 
out that the law was enacted in respollse to recornme 
Joint Federal-State Action Committee, and stressin 
crease the functions and responsibilities of the States, 0 
the Commission forwarded copies of the proposed criteria 
C;overnors requesting their comments. 
were circulated for comment to interested Federal agencies, aQd ~ 

public and private groups and individuals. 

The proposd 

Government 
mt of Labor, an 
ai Measurenienr 
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23, the Commission's AdTisory Committee of 
i3is met in Washington? D.C. to assist in evaluating com- 
be proposed criteria, .srhich then were rerrritten in part. 
re being used in negotiating agreements x i th  the States. 

Szcggested Control Act 

cooperative effort between the staffs of the Council of 
ments and the Commission, a suggested State Ra.diation 

act %vas drafted. The purpose of the act is to provide sug- 
basic enabling legislation for radiation control programs corn- 
*ith the Commission program, as well as for other radiation 

+thin the States. Primarily through the mechanism of the 
il of State Governments, this draft of a suggested act was pre- 
for comments and criticism to representatives of the National 

ation of Attorneys General, the State and Territorial Health 
erican Public Health Association, Federal agencies, 

1 organizations, industry, labor and other interested groups. 
by the Advisory Committee of State Officials, 

included in suggested State legislation sponsored by the 
overnments for 1961. 

Szcggested Regalations 

developing radiation safety regulations compatible 
am, the Commission is working with the Council of 
, the U.S. Public Health Service, the U.S. Depart- 
the National Committee on Radiation Protection 

bnsurements in developing suggested State regulations. A 
of suggested radiation control regulations is being circulated for 
ts and criticisms. Suggested Licensing regulations also have 

presentatiws of &- 

criteria bcfom :L 

being circulated for review. 

Trainilzg Program 

 king prograin has been developed to provide assistance to 
and local goiTerrunents in creating a core of well-trained per- 
for assumption of regulatory responsibilities as provided un- 
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Training courses incl~zcle both one-year allcl l U - i ~ - ~ &  t 

in health physics and on-t,lze-job trailling and orientation in 
mission's licensing and inspection progranls. I n  the 1) 
State employees have attended the one-Sear courses 
~nonths at  the University of Michigan or I-Iarvard 
lowed by 3 months experience in Commission fadi t ie  
sion formerly paid stipends in addition to tuition, but sti 
longer are authorized. 

A 10-week pilot course in health pliSsics was initiated 1) 
Natioiial Laboratory and Oak Ridge Illstitute of 
January 1960. The pilot, course was atteiided by 16 Stat 
pa1 health officers and 4 Federal personnel. It will be 
spring of 1961. 

Similar courses have been developed at  the Commission:s 
and Safety Laboratory, which presented its first COurW in 
City in October. Argonne National Laboratory at Argome, 
the University of California plan to start courses in Afar,& 
mer of 1961, respectively. 

On-the-job training in licensing activities and orients fork Operations C 

tioii is provided at  Commission headquarters ; detailed tra 
inspection is provided by operatioils offices. Operations og% &.Ridge Operations ( 

adge 5'7486, ext. 760 
expanded their programs to include orientation in general s:FaMah River Operati, 

inspection. e l l ,  ext. 3333 (thro, 

orientation. Other States which have taken adITantage of &is 
ing include Yew Jersey and Connecticut. 

tl 

The State of Xew Pork was the first State to send pemBg 
mnerque Operations 

&pine 6-4411, ext. 382 
==O Operations Offict 

mter i-7711, ext. 2111 

RADIOLOGICAL ASSISTANCE PLAN Operations Office, 

zsz Francisco Operation: 
€Bornwall 1-5620. During 1960, the Commission's operations offices and hmdq 

responded to about 79 requests under its Radiological A 
in connect ion with incidents that; were believed to involre m 
niaterinls. Of these incidents, 54 were found actually to inroj 
actil-e mnterials. 
i*equests for information? adrice and guidance on e rne rp~[?  
lopied assist mice matters. 

The Racliolc~~ical Assistance Plan provides for natiol1-n 
gene)- radiological monitoring teams including 
or,rr;lnizution c 

Commission offices replied to about 1.76 

:*to iiiake nrailable? upon request fro111 an 

See p. 368-70. Annual Report t o  Congress for 1959. 
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It is intended to increase total capability for areas that hape 
coverage so that teams could arrive at the incident site in nr# 
than 2 to 3 hours. 

The Interagency Committee on Radiological Assistan= 
approved a h a 1  draft of the proposed Interagency Radiolo 
sistance Plan (IRAP) . The thirteen agencies currently pa 
on the ICRA have received the IRAP for consideration and 
Each agency that finds the I R A P  acceptable will officially 
participating agency under the plan on the data of appr 

~ 

3 
FEDERAL RADIATION COUNCIL 

On May 13, 1960, the President approved seven rec 
concerning radiation exposure to persons contained in 
orandum submitted by the Federal Radiation Council, esta 
Executive Order 10831, August 14, 1959, and made a statutoF 
by amendment of the Atomic Energy Act of 1954 in Public Lsg 
373.33 
Staff Report KO. 1 on background information for the memo 

(See Appendix 8.) Also on May 13, the Council k 

sz See p. 270, Annual Report to Congress for 1939, .Toint Nuclear Accidt.nt khs 

33 See p. 268, Annual Report to Congrws for 1959. 
Center and basic agreement. 

5006251: 

agencies of I 
the recomrr 

+&rice. 
u m c t i r i t y  con 

&t be inhaled or 
b o n  Council. 
w Federal agencil 
X'XF? Khich the C 

The Atomic Ene 
md for the contr 

Commission rc 
number of i 

ainner until the 
h d i a  Laboratol 

-mC safety I * was broken 01 



that now “feu 
nt site in not 

XCIL 

= - JAKUARY-DECEMBER 1 9 6 0  267 

Dlorandum views the setting of radiation protection shnd-  
of a judgment on the extent to which the risks of 

to radiation niay be accepted in order to realize the bene- 
ei,ted -xith incurring the exposure. The Council emphasizes 

silodd be no single “permissible*‘ or acceptable exposure 
i ~ o u t  regard to the reasons for  permitting the exposure. 
Ille~ora.ndum recommends adoption for Federal use of the 
iation Protection Guide” to  designab an exposure dose 

ting from application of this principle. Values to be used 
on Protection Guides are given for normal peacetime op- 

>istion protection guides developed so far pertaining to whole 
organ exposure under industrial conditions, and to 

shale body) genetic exposure to individuals, and as an 
for large populations. The rem-dose values given by the 

differ very little from the most recent values recommended or 
by the Xational Committee on Radiation Protection and 

enh, and the International Commission on Radiological Pro- 
0 that extent, no immediate effect on Commission a t i v -  

:!e ne IY radiation protection guides n-ere promulgated for official 
#E? 1 a, ctencies of the Federal Government. The Commission will 

the recommendations of the memorandum for its primary 
- i m e .  

ctir i  ty concentration guides for radioactive materials that 
inhaled or ingested are being dereloped by the Federal Ra- 

1 Council. Pending their issuance, the Council recommends 
I . Federal agencies continue to follow the recommendations of the 
yp, rhich the Commission has followed for some years. 

€&Is* 

tic ( 
-% 

%ad 

SAFETY AWARD 

3 Atomic Energy Commission has established a new safety 
--! for the contractors or operations offices achieving the best all- 
- t.’ornmission record for prevention of occupational injury-the 
:a number of injury-free man-hours. A trophy will be held by 
-mer until the record is superseded. 

--:&a Laboratory at Albuquerque, S. Mex., accumulated an all- 
> - E C  safety record total of 14,936,169 man-hours before its 

-;RIS broken on September 6,1960, by a disabling injury. Sandia 
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exceeded the old AEC record of llJ75,509 man-hours acl . 
1 ' m ? 4 j  1 General Electric Co. at the Conimission's plant at  Erend: 
Ile! 9: ~ = 1957. This places Sandia Laborator? aliiong the stltional -i: 

r l  

h- i Council's best records known in industq-. 
= *=€ 

I I---- 
no. 21 

9. 52  
. 2 4  
. 01 
. 0 2  

-- __ 
100.00 75,611 :!E 1 

71, 630 
3, 912 

66 
3 

b l  

The rem is a measure of the dose of any ionizing radiation to body tissues in terms of i t s e smzssz  

b This overexyosure is noted in table 5. 
i c i l  effyct rclatirc to a close of one roentgen of high voltage X-r3ys. 

Ifzdustrial Safety And Property Protection 

Industrial Sa f c t y 

The Commission's I9GO record iii safety md fire protection r.1' 
passed bj- the 19XI record (the lutest avnilable) of only * f 

industries in the United States as  reported to the Sationai zk 
Council, which compiles and p~~blishes aniiudly the arer%e Lf e 

AEC IN.3Uf 
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The one lln~big the best record  vas the communica- 

JAKUART-DECEMBER 1 9 6 0 

,. 

am in the following table : 

.$EC INDUSTRIAL INJURY FREQUEKCY RATES * 

Jan. thru No- Percent incremc 
vember 1860 or decrease 

0. 73 
1. 57 
2. 24 
3. 85 

14. 10 
1. 64 
0. 76 
1. 70 

- 32 
- 19 
- 22 + 11 
- 16 
- 20 
- 65 
- 24 
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Fire, Explosion and Property Danuzge 

C .  
Fire and explosion have been the principal causes of cjnh 

property damage and loss during each of the 17 years 
merit's industrial nuclear facilities have been in operation, 
mately 11 percent of total damage resulted from hazards 
specific to nuclear activities. 

Sehus Accidents 

Thirty-seven serious accidents occured in atomic energg fw . 
% a January 1 to November 1, 1960 inclusive, and are summa 

Table 1. A “serious accident” means an accident required to 

~ the following: (a)  fatalities, ( 6 )  Government property - e 

thap r m  received over a short period of time, ( d )  other injuq or 
&e trial illness, no matter how slight, of five or more persons 

accident, and other defined accidents. 
0502-04 and 0523-052 give full definitions of immediate] 
accidents.) Four workers were killed in accidents that 
volve radiation. 

ported immediately to Commission headquarters, and includes 

$5,000 or more, ( e )  an external radiation exposure mater %! 

s 

(AEC Manual 

TABLE 1.-SERIOUS ACCIDENTS 

January 1-November 1,1960 

HS No. 1 

60-3 

60-4 

80-5 

60-7 

60-8 

60-9 
60-10 

60-1 1 

60-12 

Date 

1-16 

1-29 

2-1 2 

3-3 

3- 8 

1-26 
3-18 

3-30 

3-1 8 

~~ 

Opera- 
tions 
Office 

zoo 

hLOO 

zoo 

3AhT 

O R 0 0  

OR00 
SROO 

SROO 

ALOO 

njury and 
lOSS 

$30, OOO 

1 killed 

13,115 
2 injured 

12,500 

1 exposed 

20, ooc 
170, oo(1 

6, OOo 

1 killed 

’ 

6-28IOROO 

7-11 ALOO 
7-16 O R 0 0  

7 - 6  ALOO I 
Two boilers in a reactor power house exploded 

of fumes in firebox while an attempt 
star t  unit manually. 

Professiooal skin diver drowned while pe~m 
duties at the Eniwetok Proving Growl& 

A reactor vessel holddown plug asemb 
being lifted and moved by means of 8 

riggers injured. 
During the pressfng of an experimental ht#i 

detonation occurred. 
An employee was exposed to  radiation from c $* 

cleaningup a cell. The exposure was 5 , W d h e  
(beta dose). 

Explosion occurred in a uranium SinteM 
A hydrogen-sulfide gas release from 8 P 

During an electrical storm, lightning s & d  tsa 
condenser caused a fire. 

pump motors. 

soup into a kettle, slipped and spilled 
Died 20 days later from first and second 

While a kitchen employee, helping to pow 1s 
e 

*In Compliance with AEC Manual Chapters 0502 and 0523. 
b Office of Health and Safety, USAEC Headquarters, File Xumber. 



TS 

- 
opera- 
tions 
Office 

NYOO 
HOO 

- 

ALOO 

LARO 

ID00  

OR00 

ALOO 
OR00 

ALOO 

'DO0 

!ROO 

!ROO 

SR00 

OR00 

ALOO 

, 

0 

LAROO 
HA00 

Remarks 

12, 000 During an electrical storm lightning damaged transformer. 
6, OOO 16-xuile per hour breeze spread a grass fire over 3,000 acres of 

AEC property. 

iber. 

li; 10-7 

I ' P-13 
e !  i-12 
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TABLE 1 .-SERI 0 US ACCIDENTS-Con tinned 
January 1-November 1, 196Montinned 
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Remarks 

1 killed a f o o t  fall. 
two, OOO A &e of pyrophoric metal and excess prm-tian of equip 

ment in a chemical dissolver caused damage srnd contamina- 
tion. 

While an irradiated graphite-clad reactor fuel element was 
being dry cut inside 8 hot cell with a remotely operated 
saw, a change in air pressure forced contaminated graphite 
dust from the oell. No overexposures. 

216,285 A leak m an outlet nozzle on a reactor was caused by crack8 
around the circumference of the nozzle. 

9,950 Breaking of sling in removal of astrodome from 8 mfmt 
camera tower dropped dome 10 feet. 

6, OOO Failure of overload switches during a severe electrical storm 
caused burnout of transformer. 

1 injured Employee seriously injured while using an explosive powder- 
actuated power tool. 

12,000 The stainless steel lining of a new liquid nitrogen storage 
tank collapsed during an acceptance test. 

12,000 A 15 kilovolt switchgear damaged by &e. 
5,000 Hydrogen gas explosion in gas furnace enclosure in m e w  

plant; one employee injured. 
$31,360 The accidental discharge of radioactive material into a room 

as a result of pressure buildup in a drybox. This was due 
to  an inlet solenoid being locked in the open position and 8 

venting solenoid being closed due to a mdfunctioa The 
pressure built up to a point that one of the drybox gloves 
blew out, thereby releasing radioactive particulate materfal 
into the room. Eleven persons received minor exposures. 

1 kined Employee killed in fall while painting handrails around a 
silo. 

250,000 Contaminated cooling water wes discharged from canyon 
onto floor. No overexposures. 

8,300 Water leaklng through roof during heavy rainstorm damaged 
transformer. 

39,500 
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Radiation Iqzcidents 

Xudiatioii incidents occurring 111 the atomic el lera  
in commission and licensee operatiol1s, during fiscal Yeals ~~~~~ ~~ 

30,1959 and 1960 are summarized in Tables 2 and 3. 

are as follows : 
For Commission operations, the criteria for inclusion 

a) A dollar cost of recovery (decoiltalninatioii, repair, etc, ~ (ir 

6) Radiation exposures to one or inore persons of 

e )  Potential radiation exposure as in (b) which did 

age or loss associated n-ith the incident of $5,000 

more, usually delivered in cz short time. 

cur (for example, an incident involving the spill 
quantities of plutonium). 

d )  An incident which, for reasons of possible public inte 
been reported previously to the public. 

For licensee operations, the criteria for inclusion in 
those given in AEC Regulations as stated in 10 CFR 
defines incidents requiring ( a )  hmediate or (6) 24-hour not$ 
of Commission, plus criterion ( d )  as stated above for co 
activities. 

10 CFR Part 20 requires inmediate notification to tile cr% 
sion of any incident which may have caused or threatened to ~~ 

“(1) Exposure of the vhole body of any individual to 2: 
more of radiation; exposure of the skin of the whole bodr G f  

iiidividual of 150 rems or more of radiation; or exposure aitb 
ankles, hands or forearms of m y  individual to 375 rems o p  Esmg 

radiation ; or 
ii (‘2) The release of radioactive material in concentrations 

if averaged over R period of 24 hours, n-ould exceed @IO? ti&* 
limits specified for such materials in Appendix B, Table 11 : or 

Li (3) ,4 loss of one working week or more of the operation d 
fticilities affected; or 

b* (4) Damage t,o property in excess of $IO0,000.’7 
I t  is also required by 10 CFR Part  20 that: 
bBEacJ1 liceilsee sllnll within 24 hours notify the r\hag‘P!’ d *% 

in 

:ipproprint e Atomic E n e r m  Commission Operatiolis 
.\ppendis n b ~ -  telephone and telegraph of any incj 
1icense)d niaterial possessed by hini and which  ma^ h \ - P  C X ~ F  e 

threnteiied to cause : 
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sure of the whole body of any indi~-idual to 5 rems or 
tion; exposure of the skin of the whole body of any 
0 rems or more of radiation; or exposure of tile feet, 

l,allds, 01’ forearms to 75 rems or more of radiation ; or 
le release of radioactiye material in collcentrations whicIl, 

- e  ned Over a period of 84 hours, would exceed 500 times tile 
-&&&fied for such materials in Appendix B, Table 11; or 

of one day or more of the operation of any facilities af- 

JANUARY-DECEUBER 1 9 6 0 

amage to property in excess of $1,000.” 
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SPECIAL HAZARDS UNDER STCTDY 

281 

,ination Containment in Glove Bozes _ _  &Jfl 

Te boxes are widely used in atomic energy acti-rities to prevent 
Glove boxes are closed, ventilated cornpart- 

&E ds. Experience has shorn that the protection afforded by 
is firm - box containment is substantially reduced in cam of accidents 
&re - fire and explosion. During 1959, a committee was formed 
&JnD 

~ urpose of collecting the best Commission experience and prac- gthe P nlove box design. A draft guide on glove box design, con- 
& on E 

$0 of ,aSd $ith rubber gloves sealed into the side into which worker inserts 

ion and use, will be prepared for publication during 1961. 
t- k 

ny cases, high efficiency filters on air ventilating systems serve 
ka1  means for preventing inadvertent spread of radioactive 
bation to external environment. The occurrence of several un- 

filter fires made i t  necessary to develop filters that 
noncombustible. Such filters have been developed 

years and have found widespread acceptance and use 
---ahout Commission installations. 
i&ements were made during 1959 so that Commission contrac- 
-r, conld have the performance characteristics of filters checked be- 

f two testing facilities. A simple, economi- 
eans for checking banks of filters as a unit remains 

dereloped. Other areas currently being studied include methods 
er increasing filter heat resistance, and development of more 

rit dry filters to remove radioactive iodine. 

2 Pyrophoricity 

 march to obtain improved understanding and means for more 
e prerention or control of fires and explosions caused by pyro- 
metals (such as plutonium, uranium, thorium and zirconium) 

~ i e  Sationnl Laborntom found that certain mixed halogen or- 
ierimtires appear effective in retarding or preventing zir- 
combustion in air. Stanford Research Institute f o n d  that 

foils could be ignited by exposure to shock waves. ,4. D. 
tests to evaluate the relative effectiveness of various metal f 

%uishants are nearing completion. 
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Air-02 Exploewtzs 

Under certain conditions, air-oil mixtures explode, F 
of this kind occurred in Commission installations dur’ 
most serious at  West Milton on October 30, 1959, in 
system for a prototype reactor. 
hgilton type of hazard in any other Commission location 
and m u 6  for preventing such accidents have been studied 
results published by the Commission. 

Electronic Gomputer Fire Protection 

survey failed to repeal 

A fire in the Department of Defense Pentagon he 
Washington, D.C. in 1959 resulted in national recogniti 
associated with computer systems. A Commission engineer is 
ing this type of risk in Commission installations where 
puters are in use, and is representing the commission 
Fire Protection Association Committee on Electronic 
The survey is to be concluded in 1961. 

Liquid Hydrogen Basards 

Bubble chambers used in research work with particle wNle 
contain relatively large quantities of liquid hydrogen under 
pressure. Hazards of these devices have been studied at corn 
supported laboratories-Lawrence Radiation Labo 
of California, Argonne National Laboratory, and 
tional Laboratory. These findings, with that resulting from 
liquid hydrogen hazard work performed under contract to 
Air Force, are being studied by the Commission with a vim 
strengthening safety precautions covering this area. 

Bar&, Pa., and KO 
Plutonium Chen 

Nuclear Materials Management 

Review of A7ucZear i l laterids  Control System 

The Commission’s system for controlling source and spacial 
materials was established in 194’7, and since that time has been 
to continuing critical review by staff. Late in 1960, the Co 
requested proposals from private consultant firms for an 
evaluation of the system and procedures. 
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of the review is to assure the public, the Congress, and 
n that proper administration is being maintained over 

ecial nuclear materials. The review is designed to ensure 
of the existing system of control to present conditions. 

;ddition, the review should provide assurance, or recommend cor- 
to assure, that the system will detect significant di- 

of surce and special nuclear materials, and that the system 
exible to permit development of peaceful applications 

The study should provide advice and guidance 
s as ascertaining the special nuclear material content 

fuel elements, and of irradiated fuel elements returned 

energy. 

s 8 e ~  for chemical reprocessing and subsequent payment. 

@d Measurement Methods 

particle ctcoeh 
gdrogen under 
,udied at Comm 
horatory, Universk 
and BrooMm.c.en 9;- 
d t i n g  from e x t e -  
r contract to the r3- 

area. 

zgement 

h a special advisory committee and through seminars, the W@ d o n  is establishing suitable methods for measuring the prop- 
d quantities of source and special nuclear materials transferred 

E a  
@the Commission and private industry or foreign governments. 
Laement methods nom in use for atomic energy operations are 
8mriewed and evaluated at a series of seminars among recognized t 
brities in various fields of measurement. The seminars, divided 
3~ sections, were held during 1960 as follows : 
gag Spectrometry Section, February 9-10, Argonne National 

filtombry. 
cranium Chemistry Section, February 25-26, and September 15, 
hK Brunsaick Laboratory. 
~ a i ~ g i o n  Spectroscopy Section, February 29-March 1, Pitts- 

e m 1 1 ,  "F Pa., and Kovember 1, New York, N.Y. 
piuionium Chemistry Section, March 2625, Los Alamos Scien- 

&Laboratory and August 17-18, Dom Chemical Co., Rocky F l a b  

Miochemistry Section, May 9, Oak Ridge National Laboratory 
d October 13, Gstlinburg, Tenn. 
kp7ing Section, June 7-8, Washington, D.C. 

Denver, Colo. 

~ b d  Reference Materials 

8e Commifsion-National Bureau of Standards cooperative pro- 
hich has provided 15 uranium isotopic standards, was con- 
Preliminary investigations for preparation and certification 

miurn 236 isotopic standzrd and of isotopic plutonium stand- 
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Samples of high purity plutonium metal are being prepal.@ 
Los Alamos Scientific Laboratory for distribution to six laLop,Ht 
for analysis. These results will be used for certificatiwl of th. 
rial when made available as a plutonium chemical standard frort, 
National Burea.u of Standards. 

rVon-destrztctive AmZysG of Reactor Fuels 

A program was initiated to develop te 
analysis of reactor fuel materials. Prim 
gamma ray scintillation spectrometry, 
feasible. 

A portable gamma ray spectrometer has been develope 
h a l  field trials, all the Commission’s operations offices 
nished instruments for inventory verification, for quality 
core manufacture, and for other uranimum measurement 
which may arise. 

Xeetings 

cerned with nuclear materials management mas held in 
Ohio, June 22-24, in conjunction with the first annual 
the Institute of Nuclear Materials Management. 

The annual meeting of Cornmission and contractor perso 

Construction and Supply 

As of December 31, 1960, the Nation’s investment in atomic egw 
facilities was $7.4 billion before depreciation reserves. 

Costs incurred by the Commission for additional plant and q+ 
nient during fiscal year 1960 amounted to $332 million, an incm 
of about 11 percent over similar costs incurred in the pr 
year. The following t.able shows capital costs incurred durhg s 
prerious 5 pears : 

uation Center cr 

Fiscal year 

1 9 6 0 - _ - - - _ - - - - _ - - - - - - - - - - - - - - - - - - - - - - -  
1959__--___--------------------------- 
195S----___-_------------------------- 
1 9 ~ , - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1 9 5 6 - _ _ _ - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - -  

-c 
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._- 
criteria for Commission structures were expanded during 

ddition of Chapter 6316 to the AEC blanual with acconi- 
d Handbook Parts 1, 11, and 111 establishing guidelines for 
gFM0f fallout resistant persomiel shelters and blast resistant 
@ relocation centers, vi-hen these are authorized by the Con- 

criteria include such factors as space allocations in rela- 
@- nufl ber of personnel, living and sanitary facilities, ventilation, 
5 to 

E&* 
bf die * 

of structure and radiation attenuation. 
&?@ 

Planning 
c 

comission continued its full participation in the activities 
@oEce of Civil and Defense Mobilization (OCDM) . Assistance 
:hemFided to OCDM in development and review of annexes and 
s p  to the National Plan for Civil Defense and Defense 
b t i o n  and in modifications to Federal Emergency Plan 

Cammission carried out a comprehensive program of exercises 
+$ Operation Alert 1960. Emergency operating plans vi-ere suc- 
b sdlT followed in simulating conduct of postattack functions from 
r EAquarters Relocation Center and from field relocation cen- 
E commission representatives also were active at  the OCDM RIniil 
:ation Site and at  OCDM regional locations. 

of Operation Alert 1960, the Commission's entire succession 
a m a n d  was briefed on headquarters emergency planning and 
Gtjs, and on postattack responsibilities. 
4 high-speed, especially-designed teletype printer was installed at 
;mniission's Headquarters Emergency Relocation Center. This 

mpe is capable of quickly receiving information about the post- 
condition of facilities directly from the Natiolzlal Resources 

&asion Center computer. 

F' , 
1 :iii the increase in the number of shippers of radioactive materials 
 has accompanied the growth of the atomic energy industrr, the 
=&ion has embarked on a program to provide transportation 
eations of motor and rail carrier groups with detailed informa- 
@naming the transportation characteristics of atomic energy 

L51s and products. Radiation protection seminars were spon- 
%- md conducted, and carrier groups were encouraged to conduct 

3 
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similar training sessions, or to develop other means to iustru 
h g  personnel. The seminars also provide a means of hf 
transportation industry concerning the Radiological ~ ~ ~ i ~ ~ ~ ~ %  
(see section of this report on Health and Safety). 

Record Managemnt 

During fiscal year 1960, the Commission and its cost-reb 
contractors disposed of 98,000 cubic feet of records having no 
value, or 9,000 feet more than in 1959. At the end of 
228,000 cubic feet, or about 39 percent, of COmissioI1 
housed in low-cost records centers or storage areas. 

Community Activities 

OAK RIDGE AND RICHLAND 

During 1959 and 1960, the Government completed t 
designated entities all municipal services and facilities 
Commission-operated atomic energy communities of oa 
Tenn., and Richland, Wash. The sale of a11 Government- 
ings for residential, commercial, and nonprofit use wa 
pleted. Built during the war to provide homes and 
employees of the atomic energy enterprises at Oak Ridge md 
Hanford plant, the communities for years were operate 
ment t oms ,  with municipal services and administration 
by contractors and with all buildings either rented or leaad 
cessionaires. Until February 1949, there was a security 
the Oak Ridge Community and public access was restricted. 

Public Law 86221 was enacted August 4,1955, and o 
1955, the Commission requested the Federal Housing 
tion (FK4) to make the necessary appraisals. Assista 
ganization of local gorernment and the classification o 
sale began immediately after the passing of the enabling 
in 1955. Except for some 100 leased residelltial lots in Oak 
first of n-hich was sold in December 1955, all properties C ~ S  

sale were placed under the jurisdiction of the Housing 
nanca Admimistratiox1 (HHFA). 
made in Oak Ridge on September 7,1956, and in Richland OnJ 
1957. Sale of property, up to November 30, returned a tats1 

of November f 

The first offering of h o e  
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Community operating costs incurred a t  O& 

the Government, compared with original costs of $119.5 

installations with a book value of $60 million have been 
and the commission is now making annual assistance 
nrol.ided in the Atomic Energy Community Act of 1955. 

Ridge and 

depreciation of $46.0 million. 

ring fiscal year 1960 mere in the form of assistance pay- 
1 municipal entities. A t  Oak Ridge, assistance payments 
tion and establishment of city government and for opera- 

clts government (including the schools) totaled $1,453,746. 
md, assistance payments for organization and establishment 

olmmment, as well as operation of the city government, 
d the school district totaled $1,354,799. It is estimated 

~~~~~~ steady-state annual assistance payments to the enti- 
&-ed, in the future might approximate tlie following: 

r ~~ 

Oak Ridge (including schools) ---_-_-____--___ $1,400, OOo 
ots ,,f Richland------------------------- --_____-___ 425, OOo 
maand school District --L______-__________________ 700, ooo .- .- 

Total _ _ _ _ _  ------------- -------_______-________ 2,525, OOO 

ter 8 of tlie Conimunity Act, authorized the Commission to 
t8 with and assist residents of the communities in preparation 
establishment of, local self-government and to transfer munic- 
flations and responsibilities to local entities. This authority 

BS of A4ugust 3, 1960, the purpose thereof having been ful- 

3rnment - o m e  

nted or leased It 
of Xoi-ember 30, tlie only remaining Government property of- 
for sale but remaining unsold were some 313 out of 1,741 vacant 

parcels, and one commercial property reclassified from Gov- 
t use and offered for sale. All buildings for residence (hclud- 

ts), and nonprofit uses, except as indicated, had been 
Fire commercial properties remained to be sold. Sales of 
J returned a total of $26.5 million as of November 30. 

Unit8 Percent Units Percent 
ofeered sou oflered 8OM 
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School facilities and real property were transferred to the 
Oak Ridge on January 1? 1960, and all . -  reniainhg muipihe?Fg 

were transferred to the clty Of. WaK Kluge on June 1,1960. 
tion of the new Oak Ridge Hospital a t  Federal expens 
pleted and accepted by the C~mmisSion on January 22,15~;0. 
fer of the new building to the Oak Ridge Hospital of th 
Church, Inc., was effective June 1, 1960, and on July 1, 
hospital began operation independent of the Commission. 

Bureau at 27,009. 

Rkchland 

The population of Oak Ridge, as of 1960, was placed by #e 

All residential properties, except apartments and certain 
Act developments, have been sold in Richland, as have 89 
all residential lots. However, some 86 commercial pro 
to be sold a,s do several nonprofit p?operties. Sales of 
returned a total of $33.7 million as of November 30. 

_-Bl~- increased corn 

Dee. SI, 1959 ~msing construct 

Single and duplex houses _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
,4partments (4 or more family units)_,----  
Residential lots _ _ _ _ _ - _ _ _ _ _ _ _ -  - _ _ _  - _----- 

Nonprofit _ _ _ _  _ - _ - - _ _ _ - _ - - - _ - - - - _ - _ - - - - - 

4,806 

Commercial properties- - - _ - _ _ _ - - _ _ _ - - - - - &&E@ is interested 

*All properties offered except two which are held up by court action. 

The transfer of municipal facilities to the city of Richlard 
completed during 1960. Population in 1960, according to the 
Bureau, was 23,521. 

LOS ALAMOS AND SANDIA 
Los Atamos 

Derelopment and sale- by the Commission of 
privately owned hoiiies continued at Barranca Mesa in L6  
N. Mex. The original 72 lots offered l-rtt~e been 
nient of 47 additional lots during the year. Twenty-fi1-e h o r n  ss 
occupied during 1960,527 more were under construction? and 
tional lots have been sold for home construction 
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,iditjonnl 72-lot development, provided for in the 1960-1961 con- 
qion P fl ql million housing modification project authorized in 1958 mas. 
Ipted during 1960, and another similar $1 million p ropam is 

%@P nay. Approximately 240 Government-omed houses will have 
dpLdified when the programs are complete. 
@ long-term leases on unimproved commercial real estate 9ver tlrded on the basis of competitive bids, and construction is 

.29 at some sites. Included in the new commercial activities 
rivateIY owned trailer Court, and three multi-purpose sites with 

of commercial enterprises proposed such as a grocery store,. 

-ne z;os damos Planning Committee, an official advisory group to 
gaager of Albuquerque Operations, submitted a report rwom- 

&- 

their activities toward the goals of greater local self-govern- 
increased commefcial enterprise, and elimination of the housing 

rogram, is underway. 

The 

op and laundry. 

that the Commission, its contractors, and the residents, in- &-Idin, 

d%!P* 

gousing constructed a t  the Sandia base, dlbuquerque, N. Mex., in 
,arly 1950% to provide homes, not otherwise available, for Com- 
# 4 o n  and contractor employees, was determined, during 1960, to be 

to Commission needs. This fact was reported to the General 
.-i~s Administration with the information that the Department of 
dase is interested in obtaining the housing. 

L 

Industrial Relations 

dopments during 1960 in Commission contractor employment, 
ms of earnings, collective bargaining, and related matters in- 
id the following : 
m g e  eniplopnent - for the first 11 months of 1960 for 29 prime 

~ Fimbursable contract,ors operating 38 Government-owned instal- 
s. employing 30 or more persons, and engaged in operations, 

der-elopment, maintenance and serrice, continued a t  about 
smlerel (91,126) as in 1959 (91,304). 
%Proportion of exempt salaried m-orlceE 3 4  in the work force of 
4, 

%t salaried workers includes all personnel “employed in a bonda-fide executive, 
*Wire or Professional capacity” mho are exempt from the overtime provisions of 
“ k h  Standards Act. * 
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these contractors, the segment that includes scientists and 
continued to increase during 1960. This QOUP comtituterl 
one-fourth (24.7 percent) in 1952, approached One-third (30 
cent) in 1959, and continued in 1960 with the percentage at 32ab 
cent. 

A 1960 occupational survey of contractors operating Govern 
owned facilities revealed that scientists and en&eers cornp& 
one-fifth (18.8 percent) of the wor 
(20.7 percent) ; clerical and office workers 15.2 percent; 
and related occupations 15.1 percent ; and managerial and 
tive about one-tenth (10.3 percent). The remaining wo 
production and service occupations. 

Earnings of contractor exempt 
marily of scientists and engineers 
rate as national averages since 1952, based on the 1 
information available. 

Coal Industry and the I n  
erally similar in process and q u i  
have more or less paralleled earnings for comparable Commk. 
tractor employees from 1952 thr  
ber 1960, contractor manual 
above the $2.83 gross earnings less overtime preliminary fie 
ported for the petroleum industry. 

Earnings of production (manual) workers in the Petroleum 

SHIFT IN CONTRACTOR WORK FORCE 
PERCENT 
100 

EMPLOYMENT AT AEC-OWNED Pums 

ANNUAL AVERAGES 

EXEMPT . ‘  

80 

60 

40 

20 

0 

h i e d  

sf electronic data 

7 

1952 53 54 55 56 57 HI 59 60 
( 9  030. 

OV..) 

5 0 O b C 1 8  
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.n"s of contractor nonmmuttl nonexempt salaried employees,35 

pq1*1l1 r, relationship to manual workers in the timing and amount 
I bear a 

djustnlelltS, have advanced since 1952 at a rate of 4.9 percent :id 
(ft R 

d to 5.0 percent per year for contractor manual workers. 
,Ire c*p tractor fringe benefit expenditures for nonexempt manual em- 

36 ftmounted to 19.7 percent of gr& payroll in 1959, compared (01) 

"@' ermnt in 1958. il 19.3 P 

$1 'IF 

EMPLOYMENT AND EARNINGS 

Co#tractors 37 Work Forces 

*ft toward an increasing proportion of exempt salaried work- @ea * 
~ ie the work force of contractors operating Commission facilities 
5 ued during 1960 (see chart, shift in Contractor Work Force 
f@ ition). Offsetting this increase are declines in the nonexempt 

component from 26.9 percent in 1952 to 24.1 percent in 1959, 
d ia the nonexempt manual sector from 48.4 percent to 44.6 percent 
&the stme p r i d e  
~s trend parallels a similar development observed by the Bureau 
mr Statistics in both manufacturing and nonmanufacturing 
iGs of the U.S. economy.38 I n  Commission establishments, this 
A reflects in part the increasing emphasis placed on research and 
d p m e n t  activities, with a consequent increase in scientific and 
*ring vorkers. The reduced percentage in manual and non- 

t salaried segments of the contractor work force may be at- 
in part to technical improvements, ranging from installation 

- ismnic data processing eqnipnient for payroll preparations to 
e modifications in plant and machinery and improved methods. 
Bthree work force groups have increased from 1952 through 1959 

h r t ,  Employment in AEC-owned Plants). Total employment 
6 in 1960, based on a 11-month average continued at  about the 

Wf 

sin 1959 Then the total was 91,304. 
nonesempt salaried employees Include all personnel performing essentially 

e subject to the  minimum wage and  overtime provisions of the  

loyees include all personnel p e d o r m h g  ementially manual 
the minimum wage and overtime provisions of the  Fair Labor 

fnclude prime cost-t.rpe operations, research, development, maintenance and 
n@actors employins 50 o r  more persons at AEC installations. Excluded a r e  
Or construction and  architect-engineering firms. The number of contractors  

tained h a s  increased f rom 26 in 1352 t o  29 In 1960 with the 

gs," Sept. 1958, published by the Bureau of Labor Statistics, 
ported in 1960 standing at 35. 
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CONTRACTOR WORK FORCFBY OCCOPATIONAL CROUPS. 

(JANUARY 1960) 

100% 1 om 

TOTAL AEC 
CONTRACTORS 

P RDDUCTION 
CONTRACTORS 

RESEARCH 6 
DEVELOPMENT 

'The groph views the work lorco from two fromos of rolorencs. vi.., on occupotlonal viewpoint d. 
Foir Lobor Stondords Act viewpoint. The lottor is  d i r o c t d  at dotmrmining tho degros of mn-1 4 
routini iod content to an occupation which in turn dotorminor, along with othor criteria, whtt,., 
minimum wogos and ovortims poymantr aro legally nquirod. 

Source: B a l d  on Buroou of Labor Statistics Survey of "Employnwnt in tho Atomic Ewrpy FioM," 
Jonwry  1960. 

Occupational G ? ~ ~ c p s  

ITlien divided between production contractors and reseiirck 
clevelopnient4 cont,r;ict total ,4EC employment reveals :t A-- 
larger production contractor work force, 46,045 woi-keIs, c0mjL" 

''I rmdtrctio)l Contractors include t h e  following industrial  segments : produetJciz 
materials : production of special materials fo r  use in reactors ; fuel element fnb-' 
and recorerr  act i r i t ies  and  atomic energy defense production facilities. Bf* e 

c l e ~ . d o P ~ ~ e ~ i t  coiitrncfoi-s include the  following industrial  segments : reactor and e= 
m n p o n e n t  design and  manufacturing : private research labs and  centers WXrd '' 
enerfl' work and Commission laboratory and  research facilities. 

5 0 c1 ti 8 8 U 

@P ared to 9.1 pe 

8~ monthly ea 
mployees since 1: 
gU~ltMy Earning- - approximate 
&cal employee 

the exempt 
udes also the 

awientific profc 
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~ P . V  of average 
-*4ol,ment, sals? 
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workers employed by research and developnient contrac- 
art, Contractor Work Force by Occupational Groups). 
ional composition of these two contractor groupings is 
rent. Among production contractors 58.6 percent of 
found in the blue collar segment of the work force con- 

skilled trades, production, maintenance and con- 
mice workers, compared with 30.1 percent among re- 

ea& and development work force included 28.4 percent 
ad engineers compared with 10.5 percent among produc- 

of technicians as an important sector of the work 

*is apparent. Approximately 12 percent of total AEC 
<went is in this category ; production contractors employ about 
@ * t compared with 1'7.5 percent in research and development 
Ipeflents. The proportion of clerical and other office workers is 
&iy higher-1'1.5 percent-among research and development con- 
efi than the 13.1 percent for production contractors. 

production contractors, 11.4 percent of the work force con- DOG 
of managerial, administrative and other professional employees 

to 9.1 percent among research and development contractors. 

evelopment contractors. 

€d- 

Contractor Employee Earnings 

a d  EmpZooyees 

kq monthly earnings of contractor exempt and nonexempt salaried 
e:~p~ since 1952 are shorn  in the chart, AEC Contractor Base 
kdy Earnings of Salaried Personne1.4O I n  the exempt salaried 

approximately 66 percent are scientific, engineering and related 
&a1 employees. The scientific and engineering payroll has domi- 
d the exempt earnings average since 1952. The exempt group 
d e s  also the payroll of executive, administrative and other 
sientific professional personnel. 

on the Los Alanios Scientific Laboratory annual national 
2: of average scientific and engineering salaries in research and 

pment, salary levels for this group since 1952 hare advanced 
5iRte of ttpprosimately 5.5 percent a year. This parallels the 5.5 
e x  arerage annual rate of increase observed for the Commission% - 
* a,. -&#amble to prime cost type operating, research, development, maintenance and 
=E- W m t o r s  emploj ing 30 or more persons at Commission-owned installations. 
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- 

contractor exempt salaried group. The actual level of b 
c o ~ i s s i o n  contractor exempt employees TGIS $805 
November 19 60. t‘ 

ings have increased from $310 in 1952 to $4’71 in Kovember 
same chart). The average annual rate of increase of sdar’ 
group from 1952 through 1959 was 4.9 percent. The arerage 
percent a year increase in base pay for nomanual nonexempt 
workers compares favorably with the 5.0 percent a year inO,, 
nonexempt manual employees. 

Pay f f# 

a QOQtt  

In the nonmanual nonexempt salaried group, base molltM 

=% 
for ti; 

ah& 

Manual Work Force 

The contractor average from 1952 until June 1960 for nollexem 

the products of petroleum and coal industrial sector and the 
industrial inorganic chemicals industrial sector which we genewT 
similar processes and equipment. I n  August 1960, Commis&-,n 
tractor earnings for tlm first time rose above the $2.83 

iE 
petroleum workers (see chart, Straight-time Average Hour]? 
i w ,  Manual Workers). However, wage negotiations Kithh 
ptroleum industry are scheduled for lata 1960 and early 19~1. 

manual work force earnings has fallen between the higher rak P 

=sr 

Fringe Benefits 

The Commission’s annual survey of “fringe” benefit espendirLB 
by contractors operating AEC-owned plants covers a number of ms 
gories of supplementary reinunerstions considered as paid to, or fz 
the benefit of nonexempt manual e rnpl~yees .~~ These fringe 
expenditures amounted to 19.7 percent of gross payroll in 195$& 
last year for which information is available, compared ai& 12 
percent in 1958 (see Table I-Contractor Fringe Payments 8s P e m  
of Payroll-1959). 

The figures in the following table are necessarily an appro& 
tion, but help provide an estimate of the total cost to the c o n t r c  
of an hour of manual labor, compared with those in other SF-+: 
of industry: 

uBnsed on “Fringe Benefits 1959” by the Economic Research Dept. of cbm*- 
Commerce of the United States, Washington 6, D.C.. 1960. 

ANNUAL AVERAGES 

NON-EXEMPT 



J A N U A R  P -DECEMBER 1 9 6 0  

Tolal.4EC All manu- 
cvntractors jacturing 

$2. 819 $2. 454 

. 261 . 300 
-- 

$3. 080 $2. 754 

Petroleum 
industrpr 
$2.954 

. 508 

$3. 462 

295 
Chemicals 
and allied 

$2. 464 

. 345  

$2. 809 
-- 

not worked consisting of ~ ~ i d  rest periods, lunch periods, washup time, tra-zel time, clothes 
mrw:t ready time, paid vacations. paid holidays, paid sick leave and similar payments is mn- 
per gsversge hourly earnings and therefore has been deducted from the “Fringe Cost” category 

0 s  
double counting in the total. 

e Cornmission as a matter of policy recognizes that contractor 
liar employees including Clerical and Professional Groups 

t @  &led to fringe benefits of the same lrind and level as prevail 
hdustrY . There is substantial evidence that those employees 

d Y  enjoy the fringe benefits that prevail generally in industry. 
.@TRACTOR BASE MONTHLY EARNINGS 
&,id personno1 

ANNUAL AVERAGES 

i 

% i  
I 

~ I I  I J J 1 ,  I 

53 54 55 56 57 58  59 60 
( 9  mor. 

avo.) 

STRAIGHT-TIME HOURLY EARNINGS* 
Of Monuol Emplayom 
DOLLARS 
3.20 

3.00 

2.80 

2.60 

2.40 

a . 2 0  

2.00 

1.80 

1 A0 

ANNUAL AVERAGES -----I 

O T  
19S2 53 54 55 56 57 58 59 60” 

c 

-9 AEC contractor employee mornings wi th  these in the products of petmlaum &d cool, end induatrlal 
chrmicals industriss. 

*:nr*lW ( S D W C ~ :  AEC Form 341) based on average throuph Sopternber; petrolaurn and cool, mnd aharnia-al 
-r Bweou of Lobor Statistics) eorninqs bored on overage through Augur@. 

3 
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Type of payment 

TOTAL FRINGES ~8 PERCENT OF PAYROLL _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I .  Legally required payments: 
a. Old-age Sunfivors and Disability Insurance- - _ _ _ _ _ _ _  
b. Unemployment compensation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - 
c. Workmen’s compensation- - _ _ _ _ _ _ _ _ _ _  _ _ _  -_____ _ _ _  _ _ _  
d. Railroad Retirement Tax: R.R. Unemployment 

Ins.; State Sickness Benefits Ins., etc ._____________ 

2. P m s i a  and other agreed-upon payments: 
a. Pension plan premiums and noninsurance type 

pension plans ____-_______--__-_____________________ 
b. Life insurance premiums; death benefits, etc _ _ _ _ _ _ _ _ _  
c. Contributions to privately financed unemployment 

beneflt funds ______________________________________ 
d. Separation or termination pay allowances _ _ _ _ _ _ _ _ _ _ _ _  
e. Discounts on goods and services, etc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
f .  Miscellaneous payments _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - 

Total ____________-____________________________-  

3. Paid rest periods, lunch periods, washup time; trauel time; 
clothes-change time, etc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

4. Payments for time not worked: 
a. Paid vacations and bonuses io lieu of ramtion------- 
b. Payments for holidays not worked _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
c. Paid sick leave. .____________________________________ 

d. Payments for State or National Guard Duty, jury, 
witness and voting allowances, payments for time 
lost due to death in family or other personal rea- 
sonc L ,  etc---.--_-------------~-----_-------_--_----. 

6. Other items: 
a. Profit-sharing payments ____________________________. 
b. Christmas or other special bonuses, service awards, 

suggestion awards, etc .___-_ . . . . . . . . . . . . . . . . . . . . . . .  
C. Special wvagc payments ordered by courts, payments 

to union sten ards, ctc. - .--__-.-____-_______---_--. 

Total 
AEC 

Percent 
0 19.7 

1.8 

. 5  

. . 5  

- 
. i  

3.5 

3.3 
1.4 

( 9 

(a) 

. l  

. 8  

5.6 

1.9 

4.3 
2.6 
1.4 

-3 

8.6 

( b) 

. 1  

(b) 

3 
. C  

- 
All 

nanrifac- 
turing 

Percent 
- 

21. 6 - 
2.3 
1 . 2  
. 9  

. I  

4.5 
- 

3.3 
2.4 

. 1  

.I 

. 2  

6. 1 

(b) 

2.7 

4 .0  
2 .3  
. 3  

.1  

6. 7 

. 9  

. 5  

3 .a 

1.6 

7.1 

1. ’ 

I 

2. 

lndicntes n o  expenditures reported. 
b Less than 0.05 percent. 
0 h-ot additive due to  rounding. 

From a stiidp of “Fringe Benefits 19%’’ conducted by the Chamber of Commerce of the 
States, 

-des Councils (P 
stional Association 

Chemical and  Aton zs 
wljaneous unions (t 

dts, etc.) (AFL-CIO 
~ i ~ s n e o u s  guard unioi 

@JrCIO) --- - - - - - - - -*  

Trades Councils are lo 
Wperating Internatior 

s ~ t i o n s  of employment. 

only about 6 perw 
*ral workers are re 

Employees Internat 
iseiwtady Draftsmen’s 

General 
- wll: Stoppages and B 

c a i n  Commission 
or varying perif 
steel producers 

T of components 
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I -- 

4.1 
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4.3 
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.1 
. I  
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I 
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LABOR-MANAGEMENT ACTIVITIES 

Collective Bargainilzg Units 

297 

565 nonexempt manual employees reported in August, 1960 
19 ~ ~ i s s i o n ’ s  cost reimbursable contractors engaged in oper- 

development and maintenance and service activities 
’. cI 50 or more workers at Commission-owned facilities, ap- 
‘o‘ l~~y @a. 70 percent are represented by unions under collective 

‘no agreements. The grmt majority of these employees are 

follo~ing table gives representation in the nonexempt manual 

13% 
;@ 

a i  D 
sith the AFLCIO.  std 

P -force by selected labor organization groupings : 
L 

Approximate 
repremziWion Percent 

12,823 46. 4 
6, 087 22. 0 

imdes Councils (AFL-CIO)’- - - - - -_- - -  - - -_--  - - _ _  
CMmical and Atomic Workers International Union 
~~~c10)----------------------------------------  5,072 18. 4 
w e o ~ s  unions (excluding guards, bu t  including 

9. 0 
4. 2 

27,636 100. 0 
lmdes Councils are local bargaining units, consisting of two or more local chartered affiliated 

@mperatmg hternational Cnions, which negotiate as a unit with an employer over the terms 
d m  of employment. 

@ional Association of Machinists (AFGCIO)  - - - - - - 

h; etc.) (AFGCIO) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
2;sneo~s guard unions (independent unions)-- - - - - - - - 

2,488 
1,166 

e-1 

+ _. about 6 percent of approximately 22,300 office and related 
2 Korkers are represented by unions as follows : 

Approximate 
repreeentation 

t f;mployees International Union (AFL-CIO) . . . . . . . . . . . . . . . . . . . . .  I, 349 
s d j  Draftsmen’s A4ssociation (Indep.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S4 

1,433 

General Indzrstrial Relations Problems 

~ Zioppages and 3 E C  Program 

Commission programs and projects during 1960 were cle- 
kr  nrying periods by labor-management disputes. The strike 

<steel producers and disruption in supply and scheduled de- 
r of coinponents were soniewliat, not iceiible in reactor projects. 
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The 5-month strike of the Marine and Slipbuild 
CIO) against Bethlehem Slipbuilding Gorp. 
projects considerably. 

contractors may affect Commission programs in various ways. 
range from a clearly direct impact measurable in quantitative 
where physical units of end-product must be foregone 
resumes, to more indirect and less measurable effects 
scientific skills in research and development programs due to a ~~~ 

affecting an experimental tool (i-e., a research re 
strike of reactor operators at  Brookhayen National Laborato 
another strike of maintenance and auxiliary operators at  the 
MTR facilities operated by Phillips Petroleum Go. at the xst 
Reactor Testing Station, it was necessary for professional and t* 
cal personnel to operate these reactors to maintain contin 
experimentation. 

Through November, bargaining activhy aff ected aPPr 
21,600 employees in the course of 55 negotiated settlements 
from initial contracts, renewals or reopeners. Most settlem 
reached without a work stoppage. 

Policies o n  Contracting Out Work 

stoppages in industrial establishments or among c 

Amic Energy Con 
Problems have arisen between labor representatives and corns 

sion contractor management over placing work with outside 
tors in three types of situations: (a )  Situations Khere j, c% 
tracted out to commercial suppliers, particularly in the reactor a 
in order to help develop n private source of supply for the p 
reactor program; ( b )  Situations in Khich Gover 
for using commercial facilities where feasible in preference to 
ernment plants; and ( c )  Situations in which normal methods 
expectations relating to the application of the Dav 
certain types of work that is border line between construction mi 
and operational activities in Government plants. 

With respect to the first category, the problem seems Tell und 
by employees and their representatives and not likely to be 3 
of misunderstanding if the contracting out does not) r e d  
reductions in employment. 

No strikes have occurred over actions in the second cat%oGk 
there have been serious threats of such action. Difficulties arw s 
publicity given the application of the policy in some GOT@* 
owned, Government-operated plants. 

During 1960 the C 
its contractors of ( 

‘ b G S h  
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ry involving application of the Davis-Bacon ,4ct 
attention during the year. This act requires the 

of wage rates determined by the Secretary of Labor for all 
d as construction. In general, it. has been t,he practice 

ecretaq to use rates paid by construction contractors as a 
determination. The line is not easily drawn between 

work, which is not covered, and minor construction work 
covered. Similarly, in a field of changing technologies such 

enera, it is difficult to distinguish between construction 
or experimentalion, which is covered by the Act, and the 

of an experiment which normally is not covered. The 
rnctice of the Commission has been to contract out to con- 

ractors work covered by the Davis-Bacon Act. Work 
e.,,d by the Davis-Bacon Act normally is assigned to an operat- 

. On a variety of work items conflict frequently arises 
ntractor, which employees and which union will thus 

a joint project between the Department of Labor and 
ission was directed toward development of criteria to  be 
tinguishing construction work items from research, main- 

or other operative items. Labor unions, the Commission, and 
participated in the project, and the final document, when 

e Labor Department, will be issued as part of the 

izance of the work. 

nergy Commission Procurement R e p 1  a t ion. 

Consultant Policy Revised 

1960 the Commission revised its policy regarding the use 
s of consultants who are regularly employed ;by other 

n contractors. 
this revision there mere instances where employees of one 

r were employed by a second contractor through private con- 
eements a t  rates which, a t  times, exceeded the individual’s 

recognizes the desirability of utilizing the special- 
d by contractor employees within the Commission’s 

To facilitate the  use of these specialists, Managers of Corn- 
erstions Offices may authorize cost-reimbursable contrac- 

greements Kith other contractors for consultation 
dified specialists who are primarily identified as regular Com- 
contract work employees. These agreements will be either on 

or nonreimbursable loan basis. I n  the first case, 
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the consultant's regular employer mmdd be reimbLus 
ed the he spends on consultant actkities; under the second, t. 

questing specialized service. ""bf 3% 

=- 

player would loan the services of the enl~lo>~ee to the ' contf, e %?lgr 

Panel Activities 

During 1960 the Atomic Energy Labor-Managem 
Panel continued to keep fully dh-.med on collective bargahmT velopments in the Commission program. m7here disputes t & 

- -q&- 
contract terms, the Panel had f m p e n t  consultations with awiE thp fi 9 
mission, the Federal Mediation and Conciliation Sew- 

Ice Q$l %& 

e Pall4 
necessary, with the parties involved in the dispute. 
jurisdiction in thres cases during 1960, i n d y i n g  Fedenl SF- 

hA %,q$ Inc., (NTS) and Independent General Association of xel-*. 
Zia Company, Los Alamos and nine craft unions, General ' 

%%? 

I n  February, the President designated Charles 0. &eq 
% P a  fessor of Law, University of Virginia, as an additional me& . 

the Panel. 

Th 

Hanford and the Hanford Atomic 3fetal Trade Coullcil, 

a &  

AMENDMENTS TO STATE W O ~ N ~ S  
COMPENSATION LAWS 

During calendar year 1960 less than half the State 
met in regular session. 
enacted. Additional coverage affecting radiation injury or 
oc.curred in three States. 

An amendment to  the Rhode Island Lav  recognized the 
latent characteristics of injury or  disease induced by ra 
1960 revision provides that the time limit (two years) for 
in such cases does not begin until the claimant h e x ,  or 
hov-n ,  of the existence of an impairment and the casual re1 
to emploTment or until after disablement, whichever is later. 

2% similar amendment to  the Virginia Law provides that th 
limit (one year) does not begin until LZ diagnosis is communiar 
the, worker. 

Kentucky broadened its coverage under the second inj 
sions of its law by making them applicable to occupation 

Second or subsequent injury arrangements-usual1~ fun 
witliin a w orkman's compensation spstem to insure that a handia- 

Some important changes in State lam 

-the January- 
a$rprsonnel changl 
~ & t  E. Wilson, fo 

vas appointed 
ed by the Sena 
term of C o r n  

gq that ended June 

&mmissioner John 
hren K. Olson, for: 
&dent and confirme 
Cammissioner for t 
& E ~ I  end June 30,l: 
hmriissioner Jokn 
k. Villard F. Libbj 

Commissioner, 
m1 Advisoryv Con 
k n  that will end A 
u p  Hauge Abelso 
T hmrnittee for tl 

July 14, 1960 a 
expire August 

'*Pad W. RlcDani, 
& was appointed 1 

30,1965. 
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second injury or disease on the job will receive full 

to coi-er the resultant disability-, and a.t tlle Sanie time 
employer need p>- 0111y the benefits due for tlie 

,i illjllI,F. ~ 1 1 e  6*secolld ilijtqf' fund pays the diflerence bet7i.r-een 
actuallp receires from the emplo~-er a n d  iTllat he 

for his resulting conditioii if there liac~ bee11 no 

e Council of State Governments established a work- 
subcommittee of the State Legislative &4dvisorv 

,4 g o u p  of experts in the field has also been appointed 
to the subcoinmittee. These groups are expected 

comprehensi~-e review of the radiation inj u r j  coverage 
Tcorbl~en's compnsation law and to make reconmiendations 

e 

.&dl 
.g_fjous - States. 
+zte 

Organization and Personnel 

-Fsbg tbe January-December 1960 reporting period, the following 
sonnel changes took place 
E, Wilson, formerly a member of the General Advisory Com- 

g-as appointed Commissioner by the President on March 18, 
tlie Senate, and sworn in March 22, 1960 for the un- 

term of Commissioner Harold S. Vance (deceased -4ugust 31: 
ded June 30, 1960 and for a 5-year tern1 that will end 

3misioner John F. Floberg resigned effective June 23, 1960. 
d ~ i ) n  K. Olson, formerly General Counsel, was appointed by tlie 
-dent and confirmed by the Senate, and sworn in on June 2'3, 1960 
' missioner for the unexpired term of Commissioner Flokrg 
I pill end June 30,1963. 

issioner John H. Williams resigned effective June 30, 1960. 
illnrd F. Libby, Pnirersity of California. and former Atomic 

-7 Commissioner, was appointed on June 13, as a member of the 
1 Advisor)- Conmiittee for the unexpired terni of Robert E. 

L :. that   ill elid A11gu<t I. 1962. 
p Hmge Abelson n.as xppointed as a niember of General &4d- 

-7rommittee for the uiicspired term of the late .James IT. McRae, 
re tJul;r 14. 1960 and ending August 1, 1960, and for C? n e r  term 

=;I1 expire ~upus- t  I. 1966. 
E Paul W. 3fcDaniel. formerlr Deputr Director. Division of Re- 

g appointed Director. effective i f a y  20, 1960. 
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TT. 

of 

500 

Morse Salisbury, formerly Director, Division of Inf ormatioo 
ices, was appointed Assistant to the General Manager 
May 2’7,1960. 

Duncan C. Clark, formerly Assistant Director for Public 
mation Service, Dirision of Information Services, wa 
rector, Office of Public Information, effective Allay 27, 1960. 

mation Service, Division of Information Services, was app 
rector, Office of Technical Information, effective May 27, 
left the Commission effective August 27, to the Kational aerona 
and Space Administration. 

Lawrence D. Low, formerly Chief, Materials Impwtion B~ 
Division of Inspection, was appointed Director, Division of c0 
ance, effective Nay 27,1960. 

Neil D. Naiden, formerly Deputy General Counsel, was a 
Acting General Counsel, effective July 12,1960, and Genera1 
effective December 19. 

Harry Gorman, formerly Manager, Lockland Aircraft 
Operations Office, resigned June 5, 1960, to go to the Nati 
nautics and Space Administration, AIarslisll Space Pli 
Huntsville, Ala. He was succeeded by John L. Was0 
Deputy Manager at  Lockland. 

Robert H. McCulloh, Manager, Portsmouth Area 0 
effective July 29, 1960. He was succeeded by Robert K. 
formerly Chief, Operations Branch, Portsmouth Area Ofice, 
July 30,1960. 

Donald F. Musser, formerly Director, Division of Nuclear 
Management, was appoinhd Technical Advisor of the 
Delegation to  the Conference of the Ten-Nation Committm on 
armament, Geneva, Switzerland, effective March 7, 1960. 

Douglas E. George was designated Acting Director of the Div 
of Nuclear Materials Management. 

Amasa S. Bishop, Scientific Representative at Brus 
resigned effective Narch 18, 1960. He mas succeede 
Sievering, who had been serving as Reactor Technolo 
the Brussels Office. 

Edward J. Brunenkant mas designated Acting Director, 
Technical Information, effective August 29, 1960. 

John R. Moore, formerly Director, Office of Contrac 
ferred to Oak Ridge Operations Office as Assistant hfanager 
ministration, effective September 18,1960. He was suc 

Melvin S. Day, formerly Assistant Director for Teclmical Znr 

Thciquerra, formerly Assistant Director for Safeguards, J)i 
International Affairs, effective October 31. 

b g q o  
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ifa(ltim )f Informatioh T?I 

. 24, the titles “Assistant Gene~*al 3Ian:tger“ and 
General &Imager for Administration” were exchanged, 

the other, to cover more suitably the functions of the two 
The change was one of title onlj. 

e Afay 27, the Division of Information Serrices was reorgan- 
new organization elements. Public information functions 

to a newly established Office of Public Informa- 
Technical information 

re assigned to a newly established Office of Technical In- 
responsible to the Assistant General Manager for 

tive August I, the activities involving the direct inspection of 

Manager %* 
I #  ... r..,*fl~-e. 

eflt?p,i 
1, 

to the General Manager. 

were transferred to the Division of Compliance. 

1 Committee on 

ector of the Dir 
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ORGAXIZATIOP\’ AXD PRISCIPAL STAFF OF 11T.S. Q T o J ~ ~ ~  xxIzk,i7 
co3m ISSIOS 

------------ Atomic Energy Commission-------- ,JOHS A. JICCOSE, C ’ J ~ ~ ; , ~ ,  
JOHS S. GIXHA~I 
LOREX I<. O L S O ~  
ROBERT E. l l T ~ ~ s o x  
Vacancy 

General hTanager--- ---- ----------- ALVIN R. LGEDECK~ 

Special Assistant to General 
Manager (Congressional) ---- RICHARD X. DoxoyAx 

ager- - - - - _- -_ - - ---- -- - - -- - - - - MORSE S A L I S B ~ ~  
Deputy General Manager---------- ROBERT E. H o L T , I ~ ~ ~ ~ ~ ~ ~  
L4ssistant General &Tanager--------- DWIGHT &4. I N K  
Assistant General Manager for Ad- 

ministration --_--- --_------------ HARRT S. TuyxoR 
,4ssistant General Xanager for In- 

ternational Activities------------ JOHK A. HALL 
Assistant General Manager for 

Manufacturing _----_ ------- ------ E. J. BLOCH 
Assistant General Manager for 

Regulation and Safety -_____----__ T ; I T ~ ~ ~ ~ ~ ~ ~  F. FIXAS 
,4ssistant General Manager for Re- 

search and Industrial Develop- 
ment _ ~ _ ~ ~ _ - ~ _ ~ ~ ~ ~ - ~ ~ - ~ ~ ~ _ _ _ _ _ _ _ _  A. TAMIKARO 

Hearing Examiner-------- ---- ---__ SAXITEL ITT. JEXSCH 
Controller -_____-__---____--------- Dox S. BURROWS 
General Counsel _______-_--_--___c_ NEIL D. NAIDEK 
Secretary to the Commission -__-__-_ W. B. MCCOOL 
Direct or, Office of Contract Policy-- JOHN V. VIX’CIGUERR~ 
Director, Office of Headquarters 

Services _________--____-__--_____ EDWARD H. GLADE 
Director, Office of Health and Safety- NATHAN H. WOODRW 
Director, Office of Industrial Rela- 

Director, Office of Isotopes Develop: 

Sssistant to the General Man- 

, .  

. . .  

tions ___-__-___-_-_______________ OSCAIF: S. SMITH 

ment _______-_____-_--___________ PAEL C. AEBERSOLD 
John A. McCone was chairman during period covered by this report. He 

tire January 20, 1961. Glenn T. Seaborg was nominated to succeed him. 
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&or, Division oj 
+& Bhnagement, 
,wtor, Division of : 
&or, Division of 1 
Mor, Division of I 
mt ---a_- - ---___ 
‘Bctor, Division of . 

mor, Division of 
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LLISBURY 

3. H O L L I X G S ~ ~ ~ ~  It 

*4. I N K  

i. TRAYKOR 

. HALL 

AOCH 

1 F. FIXAS 

MAR0 

W. JEXSCU 
BURROWS 
, NAIDEX’ 
ICCOOL 
‘. VISCIGUEREA 

< H. GLADE 
T H. WOODRCFF 

5. SXITH 

MANAGERS O F  OPERATIONS OFFICES AND AREAS 

sperque (N. Mex.) Operations 
..-le, m, __________________________ KENXERF.HERTFORD 
hrlington (Ioaa) Area _____--_ E. W. GILE~ 
:$$on (Miamisburg, Ohio) 

b a s  City (Mo.) Area _ _ _ _ _ _ _ _  WALTER C. YOUNOS, Jr. 
h u a m o s  (N. Mex.) Area _ _ _ _ _  PAUL A. WILSON 

= m  

& h a  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  WILLISEWREAMXR 
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San Antonio (Tex.) Area ------- H. JACK B L - ~ B ~ % ~  
Pinellas (Fla.) Area _-________--  €€EKRT -4. NowaK 
Rocky Flats ((2010.) Area------ SETH R. T O O D R ~ ~ ,  ,Ir, 
Sandia (K. Mex.) ,4rea ____--__- CHARLES C. C A ~ X ~ ~ ~ ~ ~  
South Albuquerque (X. hlex.) 

Area ____________________- - - -  V'ALTI.IR IT. S T A M  
Chicago (Ill,) Operations Office----- ICEKKETH A. DuNBAR 

Grand Junction ((3010.) Operatiolls 

Hanford (Wash.) Operations Office-- J .  E. Turns 
Idaho (Idaho Falls) Operatiolls 

Lockland (Ohio) Aircraft Reactors 

Canoga Park, (Calif.) Area----- JOEL I-. LEVY 

Office _____L______________-------- ALLAK E. Jo- 

Office ____________________-_-_-_--  ~ L A N  C.  JOHN^^ 

Operations Office _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  JOHK L. WILSON 

New York (N.Y.) Operations Office-- JOSEPH C. C L A R ~  
Hartford ( Conn.) Area --_---_ - - C ~ ~ O ~  E. M&oLLEY 

Brookharen (Long Island, N.Y.) 
Area _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  E. L. VAN HORN 

Princeton (N.J.) Area __-___-_- ENZI DE R E N z I ~  

Oak Ridge (Tenn.) Operations 

Fernald ( Cincinnati, Ohio) 
Area ____________________-__-  CLARENCE L. KARL 

New Brunswick (N.J.) Area __-_ C. J. RODDEN 
Paducali (Icy.) Area _______-___ KENNEDT C. BRW- 
Portsmouth (Ohio) Area------- ROBERT H. T H A ~  
Puerto Rico (Mayaguez) Area--- JOHN I. THOMAS 
St. Louis (310.) Area _ _ _ _ _ _ _ _ - _ _  FRED H. BELCHER 

Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LAWTON D. GEIGER 

Office _____________________--__---  ELLISON C .  SHUTE 

Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBERT C. BLAIR 

Operations Office _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  STANLEY W. NITZMAR 

Office ______________________------  S. R. SAP- 

Pittsburgh, (Pa.) Naval Reactors 

San Francisco (Calif .) Operations 

Savannah River (Aiken, S.C.) 

Schenectady (N.Y.) Naval Reactors 
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ittee was established by the Atomic Energy Act of 1946, and con- 
llm 
,Eltier the Atomic EnergS k t  of 1954, to make “continuing studies of 
,ities of the Atomic Energy Commission and of problems relating to 
ploprnent, use, and control Of atomic energy.” The committee is kept 

informed with respect to the Commission‘s actiyities, Legis- 
?l;.ting primarily to the Commission or to atomic energy matters is 

the committee. ’ The committee’s membership is composed of 9 Axem- 
;he Senate and 9 Nembem of the House of Representatives. 

$entatire CHET HOLIFIEID (California), Chairman. 
IW- 
gtOr CLIXTON P. AXDERSOTU’ (New Mexico), rice  Chairman. 
stor RICHARD B. RUSSELL (Georgia). 

stor ALBERT GORE (Tennessee). 

4tor.BOURGE B. HICKEXLOOPER (Iowa). 
Itor HEKRY c. DWORGHAK (Idaho). 
%tor GEORGE D. AIKEX (Vermont). 

ITALLACE F. BEXNETT (Utah). 
entative AfELVIX PRICE (Illinois). 
mentntive WAYNE R’. ASPINALL (Colorado). 
mntatire ALBERT THO MA^ (Texas). 
e n t a t i r e  JASf ES E. T A X  ZAKDT (Pennsylvania). 
mentatire CRAIG HOSMER (California). 
mmtfitire l f2LLIAN H. BATES (Massachusetts). 
wntatire JACK WESTLAND (Tl’ashington), 
wntatire THOMAS G. 3fonRIs (Xew Axesico). 

flMEs T. RAJfEY, Ezeczctive Director, 

Joaa 0. PASTORE (Rhode Island). 

H E X R S  31. JACKSOX (Washington). 

illilitary Liaison Committee 

emion 27 of the Atomic Energy Act of 1934, “there is hereby estab- 
-Uilit.ary Liaison Committee consisting of-+. a Chairman, who shall be 
-:hereof and who shall be appointed by the President, by and with the ad- 
-Wnasent of the Senate, who shall serve at the pleasure of the President, 
=&I1 receire compensation at the rate prescribed for an Assistant Secre- 
:dense; and b. a representatire or representatives from each of the 

?*of the Army, S n ~ y ,  and Air Force, in equal numbers as determined 
of Defense, to be assigned from each Department by the Secre- 

%and who Kill serre without additional compensation. The Chairman 
kmitke may designate one of the members of the Committee as Acting 
p b  act during his absence. The Commission shall adrise and consult 

307 
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with the Department of Defense, through the Committee, on all 
matters which the Department of Defense deems to relate to nlilita 
tions of atomic weapons or atomic energy including the development, 
ture, use, and storage of atomic weapons, the allocation of 
material for military research, and the control of information relatiti, 
manufacture or utilization of atomic weapons ; and shall keep the bpI,a - 
of Defense, through the Conimittee, fully and currently infurnled of 
matters before the Commission. The Ikpart11leUt Of Defense. thrc,u,h 
m i t t e ,  shall keep the Coimiission fulls and CurrentlS inf orlllpd 
within the Department of Defense which the Cornmission deeuls 
development or application of atomic energy. The Departme 
through the Committee, shall have the authority to make vritt 
tions to the Comniission from time to time on matters relating to n,ili 
cations of atomic energ1 as the Department of Defense may (1 

If the Department of Defense at any time concludes that 811 

proposed action, o r  failure to act  on the part of the Conlmissiou is adT.er 
responsibilities of the Department of Defense, the Secretary of D ~ ~ ~ ~ ,  
refer the matter to the President whose decision shall be final.” 

Hon. HEXBEBT B. LOPEB, Chairnzan. 
afaj. Gen. BRUCE K. HOLLOWAY, Gnited States Air Force. 
Rear Adm. FRANK A. BRANDLXY, United States Navy. 
Brig. Gen. RALPH L. TASSELL, United States Air Force. 
Brig. Gen. DAVID C. LEWIS, United States Army. 
Brig. Gen. JOHX T. SSODGRASS, United States Army. 
Capt. JOHN N. SHAFFER, United States K a v .  

General Advisory Conmittee 

The committee’s 
e record of the 
terial. MembeI 

committee 

gtr. LESLIE SILVERMA 
mental hygiene, dii 
rersits, School of P 

Petroleum Co., Ida1 
HARVEY BROOKS, 

rniversity, Cambric 
B. WILLARD P. COX 

center, research del 

Oak Ridge, Tenn, 

This committee n-as established by the Atomic Energy Act of 19% ( 

and is continued by Section 26 of the Atomic EnergS Act of 19%. 
civilian members are appointed by the Presidenr; to advise the Comm 
scientific and technical matters relating to materials, production, and 
and developnient. Under the Atomic Energy Act, the comn~ittee shall 
least four times in every calendar year. 

Dr. KENNETH S. PITZER, chairman; professor of chemistry, Vnir 
California, Berkeley, Calif. 

Dr. PHILIP H. ABELSON, Director, Geophysical Laboratory, Cnrnqie 
tion, Washington, D.C. 

Dr. MAK sox BESEDICT, professor of nuclear engineering, 
stitute of Technologlr, Cambridge, Mass. 

Dr. TTILLARD F. LIBBY, department of chemistry, UniversitF Of Cs 
Los Angeles, Calif. 

EGER y. MUBPHREE, president, Esso Research & Engineering c0.1 L 
Dr. J. C. ~ A R ~ E R ,  president, Carnegie InstitUte Of TechnoloU, 

Pa. 
Dr. EUGESE p. ~TIGR’EB, Palmer Physical Laboratory, Pri 

Princeton, K.J. 
( Tzu0 vacancies) 

ftr. R. L. DOAN, vice 

b- FILLUhf K. ERaEp 

~ . F U N P L I N  A. GIFF( 

Dr. ROBERT A. CHARPIE, secretary; Oak Ridge Kational 
e 

Ridge, Tenn. 

5 0 0 b 8 9 b  
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Patent Compensation Board 

ittee reviews safety studies and facility license applications referred 
4 reports thereon, adrises the Commission with regard to the 
lJt propsed or existing reactor facilities and the adequacy of proposed 

~ dets standards, and performs such other duties as the Commission may 
e4 me committee's reports on applications for facility licenses become a 
,6 of the application and available to the public, except for se- 
* d d e  I-. gkrial. Members are appointed by the Commission for a term of 4 
F- and one member is designated by the committee as its chairman. 
-4 cd, committee replaced the former Advisory Committee on Reactor 
L a  

5d3 in 1957'. 
~ USLIE SILVER3f9Xy chairman : Professor of engineering in environ- ienral hygiene, director of radiological hygiene program, Harvard Uni- 
esity, School of Public Health, Boston, Nass. 

-* E L. DOAK, rice chairman ; manager, atomic energy division, Phillips 
i w l e n a  CO., Idaho Falls, Idaho. 

% WI'EY BROOKS, dean of engineering and applied physics, Hamard 
rdrersitr, Cambridge, Mass. 
;t ~ILI,ABD P. C O ~ E R ,  Jr., technical assistant to director of research 
. d e r ,  research department, Hercules Powder Co., Wilmington, Del. 

F T ~ M  E(. ERGEX, principal physicist, Oak Ridge Sational Laboratory, 

* Fsunsu~ A. GIFFURD, Jr., meteorologist in charge of the Oak Ridge Ofice, 
:5 Reather Bureau, Oak Ridge, Tenn. 
= C. ROGERS MCCULLOUGH, director of reactor safeguards (for foreign 
gmrs) and scientific adriser to board of directors, Xuclear Utility 
r-nices, Washington, D.C. 
* HEXBY W. NEWSON, professor of physics, Duke University, Durham, 

5. OSBORN, chief engineer, general chemical division, Allied Chemical 

1 ROGEBS, nianager of project analysis, Central Research Laboratory, 

~ ~ O L M A K ,  consulting engineer and professor emeritus, sanitary 

di 

Corp., Morristown, N, J. 
c. STRATTOX, consulting engineer, Hartford, Conn. 

*wring, The Johns Hopkins University, Baltimore, Md. 
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CHARLES R. WILLIANS, assistant vice president, Liberty uutu 
ance Co., Boston, Mass. 

University of Maryland, College Park, Md. 

ington, D.C. 

tute of Technologr, Cambridge, Uass. 

Dr. DICK DUFFEY, technical SeCretars; Professor of nucl 

J. B. GRAHAM, executive secretarS ; V.S. Atomic Energy co 

Dr. THEOS J. THOMPSON, director, IIIT nuclear reactor, 

ATOBIIC ENERGY LABOR-MANAGE~1EKT RELATIoE;~ 

The members of this panel were selected by the President to assist in 
at peaceful adjustments of labor-management disputes which 
Government’s atomic energy program when the normal processes 
bargaining and mediation ha\-e been fulls utilized without constrn 
The panel operates under procedures designed to accomplish this pu 

CYRUS S. CHING, chairman ; industrial relations consultant 
Director of the Federal Mediation and Conciliation Service, 
D.C. 

Rev. LEO C. BROWN, S.J., professor of eCOnOmh and director of the 
of Social Order, St. Louis University, St. Louis, Mo. 

Vice Adm. 0. S. COLCLOUGH, USS, Retired, dean of faculties, the 
Washington University, Washington, D.C. 

ROBBEN W. FLEMING, professor of law, University of Illinois, rrk 
GEORGE FRANKEKTHALER, a ttorner, firm of Frankenthaler and E ~ , ~ ~  

CHABLES 0. GREGORY, professor of lam, University of Virginia, 

RUSSELL A. SMITH, professor of law and Secretary of University of 5 

Pork, N.Y. 

ville, Va. 

Law School, Ann Arbor, Afich. 

m. RICHARD G. HEW 
Energy Commissior 

mmittee, formed in 
dtomic Energy Corn 
A. TUCKER, chairm 

of Mechanical Engil 
I W Y m  M. FEY, de1 

&mal Science Fount 
k- ALLEN G. GRAY, , 

ADVISORY BODIES TO THE ATOMIC ENERGY C O ~ I M I S S I O ~  

Advisory Committee for Biology and Medicine 
The Advisory Committee for  Biology and Medicine mas created in 
1947, on the recommendation of the Commission’s Medical Board 
The committee reviews the programs in medical and biological r 
health and recommends to the Commission general policies in th 

Dr. JOHN C. BUGHER, chairman ; director, Puerto Rico Nucl 
Piedras, Puerto Rico. 

Dr. H. BENTLEY GLASS, professor of biology, Johns Hopkins L‘ 
Baltimore, Md. 

Dr. FRED J. HOMES, professor and chairman of radiology 
radiology, University of Michigan Medical Center, Ann Arbor. 

Dr. JAMES G. HORSFALL, director, Connecticut Agricultural E W r  
tion, New Haven, Conn. 

Dr. ROBERT F. LOEB, bard professor of Chemistry, Columbia UniFe 
Tork, X.Y. 

Dr. LEONIDAS D. I~ARINEUI, associate director, radiological 
ArgoMe National Laboratory, ArgOnne, 111. 
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T-. MOORE, professor of medicine, department of internal mediche, 

.T,,-\fEs H. STERXER, medical director, Eastman Kodak Co., Rochester, 

il ir,IyiSD G. WOOD, director, biochemistr,r department, school of medicine. 
~ ,,,,,. rt,rD Reserve University, Cleveland, Ohio. 
f , ~  fIE:vE;P 1. KOHN, scientific secretary ; clinical professor of experimental 

University of California Bledical Center, San Francisco, Calif. 

Unirersits, Barnes Q Wohl Hospital, St. Louis, 310. 

Bistoricd A d ~ k o r y  Committee 
Advisory Committee was established by the Commission in 
to advise the Commission and its historical staff on matters 

~~ the preparation Of the history of the Atomic Energy Commission. 
Jb,lES p, BAXTER, 111, chairman : president, TTTilliams College, Williams- 

~~,  JOE^ M. BLU% department of history, Tale University, New Haven, 

C A W  department Of history, University of Chicago, Chicago, 

BLz E. COMPTON, Washington University, St. Louis, Mo. 
ILE~, Brookhaven National Laboratory, Upton, ~ . y .  

g PEICE, Jr., Dean, Graduate School of Public Administration, Harvard 
aj,-ersitY, Cambridge, Mass. 
~ ~ s x  T. S ~ B O R G ,  chancellor, Unirersity of California, Berkeley, 

IucIIuD G. HEWLETT, AEC representative : chief historian, U.S. Atomic 
r of Virginia, Cflat ic  Enera Commission, Washington, D.C. 

)f University of 111 ildv&ory Committee on Industrial Information 

COBTBKISSIOS mmission's industria1 information program. 
d t t e ,  formed in 1949, advises and assists in the planning and execution 

f TCCPEB, chairman ; publications business manager, American Society 
.:Uechanical Engineers, lVew York, N.T. 

~ ~ A E D  M. FRY, deputy head, Office of Science Information Service, Na- 
ad Science Foundation, Washington, D.C. -- ALLEX G. GUY, editor, Xfeta2 Progress, American Society for  Metals, 

N edic in e 
as created in SP 
edical Board @f 

hns Hopliins I 'nb ZE HESXEY, consulting editor, Nucleonics and EEectronics, EilcCraw-Hill 
+&;ishing Co., Inc. ; American Institute of Radio Engineers, New Tork, 

ON, Electric Light and PoiCer, Haymood Publishing CO., 

* R'. UAMEB, editor, Atomics, The Technical Publishing Co,, Bar- 

LANDIS, assistant manager, atomic energy division, The Babcock 

C -4. PAWLEY, research secretary, American Institute of bchi tects ,  

, olumbia f ~ ]  i T P ~  t 'f 

esenting Anierican Nuclear Society, Chicago, 111. 



312 APPE*SDIS 2 

€ 
- L'J d U f g  means of encouraging n-idescale industrial use of radioisotoDes 

radiation. and B==+ 

Dr. PAUL C. AEBERSOLD, chairman ; director, office of isotopes derei, 

Dr. JAMES F. BLACK, products research division, Esso &=arch ~~~ 

SAXTJEL E. EATOX, Arthur D. Little, Inc., Cambridge, 31ass. 
Dr. HEYRY J. GOMBERG, director, Memorial-Phoenix Project, rnira 

Dr. THORFIN R. HOGNESS, director, Chicago illidFay Laboratoriw7 I-r 

JOHN L. KURAXZ, rice president, Nuclear-Chicago Corp., Des PlaiI- 
JOHN J. RICBIAHOX, manager, marketing research, American &+a 

HOMER S. I~YERS, Fice president for marketing, Tracerlab, Inc., 11- 

Dr. LEONARD REIFFEL, director of physics research, Armour R e m e  

Dr. GLEXN T. SEABORG, chancellop, University of California. Berkelq - 
Dr. LAURISTON S. TAYLOR. chief, atomic and radiation phssim Be 

U.S. Atomic Energy Commission, Washington, D.C. 

rieering Co., Linden, N.J. 

Michigan, Ann Arbor, Blich. 

sity of Chicago, Chicago, Ill. 

Foundry Atomics, Greenwich, Conn. 

Mass. 

dation, Illinois Institute of Technology, Chicago, Ill. 

A-ational Bureau of Standards, Washington, D.C. 

Advisory Committee on Medical Uses of I s o t o p  
This coniniittee was established in 1958 and replaces the Subcornmitt@ e 
inan Applications of the Advisory Committee on Isotope Distribn&= 
committee will adrise the Commission on policies and standards for 
tion and licensing of medical uses of radioisotopes in humans. 

Dr. WALLACE D. ARNSTBONG, professor, University of XinneWB 

Dr. RETXOLDS E'. BROWX, department of radiolom, UniversitF d' 

Dr. D o s . 4 ~ ~  S. CHILDS, Jr., section of therapeutic radiol",T* ''SF 

School, Minneapolis, Rlinn. 

Medical School, San Francisco, Calif. 

Rochester, Xlinn. 

5 9 [? q 0 6 
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COOPER. assistant dean, Xorthu-estern Vni-rersity Xedical 

I;EL?RGE T ~ .  ~ ~ ~ 0 s .  associate dean, Division of Biological Sciences, Uni- 

~ I M B T ,  associate professor of radiology, College of Physi- 
, Columbia University, Sew Tork, N.Y. 

RAWSOS, Mernorial Hospital, Sew Tork, N.T. 
pnns 

plo zcshaiae ,4dc k o r y  Committee 
ad\risory Committee was established in September 1959. The 

.s 
is to advise the Commission and the General Xanager on 

and carrying out particular Plowshare Projects ; developing and mak- 
icntions of Plowshare ; and determining the general 

and policies of the Plowshare program. 
wFFORD G. ESGLISH, chairman : special assistant to the General Man- 

C.S. Aktoniic EnergS Commission, Tashington, D.C. 
Ip H. &ELSON, director, geophysical laboratory, Carnegie Institu- 

BAsCO&f, technical director, The AMSOC Committee, Pl'ational 

pace Technology Laboratories, Inc., Los 

of medicine and dentistry, University of 

of chemistry, University of California, 

@derny of Sciences, Washington, D.C. 

kchfiter, Rochester, X.T. 

ACE, 11, Lnvelace Clinic, Albuquerque, PI'. Nex. 
LIN, president, Homestake Mining Co., San Fran- 

artner, Moran, Proctor, Mueser & Rutledge, New 

an, conservation program, Tale University, New 

sor, sanitary engineering, The Johns Hopkins 

Advisory Committee on Reactor Physics 

ttee is appointed to consider the status of the development of reactor 
rrmation required for the development of reactor concepts and the 

Suclear physics d a h  and reactor physics 
red for the design and development of reactors are reriewed and 

The conimittee's reconiniendRtions and advice a re  US& in planning 
and dereloiment work in the field of reactor physics. 
F. ZARTJL4S'. chairlllan ; chief, reactors physics branch, division of 
r development, U.S. Atomic Energy Commission, TTashington, D.C. 
RICnARD COIIES, research adviser, Atoniics International, xo r th  

fitan A4riation, ~ n c . ,  Canoga Pari;, Calif. 
'DE DE BOISBLAPITC, director, reactor physics and engineering, Phillips 

rs. 

CO. ,  Idaho Falls, Idaho. 
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Dr. GERHARD DESBAUEB, director, physics section, E. I. du pant de ~(., 

w 

Dr. NILTOR EDL‘L’KD, manager, 1)hysics and nlathenlatics deI,arLn,pr,, 

Dr. RICHARD EHRLICH, Snolls Atomic Power Laboratory, G~~~~~~ E 

Dr. PAVL F. GXST, manager, physics and instrument research Qr l  

Dr. GORDOX HASSEN, Los Alamos Scientific LaboratorF, Los A ~ ~ ~ ~ , ~  .I k 
Dr. IRVING KAPLAN, professor of nuclear engineering, MasSachuqtt e- 

6s Co., Inc., Aiken, S.C. 

COCB & n’ilcos Co., Lynchburg, T’a. - 

-4 Co., Schenectady, K.S. 

nient, General Electric CO., Richland, TTftsh. 

*; 
LZ Lute of Technology, Cambridge, Mass. 

Brookhaven National Laboratory, Upton, Long Island. IS.~. 

Pittsburgh, Pa. t 

Dr. HERBERT J. C. KOUTS, es~ierimental reactor physics Group i k -- 
Dr. SIDNEY KRASIK, Astronuclear Laboratory, n’eStinghoupe E ~ ~ ~ ~ ,  

Dr. F. C. MAIERSCHEIN, Oak Ridge Sational Laboratory, Oak R. 
Dr. THEODOEE MEKKLE, associate director, Pluto Project, ‘ 6 ~ ”  diT&EB . 

Dr. JOHN Vi’. MORFITT, manager, nuclear development laboratorf, 

Dr. THOMA M. SNYDER, manager, physics--APED, Vallecitos atow, I * 
Dr. BERSARD I. SPINRAD, director, reactor engineering diyision, 

Dr. Jonrv J. TATLOR, T’Testinghouse Electric Cow., Bettis Atomic p9 

Dr. PAUL F. ZWEIFEL, professor of nuclear engineering, cnjvpp ~~ 

Dr. ALVIN RAKOWSKY, secretary : division of reactor derelopmt 

Advisory Committee for Standard Reference Jfaterkts and lc: 

‘dac if_ = 

Electric Co., Cincinnati, Ohio. ””+ 

Y I  rence Radiation Laboratom, Lirennore. Calif. 

ratory, General Electric Co., Pleasanton, Calif. 

R’ational Laboratory, Lemont, 111. 

Div., Pittsburgh, Pa. 

Michigan, Ann Arbor, Mich. 

Atomic Energy Commission, Washin@on, D.C. 

of Measurement 

The committee was originally established by the Commission in Nan3 
the Committee for  Uranium Isotopic Standards. The Commission a 
reconstitution in January 1958 under its present title to reflect the 
scope of its activities. The committee reviews, evaluates and 
for providing standard reference materials (i. e., certified ch 
standards for uranium, plutonium, etc.) and approred methods of 
for materials of special importance to atomic energy activities. 

Dr. SAMUEL C. T.  DO DO WELL, chairnlan; chief, chemistry an3 
branch, division of nuclear materials management, U.S. Atnmk 
Commission, Washington, D.C. 

RALPH J. JONES, division of nuclear materials management, rS 
Energy Commission, Washington, D.C. 

Dr. CHARLES F. M E m ,  group leader, analrtical chemistv S O 0  

and n~etallurgical research division, Los Alamos Scientific 
Los Alamos, N. Mex. 

Dr. HORACE W. NORTON 111, professor of statistical d e s i t ~  and 
University of Illinois, Urbana, 111. 

AdWi 
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,,nittee established by the Commission in September 1955 as a 
obtaining the views and advice of State regulatory agencies in connec- 

Atomic Energy Commission's regu1ntor.r activities in the field of 
alth and safety. It was expanded in 1960 in order to draw on a 

section of experience in furnishing guidance in the iniplementation 

r L. BATT, Jr., secretary, Department of Labor and Industry, 

syAToRE A. BONTEMPO, Commissioner, Department of Conservation and 

~~~~ n. BRECKIKRIDGE, attorney general of Kentucky, Frankfort, Ky. 

ission's program with respect to State cooperation. 

uIsrrisburg7 Pa- 

t;cclIlomic Development, Trenton, K. J. 

B E B s a ~ ~  BUCOVE, director of health, State Department of Health, 

R, L. CLEERE, esecutive director, State Department of Public Health, 
~ t t ~ e ,  r a s h -  

knrer, C O ~ O .  
r_w4$ A. ERBE, attorney general of Iowa, Des Moines, Iowa. 
ms 3l. EVARTS, Jr., state sanitary engineer, Oregon State Board of 

-s F~ASURE, department of political science, West Virginia University, 

L ~ F S  G. FROST, deputy attorney general of Maine, Augusta, Blaine. 
g, ~ A R D E R  GRENDON, Coordinator of Atomic Energy Development and 

E -  *= ALBERT E. HEUSTIS, commissioner of health, Michigan Department 01 

f Hnlth. Lansing, Iiich. 
Hmum E. HILLEBOE, commissioner of health, State Department of 
&h, Lansing, Mich. 

~ TT. KLASSEX, chief sanitary engineer, Department of Public Health, 
mgfield, Ill. 

=.. UOBBIS ELEIXFELD, director, division of industrial hygiene, Department 

f. L ~ T O K ,  executive director, mater pollution control authority, South 
krolina State Board of Health, Columbia, S.C. 

Health. PortIand, Oreg. 

gogantown, TT'. T'a. 

Radiation Protection, State of California, Sacramento, Calif. 

/ = ~ i .  4 Labor, Xew Tork. X.Y. 

I- - N. J l s ~ x ,  coordinator, Atomic Development Activities, Greenwich, 1 :..?In. 
+a 11. ~ I A S O N ,  director, bureau of -environmental health, Pennsylvania 
-7Qrtment of Health, Harrisburg, Pa. 

c 
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Laboratoq, Los Alamos, S. Xes. 

Alilerican Aviation, Inc., Canogn Park, Calif. 

Palo Alto, Calif. 

Ill. 

Laboratory, Lemont, 111. 

at Los Angeles, Calif. 

Dr. JOHR P. HOWE, chief research department, ~4tOmiCS International, :., 

Dr. FRANK C. HOST, Missiles System Dirision, Lockheed Aircraft r.- 

Dr. WARREN C. JOHNSON, vice president, University of Chipago. 

Dr. WIXETON 3%. ?)TANNING, director, chemistry division, Argonne x a h  

Dr. J. REGINALD RICHARDSOR’, professor of physics, University of califp 

Metallurgy and Materids Advisory Panel 

This panel was established in October 1955 to advise on the Cornmi- 
research program on metallurgy, solid state physics, and ceramics. 

Dr. HARVEY BROOKS, dean, division of engineering and applied p b -  
Hamard University, Cambridge. Mass. 

Dr. MORRIS COX-TEX, department of metallurgy, Massachusetts Instfrr* * 
Technology, Cambridge, Mass. 

Dr. 3lAsw’Ex.L. GENSAMER, department of metallurgy, Columbia cri&m 
,h;e.cr Pork, K.Y. 

Dr. JOHN P. HOWE, chief, research department, Atomics Internti%= 
division of Sorth American Aviation, Inc., Doxney, Calif. 

Dr. ,~LBERT R. KAUFMANN, vice president, Xuclear Rletals, Inc., 

Urbana, Ill. 

&is panel was appoi 
emmendations to T 

and procedure 
J o a ~  A. DIER’NER. 
&SPE& w. OOMS, 
Ill. 

JOEN C. STEDMAK 

Pf 
board wag appoir 

Wty cases which 2 
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c. $LATER, department of physics, Xassachusetts Institute of 

DrJY3L.D fi. STEVEES, division of research, U.S. Atomic Energy Commis- 
D;e&nolo,. af 1 Cambridge, Mass. 

Fr* .\Tnshington, D.C. 
&?JL 

,Vuclear Cross Sections Adzisory Group 

is appointed on a yearly basis to make a continuing review of the 
&. .* pup -ram of nuclear cross-section measurements, and to evaluate ctluLdon's pro- 

cross-section information in the various actirities of the Commis- 
&js fo pollowing members were appointed to serre from July 1959 to July e D e  

$, 

@- JosEPg 5. Fo\.VLFR, chairman; Oak Ridge R'ational Laboratory, Oak 
Vi' - 

Ridge, Term. 
G ~ ~ J R ~ E  L. Roaosa, vice chairman; division of research, U.S. Atomic 

py.,nm- (;ommission, Washington, D.C. I&-.- 0- 

jbcOg BENVENIGTE, Lawrence Radiation Laboratory, Livermore, Calif. 
L o m ~ ~  N. BOLLINGER, Argonne National Laboratory, Lemont, Ill. 

BOKNER, department of physics, Rice Institute, Houston, Tex. Uf. 
zlr* Dt U~%EIPCE CEANBERG, Los Alamos Scientific Laboratory, Los Alamos, 

s. Xes. 
 lo^^ El. EVANS, Phillips Petroleum Co., Idaho Falls, Idaho. 

y,. - - 

Pt. M. HERBERT GOLDSTEIN, Nuclear Development Corp. of America, White 

I,r, ROWEN R. LEOKARD, General Electric Co., Richland, Wash. 
IIr. HENRY IT'. KEWSON, department of physics, Duke University, Durham, 

Iyr. JACK 31. PETERSON, Lawrence Radiation Laboratory, Livermore, Calif. 
pr. L. JAY ES RAINWATEB, department of physics, Columbia University, New 

11;. VAXE L. SAILOR, Brookhaven National Laboratory, Upton, Long Island, 

Ltr. ALAR B. SMITH, *4rgonne National Laboratory, Lemont, Ill. 
k. JOHN A. HARVEY, secretary ; Oak Ridge National Laboratory, Oak Ridge, 

G. FLUHARTY, Phillips Petroleum Co., Idaho Falls, Idaho. 

pIaiIl5, X.Y. 

S.C. 

fork, S.Y. 

S.T. 

Potent Advisory Panel 
%!el was appointed in January 1947. It makes informal reports ana 
==mendations to the Commission and its staff on various questions of 
q and procedure relating to patents and inventions. 
!xis A. DIER'NER, Brown, Jackson, Boettcher & Dienner, Chicago, Ill. 
CWEB R. OOMS, firm of Ooms, McDougall, Williams 6: Hersh, Chicago, 

h y  C. STEDMAR, Universitay of Wisconsin Law School, Nadiwn, Wis. 
IIl. 

Personnel Security Review Board 

Bb Was appointed in March 1949 primarily to review spec& PerSOnnd 
ages  which arise under the Commission's administrative review pro- i 
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D.C. 

The appointment of this group =as authorized in aiay 1948 to adriri, - %  
~ t o m i c  Ellergy Commission and i ts  Contractors on problems in the treatm- i 
and control of gaseous effluents. The group meets formally a t  irregular ip, ' A  

vals but renders continuing assistance in the field of air cleaning thhp 
Sp&fjc research and development Work directly by individual memben 
individual consulting advice to the various Commission installations. 

Dr. PHILIP DBINKER, Professor of industrial hygiene, Harrard cniTv 

Dr. LYLE I. GZLBERTSOK, director, research and engineering depa- 

A. E. GORMAN, consultant, U.S. Atomic Enerl=S ammission, Rash' 1- 

Dr. H. FUSEE JOHNSTOKE, professor of chemical engineering, rnirff, 

Dr. CHARLES E. LAPPLE, Stanford Research Institute, Menlo Park, Q ~ :  

Dr. J. A. LIEBERMSN, division of reactor development, US. Atomic 

Dr. J F ~ L I A M  p. YAET, director of research and development, Mine 

Dr. AUEL WOLMAN, head, department of sanitary engineering and 

School of Public Health, Boston, Mass. 

Air Reduction Co., Inc., 3lurray Hill, N.3. 

D.C. 

of Illinois, Urbana, Ill. 

Commission, Washington, D.C. 

Appliance Co., Pittsburgh, Pa. 

resources, The Johns Hopkins Unirersity, Baltimore, hld. 

-e&tlrc _ _ _  _-- - ---- --_ - 
_-f Director- ----___ 

pKiste Director for E( 
jate Director for Hi 

Director------ 
Manager ---____ 

mger, Technical Semi 

raiated Midwest Uniu, 
Bttelle Memorial Insti 
.'unegie Institute of T< 
&e Institute of Techn, 
mois Institute of Tecl 
Sdiana University 
&a State University 
Eutsas State UnirersitJ 
&Ola University (Chic 
h n e t t e  University 
b o  Foundation 

igan College of B1in 
~echnology 
man State Unipersi 
-western uu i ver si tJ 

State University 
moms State vniyers 
W Q ~  University 



or _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. ITORMAN HILBERRP ering, 'C'niwMQ 

110 Park, Cali?. 
S. Atomic Thew 

nent, Mine S;ateT 

leering and it'atw 

. . . . . . . . . . . . . . . . . . . . . .  DI-. LOL-IS A. TURXER 
ducation _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. FRBNK E. MTERS 

Director for High Energy Physics---. Dr. ROGER H. HILDEBRAND 
Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. JAMES R. GILBREATH 
jiannger ___________________________  JOHN H. RICKIKLET 

fer, Technical Serl-ices _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  JOHX T. BOBBITT 

J~ Midwest Universities : 
.,de Uemorial Institute 
5gie Institute of Technology 

St. Louis University 
State Unirersity of Iowa 
University of Chicago 
University of Cincinnati 
Universitx of Illinois 
University of Kansas 

tate Tjnirersity University of Michigan 
University of Minnesota 
University of a1 issouri 
Unirersity of Nebraska 
UniversitF of R'otre Dame 
University of Wisconsin 
Washington University (St. Louis, 

Institute of Technology 

ollege of Mining and 

Restern University 310. ) 
Ute CniT-ersity WaFue University 

rima State Uniyersity Western Reserve University 

3 19 
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Chairman, Board of Trustees---------------- Dr. CABL c. C H A U ~ ~ ~  
Acting President, AUI and Laboratory Direc- Dr. LELAKD 3. H A K ~ ~ ~  

Deputy Laboratory Director-_,-------------- Dr. GEBALD F. TAPE 
Assistant Director _________---___--- -------- R. CHBISTIAX A x ~ m ~ ~ ~  
Assistant to Director ________-_-__--- -------- SAM- bl. TUCX~ 
Assistant Director -__________--_------ ------ Dr. CHARLE~ E. F~~ 
The participating institutions are : 

Colunibia University Princeton University 
Cornel1 University Universie of Pennsylyaaia 
Harrard Unirersity University of Rochester 
The Johns Hopkins University 
Massachusetts Institute of Technology 

tor. 

Tale University 

Xnolb Atomic Power Laboratory (General Electric Co., contrwm 
Sclienectady, N.Y. 

General Manager and Manager, Natural Cir- 

Manager, D1G Project _____________-_________ K. A. EESSELBING 
Manager, A’CR Project _______________-__-___ J. D. SELBY 
Manager, SAR Project _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. C. RUMBAUGH 

B. H. CALDWEU, JR. 
culation Reactor (NCR) . 

Los  Alamos Scientific Laborato (University of Californk 
contractor), Los A Y amos, N. Mex. 

Director -___________________---_-,--------- Dr. XOBRIS E. BBADBCRT 
Technical Associate Director _,______________ Dr. DUOL K. F~asf.4S 

Hound Laboraltory (Xonsanto Chemical Co., contractor). 
Miamisburgh, Ohio 

Project Director (Vice President and General 

Plant Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  DAVID L. SCOTT 

H. E. NA60N 

Manager, Blonsanto Chemical Co.) . 

G& Ridge h’atior, 
liirision of Unior 

mica1 Director and 
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TUCKER 
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niver sity 
rf Pennsxlrnnia 
,f Rochester 
s i t y  

~VELL, JR. 

ELRIN a 

3AUGH 

of California, 

; E. BEADBURS 
K. FROMAN 

*¶ contractor) 

titute of nTuc7ear Studics (contmctor), Oak Ridge, 
Teim. - *  I -  -* fling8 I.ns 

of ~~~titute------------- --------__. Dr. PAUL 31. GROSS 

d@e 
lto 

dl- 

,,u~orl a 
eft ltnral and Alechanical College University of Alabama 
@" University of Arkansas 
-: 3er@ 
t '  a polytechnic Institute Ziniversitr of Florida 

University of Georgia 

of Institute --------------_ ~ r .  WILLIAM G .  p o L u B D  
$1 *p of Council------------------ -----_. Dr. R. T. LSGE3fANN 

-$iflb8jn,,an of cOIlUCil-.--- --_-____---_____ Dr, v. P.4RKER 

universities of the Institute are : _ -  

*:'ut" bc university of A4merica 
Agricultural College University of Kentucky 
irersity University of Louisville 

L* fs,lry Cniversity UniVerSity of Maryland 
fniversity University of Miami 

I?;ridn State University Gniversity of Mississippi 
p' I&tute of Technology University of Kor th  Carolina 
:kswna State University University of Oklahoma 

rn gedical College University of Puerto Rico 
University of South Carolina !@ - ds;ippi State College gs Carolina State College University of Tennessee 
University of Texas %&h Testis State College 

E=T Institute University of Virginia 
%Sd -them JIethodist University T'anderbilt University 

Cniversitg of Louisiana Virginia Polytechnic Institute 
F k p  Institute West Virginia University 
*exas voman's University 

<&?an 

2 Ridge National Laboratory (Union Carbide Nuclear Co., 
;~f\-iaion of Union Carbide COT., contractar) Oak Ridge, Tenn. 

: gaterials DeveZoprnent Laboratory (National Lead Co., con- 
tractor) , Winchester, Mass. 

h -.mal Director and Manager _ _ _ _ _ _ _ _ _ _ _ _ _ .  CHARLES K. MCARTHUR 
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5 
0 

19 
1 
0 
4 
3 
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19 
0 
4 
3 
6 
4 
G 
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ColleFes 
and uni- 
rersities 

0 
0 
1 
0 
0 
1 

0 
2 
1 
0 
0 
1 
1 
2 
0 
0 
1 
1 
0 
1 
6 
1 
2 
1 
0 
0 
0 
0 
0 
0 
0 
2 

* 1  
0 
2 
1 
0 
0 
3 
0 
0 
0 
1 
0 
4 
0 
0 
1 
2 
0 
0 
0 

9 
I 

Industrial 
firms 

- 

2 

, 

! 

( 

( 
1: 

3t 

1 

2; 
4 
1 
a 

22 
2 
0 
3 
0 
6 

15 
4 
0 
3 
3 
4 
4 
2 

41 I-& 

I.R. 
I 

1 
0 
0 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
2 
2 
0 
1 
0 
2 
0 
0 
1 
2 
0 
2 
0 
0 
0 
0 
0 
3 
0 
3 
0 
1 
4 
1 
1 
0 

0 
0 
2 
0 
0 
6 
0 
0 
0 
2 
0 
1 
0 

- 
I 

ratories institutes 

I 

C.D.1 

k l  i l  
1 

10 
r 
I 

1 

3 
6 

9 
I 

8 5 
1 0  
0 0  
5 3  
3 1  
5 4  
5 5  
8 5  
2 1  
1 0  
9 6  
3 3  

15 12 
8 8  
0 0  
3 1  
0 0  
3 0  
0 0  
0 0  
5 2  
1 0  

3 3  
12 8 
4 2  

14 13 
0 0  

11 6 
0 0  
1 1  
8 1  
0 0  
3 2  
9 4  
0 0  
0 0  
4 1  

14 13 
17 16 

10 - 
7 ;  

- ; ;  

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Other Total 

-1- 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

10 
3 

12 
5 

109 
19 
23 
4 
8 

23 
18 
3 
1 

38 
19 
15 
12 
17 
9 
7 

14 
35 
36 
12 
5 

18 
1 

10 
3 
0 

34 
6 

81 
12 
5 

56 
12 
23 
0 

56 
3 
1 

15 
4 

12 
47 
4 
4 

11 
25 
25 
18 
4 
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LOC.%TIOS ASD TYPE O F  LICEXSEES 

February 10, 1036 through Soyember 30, 1960 
I 

---?-- I I I 

*p.p.-private practice. 
tI.R.--Industrinl radiography. 
$C.D.--Civil defense. 

a P U E S T S  O F  RA 
k 

6fnd of Isotope 

RESEA F 

I RADIOISOTOI 



1 
0 
0 
0 
4 
1 
1 
0 
2 
0 
0 
1 

0 
0 
0 
0 
1 
0 
2 
5 
0 
0 
0 
(I 
0 
0 
0 
0 
1 
0 

12 
0 
0 
4 
1 
1 
0 1  

0 1  
0 
0 
0 
4 
0 
0 :/ 
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y ; T ~  OF RADIOACTIVE ISOTOPES TO FOREIGX COUKTRIES 

&€@- 
Dee. 1, Total 
1959- Jan. 1, 

Pior. 30, 1947 to 
C l W t ~  1960 h-or. 30, 

1960 

24 I '" 1 
70 ! 
3 

297 
0 

1,461 
23 
49 

113 
11 

128 
129 
12 
20 
4 

24 
20 

146 

260 
0 

48 
1 

42 
1 
0 

18 
1 
1 
3 
1 

47 
81 

347 
67 

195 
419 
21 
18 

405 
23 

1,322 
6 

5,016 
251 
132 
222 
26 

993 
540 
47 
73 
28 
30 
73 

491 

611 

112 
5 
5 

123 
7 
9 
3 
1 

1.467 
76 

Dec. 1, Total 
1959- Jan. 1, 

Country SOT. 30, 1947 to 
1960 ivov.30, 

1960 

1 
84 
0 

109 
1 

25 
22 
50 
1 

22 
8 

89 
92 
11 
77 
0 
1 

11 
5 
5 

304 
86 
0 

16 
0 
3 
3 

69 
205 
12 

193 

13 
3 
0 

32 
651 

51 
352 

7 
50 
50 

197 
24 
52 
1.5 

308 
338 
13 

119 
1 
3 

18 
16 
43 

1,178 
235 

2 
57 
4 

12 
3 

133 
632 
25 

863 

33 
24 

489 

1 I I' 
r d y f i p o r t e d ,  i.e., Hawaii, Puerto Rim, etc. 
~ 

j 
~ E S T S  O F  RADIOACTITE ISOTOPES TO FOREIGN COUNTRIES 

1 I I I I  

I I  1 1 I I 

RESEARCH AND DEVELOPMENT CONTRACTS 
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Air Reduction Co., Inc. 

Arnzour Research Foundatio??. Research Study 011 Seutron Interactio4\ 

Armour Research Foziitdation. Radiation Synthesis ID\~olviug ual(, 

Arinozir Research Fouitdution. Feasibility Study o f  a Kew ~l~~~ F,c,I, 

Arnzour Research Fozcndation. Studies of Suclear Resonant A~bsc,rl,tif,n ( 

ma Rays. 
Army Pictorial Center. Production o f  a Training Film on Industria, .ii 

tions of Radioisotopes. 
Battelle Nentorial Institute. Developnlent of Process Control by 

of It, 
Radioactive Tracers. 

BattelZe Mentorial Institute. Effect of  Phase on the Radiation Induced ,. - I!%._ of  Hydrocarbons. 
Battelle 211 entorial Inst itzc fe. Radiation Induced Graft PolrnlerizatirJn Ftr. 
Catholic University of America. Limiting Factors in Rapid IdentifiQ.,, ~ 

University of Chicago (Cl i i cago  Uidauay  L a b . ) .  Radioisotope Resear&, 

Consolidation Coal Go. 

Promotion of Chemical Reactions csing II. 
Fields in Conjunction with Beta Radiation. 

ter as Related to Image Forniation. 

Compounds. 

+- 

Selected Materials by Kiiclear Techniques. 

ment and Related Sctivities. 

Coal-product Hydrocarbon Mixtures of High IIolecuIar lveight to I ~I * 
in Development of Methods for ApplFing Tritium Tracer Technique;, I- L L -  - 
dustrial Problems in the Processing of Coal. 

&qE=%g 

Development of Techniques for 'Jhitium 
ha& 

-* 

Curtiss-wright Gorp. Food Process Derelopment Irradiator. 
Evans Research and Development Corp. Development O f  a Beta Partiric 

Florida State University. Development of  Ilr'eutron Activation and 1 

Georgia Institute of Technology. Radioisotow Research, Development 

Goodyear Tire  and Rubher Co. Isotopic Method f o r  Age Determination. 

Interior, Department of-Bureau of Conimercial Fisheries. Analysis of 

Interior, DepartmeYlt Of-Bureau of ConimerciaZ Fisheries. Effect of  Ina 

Scattering Technique for Small Particle Snnlysis. 

chemical Analytical Jlethods for Antimony and Bismuth. 

lated Activities. 

dustrial Products. 

Factors, Affecting Radiation Processing of Fish. 

of Radiation on the Essential Amino acids and B-Vitamins O f  k d d - i  

lets and Soft Shell Clam Meats. 
Joint Research Project Inr 

Coal, Iletallurgical and Petroleum Investigations Using a Hi@ IC: 

~ 

Interior, Department of-Bureau of Mines. 

Source of Gamma Radiation. 
Interior, Department of-Geological Xurvey. Research and Development 

Involving Use of Radioisotopes in Various Hydrologic Investigatic)@ 4 
Iizternal Revenue Service. Joint Research -Project for the Deterrninntint &4 ~ 

~ 
- 

of Distilled Spirits by Means of Radioactive Hydrogen. 

Water Resource Investigations and Utilization. 

Fast  Primary Ion Reactions from Electron Impact. 

Application of Isotope Techniques, Especially In Sitzl Tracers. 

Isotopes, Inc. 

Johnston, Wil l iam H .  Laboratories, Inc. Basic Studies in Radiation 

Johnston, William H .  Laboratories, Inc. Basic Studies and Developma! ' 

Study of Potential Applications of Radioisotope Tech 



Tecllaole3 Research Grotrp ( T R G ,  m c ) .  Synthesis of Selu 

on Ttqbn'7ilf Research Foicndatiolz. Radioisotope Research, 

elopntent ts -*earcA Cenf cr. Applications of Suclear Radiation 

-Radiation Induced Reactions, 

=.. Actirities. 

l e  Xa terials and Processes. 

i-Conductor >rate- 

Derelopment, and 

and Radioisotopes 
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APPENDIX 5 

ISSUED TO THE COIbfMISSIOpI' WHICH ARE ATAILABLE FOR pb@Ts 
LICEKSING 

259 U.S. Letters Patents owned by the United States Government fiaon-ins 
nt& by the Atomic Energy Commission are in addition to the 48s 

in the 1939 Annual Report. The patents listed are available for 
s' The total number of patents available for licensing is 24%. Licenses 
&* CDted 00 a nonexclusive, royalty-free basis. 

TIRE PATENTEE fli 
' j  
?Thrmocouple Vacuum Gauge-- ----------___ G. IT. Price, Cedar Rapids, Iowa. 2 &ie&od of Isotope Concentration __- -_ -_______  J. S. Spevack, New- York, N.Y. 

I vmum Trap------------ .................... H. S. Gordon, hfayette, Calif. 5 ;  Solid state Bonding Of Thorium -1th Alumi- 

wnesr AcoeleratOr-------------------- ---__ -__ N. C. Christofilos, BerkeIey, Cslif.; I. J. Polk, 
Patchogue, N.Y. 

6. Storchheim, Kjngston, pa. 
" I  nm. 

j volume Compensating Means for Pulsating 
i pumps. 
: p~~tonium-H~drogen Reaction Product, 
i Method of Preparing Same and Plutonium 

D. L. W. Weaver. Idaho Falls, Idaho; R. S. 
MacCormack, Jr., Westfield, S . J .  

S. Fried, Chicago, I!.; H. L. Baumbach, 
Pacific Palisades, Cahf. 

M. Kolodney, New York, N.Y. 
J. S. B m e r .  Eastwrt. N.Y. 

! powder Therefrom. ~ 

I: plutonium Cleaning Process _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
.,: 1 Formation Of htermetallic Compound 
Ip - -  - ,  . ,  
tf 

, Dispersions. -. Uethodof Making Fuel Elements _____-______ C. H. Bean, Naperville, Ill.; R. E. Macberey, 
Villa Park, Til. ; ~ntinuous Chelation-Extraction Process for H. W. Crandall, Berkeley, and T. E. Hicks, 

t &e Separation and Pundcation of Metals. Los Angeles, Calif.; B. Rubin, Livermore, 
and J. 11. Thomas, Albany, Calif. 

a Loaded Wave-Guides for Linear Accelerator-- W. Walkinshaw, Abingdon, England; L. B. 

~ungsten Base Alloys-------- ---_------______ D. H. Scbell, and H. Sheinberg, Los Alamos, 
NT. Mex. 

gmous Iodate 8s a Carrier for Plutonium---l D. R. Miller, Richmond, Q. T. Seaborg, bfs- 
yette, and S. Q. Thompson, Richmond, 

I Mullett, Malvern Wells, England 
i 

I Calif. E Separation of Fission Product Values from 
, Hexavalent Plutonium by Carrier Precip 

T. H. Davis, Chicsgo, I11. 
I itation 
I i Method of Producing Tetrafluoride _ _ _ _ _ _ _ _ _ _ _  

Method of Recovering Transuranic Elements 

Uethod of Oxidizing Plutonium Ion with 
p Blsmuthate Ion 
p &paration of Plutonium.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
b Fabrication of Uranium--Uuminum Alloys--- 
@ Method of Increasing the Dispeersibility of 
g Slurry Particles 
ES Snclear Reactor ___________________________r__  

p sputronic Reactor Contrd _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r _ _  

p kWc~nic Reactor Control Rod Drive Ap- 
z Paratus E Pressure Sensing Device ___________-__________ 
y bdiation Detection and Telemetering Sys- 
r tem 

of an Atomic Number Below 95 

h7er-MuUer Type Counter Tube _ _ _ _ _ _ _ _ _ _ _  I. L. Fowler and L. A. K. Watt, Deep River, 

P Extrection of Plutonium values from organic Q. T. seaborg, Lafayette, Calif. 5 - Bolutions 
f cmum Decontamination _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J. S. Buchingham and J. L. Carroll, Richland, 

- Ontario, Canada 

-- 
Wash. \ c -md 8s of November 29, 1960. Applicants for licenses should apply to Assistant General 

m,?m@, Office of the General Counsel, U S .  Atomic Energy Commission, Germantown, hld., 
9ssubject  matter by patent number and title. 

W. B. Tolley, Tucson, Ariz.; R. C. Smith, 

0. T: Seaborg, Lafayette, Calif.; R. A. James, 

C. 6. Garner, Los Angeles, Calif. 

H. M. Feder, Park Forest, and R. L. Nuttall, 
Downers Grove, Ill. 

H. A. Saller (deceased) 
J. P. McBride, Oak Ridge, Tenn. 

J. J. Grebe, Midland, Mich. 
R. S. Drefh, Qlen Ellyn, 111. 
L. C. Oakes, Knoxville, and C. S. Walker, 

K. E. Pope, Albuquerque, N. Mex. 
H. I(. Richards, Oak Lawn, Ill. 

Richland, Wash. 

chlcago, Ill. 

Oak Ridge, Tenn. 
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i TITLE 

-\f 

i- 
~ 1 sof Forming a Protective Coating on , J*&.r(rUS Metal Surfaces. 

peat Treated u-310 Alloy-. ---- - - -  - - - - - - -____  

------_ 
E 

PATESTEE 

D. G. Schiwitzer, East Islip, arid J. R .  JVeeh, 
Port Jefferson, N.T.; 0. F. Kammerer, St. 
James, and D. 1-1. Ourinsky, Center Mo- 
riches, S.T. 

R .  K. AlcGem, Pittsburgh, Pa.; IT. &I. 
Justusson, Dearborn, Mich. w. 11. McCorkle, Ilinsdale, Ill. 

tut Creek. ana 12 f i ~  
Valley, Calif.: A,  
nb, and H. J .  &* 

'est, 111. 
s, Calif. 
tnly and T. K. 1% 

e, Tenn. 

Calif. 
ios, ii. >lex 
ll. 
Knighton anc! I i  
Ill. 
er, S . Y .  

Ion, Enalanli 

'erdes Estates. C m  

perque. S .  l f r x .  

ago, Ill. 

, S . J . ;  \V. SPUI~~C! .  t4 
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g P * *'$ier. 
I Energetic Gas Discharge _ _ _ _ _ _ _ _ _ _ _ _  

Coated Iiraniupl and Its Production--- 2;: ! >lethod for Producmg Thorium Tetrachlo. 
~ 5 :  

* ..: ride. 
veutmnic Reactor Construction and Opera. 

~ tion. 
source or Products of Xuclear Fission_------ 
:w]ed Neutronic Reactor _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

\lethod of Fabricating a Uranium Zirconium 

Method for Coatlng Graphite with Metallic 

Conyection Reactor- - - - - - -_ -________________.  

flybide Reactor Core. 

Carbides. 

yuclear Reactor Core Design _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

B b t i o n  Measuring Devices _____________.__ 
Ion-Stabilized Electron ___- - -_________________  
Regeneration of Reactor Fuel Elements- _ _ _ _ _  

,P 
.E - .- 
,% 

ReKeneration of Reactor Fuel Elements- _ _ _ _ _  
z hutronic Reactor Control _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
s Seutronic Reactor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
,IS Apparatus for Arc Welding _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3 Electron gun _-_______________________________ 

51 Scaler _----__________-_____________________ 
process for Separating Plutonium by Repeat- 

ed Precipitation with Amphoteric Hydrox- 
ide Carriers 

Fluoride Precipitate with an Alkali 
Ifetathesis of Plutonium Carrier Lanthanpm 

Preparation of Dibasic Aluminum Nitrate-.-- 

500 

Method and Alloy for Bonding to Zirconium- 

Concentration of Pu Csing Oxalate Type 

Dwlution hlethod of Removing Bonding 

Electronuclear Reactor . . . . . . . . . . . . . . . . . . . . . .  - 

Carrier 

lgents 

Seutron Source- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
High Voltage Ion Source- . . . . . . . . . . . . . . . . . . . .  
Precipitation Method for the Separation of ' 

Recovery of Americium- - - _ _ _  ___________- - -__  
hvenger  and Process of Scavenging--,------ 
Method for Purifying Uranium _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Plutonium and Rare Earths 

I h s s  of Electroplating Bletals with Alumi- 
.-nu. 

I J. S. Luce and J. A. Martin, Oak Ridge, Tenn. 
R. Truell and J. De Klerk, Providence, R.I.; 

P. W. Lery, Sayrille, X.Y. 
J. A. DeShonp, Jr., Elmhurst. Ill. 
W. E. Huey, SFcarthmore, Pa. 

E. Fairstein, Oak Ridge, Tenn. 

J. S. Luce, Oak Ridge, Tenn. 
A. G. Gray, Rocky River, Ohio. 
E. A.  Mason, Lexington, and C. M. Cobb, 

J.-T. Weills, and J. hi. IVest, Downers Qrore, 
Lynn, iMass. 

111. 
P. Harteck and S: Dondes, Troy, K.P. 
E. P. Rigner, Prmceton, h-.J., E. C. Creutz, 

J. P. E. Katterberg, Albuquerque, N. hlex. 
R. V. Neidigh, Knoxville, Tenn. 

Pittsburgh, Pa. 

E. M. Cramer, Espanola, N. hlex.; F. H. 
Ellinger and C. C. Land, Los Alamos, N. 
M CY - .- - ._. 

I. F. Weeks, "ng Beach, and R. V. Qoeddel, 

M. -4. Steinberg, University Heights, Ohio. 
Riviera, Calif. 

R. P. Hammond and L. D. P. King, Los 
Alamos, N. Mer. 

J. E. Mahlmeister, Van Nuys, Calif., W. S. 
Peck, Pacoima, Calif., W. V. Haberer, Bur- 
bank, Cap., and A.C. Williams, Canoga 
Park, Cahf. 

G. M. B. Bouricius, Green-Hills, and 0. K. 
Rusch, Dillonvale, Ohio. 

D. Finkelstein, Hoboken, K-.J. 
W. E. Roake and W. L. Lyon, Benton County 
W n c h  . . -._. 

C. W. Johnstone, Houston, Tex. 
B. F. Faris, Oak Ridge, Tenn. 

R. B. Duffield, Champaign, Ill. 

A. T. Qresky, E. 0. Xurmi, R. P. Wischow, 
and J.  E. Savolainen, Oak Ridge, Tenn.; D. 
L. Foster, Knoxville, Tenn. 
W. L. Lyon, Richland, Wash. 
H. Hurwitz, Jr., Schenectady, N.Y. 
E. Fermi (deceased). 
J. W. Lingafelter, Richland, Wash. 
K. C. Christodlos, Berkeley, and K. W. Ehlers, 

Lafayette, Calif. 
F. D. hlccuaig, LaQrnge, Ill., R. D. Misch, 

Whiting, Ind. 
D. M. Ritter and R. P. S. Black, Oak Ridge, 

Tenn 
E. H. Hyman, Chicago, Ill. 

E. 0. Lawrence (deceased), E. M. .McMillan 

1. S. Foster, Jr.. Lirermore, Calif. 
1. 6. Liice, Oak Ridge, Tenn. 
5 .  Q. Thompson, Richmond, Calif. 

and L. W. Alvarez, Berkeley, Calif. 

$. Ader and H. H. Hyman, Chicago, Ill. ,. hl. Olson, Newark, K.J. '. B. Knighton, Brookfield, and H. hl. Feder 

W. C. Schickner, Columbus, Ohio 
Park Forest, Ill. 

soclear Reactor Fuel Element and Method H. Brooks, Cambridge, Mass. 
of Manufacture. 
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NO. 

2,934,483 

2,935,401 

2,935,456 

2,935,686 

2,936,110 
2,936,119 

2,936,213 

2,936,231 

2,936,273 

2,936,274 

2,936,277 

2,936,318 

2,936,363 

2,936,372 

2,936,401 

2,937.438 

2.937. f354 
2,937,924 

2, %?7,925 

2,937.939 
2,937,981 

2.937,982 
2,931,984 
2,938,121 

2.938.768 

2.938,769 

2.938.784 

2,933,791 

2,938,807 
2,938,844 

?, 93s. 845 
2,938,846 

2,938,998 
2,939.633 
2,939,803 
2.940,819 

2,940,915 

2,941,933 

2,942,109 
2,942,116 
2,942,736 

2,942,937 

2,942,93$ 
2,942.93E 

APPENDIX 5 

TITLE 

Process of Making Fuel Elements for Neu- 
tronic Reactors and Articles Produced 
Thereby. 

Control Rod Alloy Containing Xoble Metal 
Additions. 

Variable Area Control Rod for Nuclear Re- 
actor. 

Frequency Stabilizing System _______..__-___-. 

Method of Centrifuge Operation ________..____. 
Simultaneous Differential Equation Com- 

Process of Reducing Plutonium to Tetrara- 
puter. 

lent State. 

ucts from Liquid U-Bi. 

Method of Operating It. 

Separationof Rare Earth Metal Fission Prod- 

Steam Forming Neutronic Reactor and 

Determination of Specific Keutronic Reac- 
tivity. 

Reactor Control System _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ -  
Fission Product Removal from Organic Solu- 

tions. 
Apparatus and Method for -4rc Welding---- 

Radiation Dosimeter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Radiation Detector _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Method for Jobing Alurrinum to Stainless 

Tube Shearinp Valve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Separation of Plutoniurr from Fission Prod- 

Solvent Extraction Process for Uraoium from 

Method of Producing Kiohium Metal------- 
Suppression of M ater Decomposition-------- 

Method of Making UOz-Bi Slurries _ _ _ _ _ _ _ _ _ _  
Control Rod Drive _______.__________________ 

Personnel Neutron Dosimeter - _ _  - _ _  _ _ _ _ _ _ _ _  - 

Steel. 

ucts by a Colloid Ren o v n I  Proctss. 

Chloride Solutions. 

Method of Separating P u  from Metathesizing 

Sepsratlon of Hafnium from Zirconium-,---- 
BiPO! Carrier. 

Nuclear Fuel Composition _________-_________ 

Method of Producing Shaped Bodies from 
Powdered Metals. 
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71c;,jsi) C.S. Atomic Energr Con~mission, 1959. 228 pages. $2.23. 

31)le from the Office of Technical Services, Department of Commerce, 
neton 25,  D.C.) This meeting covered a broad range of problems 

The papers 
and presented by the Atomic Energy Commission and contractor 
covered such topics as recovery of source and special nuclear 

ation of a factor assay f o r  uranium reguli; limits of 
in Keighing ; and isotopic anal-j-ses by use of transistorized scintil- 

w m a r y  a n d  Ei.rrlitation Report of Four Pozoer Reactor Design Sttidies 
LGM). K.S. Atomic. Energy Cornmission, 1959. 60 pages. 60 cents. 

ble from Office of Technical Services, U.S. Department of Commerce 
:ton 25, D.C.) This report summarizes and evaluates the four power 

engineering studies completed for the AEC under Public 
~ %90. The report gives economic and technical conclusions, compara- 

=lq analysis, technical analysis of reference designs, assumptiolls and 

A’ater IZeactors.’ Andre\\- W. Kramer. Editor. Reading, Mass., Addi- 
Publishing CO., Inc., 1938. 56.3 pages. $8.50. This reference 

OFernment presentation rolume f o r  the International Conference on the 

Parker, 1% $ : I  : 

rtan, T3.C. 
5. potr.t.ll. .+nj* 1 -=% 

’. S u t t k .  l.-l 4- -=- 

L. 3. JOIN-. I’ *e  

red in the XEC and SS Materials Management n-ork. 

Grove, 11: 
Rivcr, 

,nd ,  W:LZh. 
er, 3Iltifl 
tcr Groxt:. S. ’ 

, 111. 
Et, Ili. 
@I, 1’J 

Tcnn: 1- f’ 

1Jmo5, s XCL 

,ring# 5‘ ’ 
)riDP. 
.mom, c -w of Atomic Energy, Genera, 1958. 

_cc_ 337 



-~ 

338 APPEKDIX 6 

work on the history and technology of boiling water reactors 
under the auspices of the Argonne Xational Laboratory, with 
tion of the many scientists and engineers there who conceived 
this type of reactor. It presents a brief history of the boiling 
and of the early experiments of the Argonne Laboratory, includinw 
opxnent and operation of the Experimental Boiling TYa ter Reactor. 
ious BORAX experiments are described in detail. 
is given of the physics underlying the desim of the reactor, and a ler! 
description of the General Electric Co.’S Vallecitos plant is included. 
book concludes with a discussion of present and future researe 
ment programs for  boiling reactors. 

Commission, 1959. Total pages 522. Total price $5.2 
Office of Technical Services, U.S. Depnrtlllexlt of Comnl 
D.C.) This is one of four advanced design studies initiated in 19% 
the feasibility of power generation through the use of certain tSDe of n 8 t ~  
reactors. 
and 2 )  is entitled “306 mm Power Reactor Conceptual Des 
entitled “Separate Studies”; and Part 3 is entitled “326 mw 
Installation”. 

Civilian Power Reactor Pro!lram. U.S. Atomic Energy Corn 
ington, U.S. Government Printing Office, 1960. (Parts sepa 
and priced). 
Par t  I. Summary of Technical and Economic Status as of 1959. rnit 

Part  11. Economic Potential and Development Program as of 1 0 ~ 9 ,  fwL+ 

Par t  111, Book 1. 

]’art 111, Book 2. 

13al.t 111, Book 3. 

Par t  111, Book 4. 

Part 111, Book 5. 

Par t  111, Book 6. 

Part 111, Book 7. 

Part 111. Book 8. 

Part IV. Plans for Development as of February 196 

A thorough 

Boiling Water  Reactor Studv (TID-8600, Par ts  1, 2 & 3) .  

This study deals with the boiling water reactor. ii7ashington 25. 

ment of of rad 

18 and the Implica 8516). $1.00. 
mm Commission, 19; 

8517). 70 cents. @nlcal Services, Dei 

8518 (1) ) . $1.00. held at Chicago, 
~ r n  aspects of the pr, 

( TID-8518 (2)  ) . $1.% gsa and ( 2 )  the der* 

1959. ( TID-8518 (3) ) . $1.25. d are: techniques 

1959. (TID-8518 (4)  ) . $2.25. ad rhe code aspects. 

of 1939. (TID-8518 (5) ) . 60 cents. 

(TID-8518 (6) ) . $1.00. 

1959. ( TID-8518 (7) ) . $2.25. 

8518(8) ) . 55 cents. 

cents. 

Status Report on Fast Reactors as  

Status Report on Pressurized Water Reactors a9 of := 
Status Report on Aqueous Homogeneo 

Status Report on Heavy Water Nodera 

Status Report on Boiling Water Reactor Technolw P 

Status Report on Sodium Graphite Reactors as of ES 

Status Report on Organic-Cooled P O  

Status Report on Gas-Cooled Reactors as of 183. 

These reports survey the current status of the AEC’s program for 
reactors to produce power for civilian purposes. 
that  are currently being developed under this program are included. 

All major renctor 

c 
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Energy Commission. wa% 
(Parts separately n u r t ~ i ~ = *  

Status as of 1930. ~ T I I ~ .  

.eactors as of 1959. ! m ~  

*d Water Reactors as ot 

Homogeneous Reactors 8s I 

Water Reactor Tec11nnltt;rt 

Graphite Reactors 3s of 1% 

-Cooled Power Reactnrl: as 

PUBUCATIONS 339 
i,,z,l,tity Iwpact of Peadef tll dpy7icatioizs of Atomic Energy. (TID- 
lIRrold sandbank. U.S. Atomic Energy Commission, 1 W .  80 pages. 

ilable from the Office of Technical Services. C.S. Department of 
~~-'ashington 35, D.C. 1 .  This report deals with the impact on cities 
resulting from the peaceful applications of atomic energy. 

a study made by the American Municipal Association under 

~ , c t  the Atomic Energy Commission, and it is concerned with 

e-9 and local gorernment functions ; programs of federal and state igali ties 

c use of nuclear materials; and sources of information and 
sp,lling the 

2t2i 
_.,id t 

011 
-- 
w<d 

iqttitrti d r ~ B s  as :  the extent of Peaceful uses of nuclear materials; effects 

s ~ i p ~  and other groups actire in this field; standards and requirements 

-&P T I D - ~ ~  (Rev.) Compiled and Edited by Allen Brodsky and G. 

ce ,railable to communities and local officials. 
.itan e- of Information f o r  Use in Copitrolling Radiation Eniergen- 

%@ U.S. Atomic Energy Commission, 1960. 100 pages. $1.00. 
from the Office of Technical Services, U.S. Department of Com- l,&ble 

\l*a&ingtOn 23, D.C. 1. This compilation summarizes information 
mar be needed by trained personnel in exercisirg rapid and profes- 
judgru.ent during the period immediately following a n  unexpected 

&Idmi incident. such topics as past experiences in radiation accidents, 
ent of of radioactive materials, the control of fires during radia- 

mesencies, the results of fuel element burn tests, and monitoring 
4 e  zrities are reviewed and discussed. 

--tltce olt the Status of Radiation Effects  Research mi Structiirat M a -  
and the Inzplicatiom to Reactor Design. (TID-$588) U.S. Atomic 
Commission, 19c59. 306 Pages. $4.00. (Available from the Office of 
1 Services, Department of Commerce, Washington 25, D.C.) This 

@lished proceedings Of the October 1959 meeting of the AEC Welding 
held at Chicago, 111. The discussion was confined almost exclusively 
aqwts of the problem: (1) the significance and value of accumulated 

d (2) the development of a research program which would be 
of information useful for design purposes. Some of the topics 
: techniques for measuring reactor neutron spectra ; radiation 
rritic steels ; practical aspects of reactor pressure vessel design ; 

Thermonuclear ReWtk~n8. Edited by Samuel Glasstone and Ralph 
ork, D. Van Nostrand Co., Inc., 1960. 523 pages. $5.60. 

nciples of controlled thermonuclear reactions are presented. Thermo- 
: processes are introduced so as to be understandable by physicists and 

Fho haw no background in this field. Fundamentals and techniques 
nuclear research are explained completely enough to  supply the foun- 

U e e d e d  by one setting out in a research program. The book describes 
ODs that are required for controlled thermonuclear reactions and 
routes by which these conditions may be achieved. Plasma theory 

,&or Beard. 

& i P  

1 

-i!s-sed employing mathematics of adequate level. Equipment such as 
and mirror devices is described, together with stellarator and other 

of creating and heating plasma. Esperimental techniques employed 
for the - 4 ~ ~ ' s  program 

?8. ,411 major refi('t"r ( ~ t f i . ~  

a re  inclL1de(l. -*ll@d thermonuclear research also receive attention. 
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Costs of Nzcc7ear fozcei- (TIDaOG). C.S. Atomic Energy c 
29 pages. 50 cents. (Arailable from Office of Technical Se 
partment of Commerce, Washington 25, D.C.) This report is concphq 
with stationary nuclear plants that are designed primarily for the 
of electricity. 
that are presently in operation, k i n g  built, or planned for earlg 
Major topics corered are  capital costs, annual fixed charges, 
inventory charges, cost of operatio11 and maintenance and total 
power. 

Crgogenic Engineering. Russell B. Scott. Princeton, X.J., D, 
Co., 1939. 368 pages. $5.60. The book coyers the entire range of 
engineering and is intended primarily for students, engineers, and 
who are unfamiliar with low-temperature techniques. It outlines 
tical aspects of cryogenic processes and equipment, at the me 
a careful discussion of the underlying theory. The book desc 
understood form, the development and improvement of low-tem 
ewes and equipment ; the determination of the physical propertis of 
used t o  produce, maintain, and utilize low temperatures; and the 
application of low-temperature techniques and processes. 

3 Design Studies for Selecting a Prototype Reactor for a xuclear 
(TID-8528). US. Atomic EnergS Commission, 1960. 67 pages. s13 
able froin Office of Technical Services, U.S. Department of Commerce, 
ington 35, D.C.) 
convened to consider three nuclear-pon-ered tanker design and e 
studies carried out in accordance with Public Lam 86-50. 
conducted to reriew water-reactor technology in  order to de 
relative merit of the various water-reactor propulsion concepts 
be applied to IL tanker and their potential to achieve economC 
in the relatively near future. A summary and a cornparatire 
of the cost estimates for the different Systems are presented. With Radiatio 

The Effects of MucZear Weapons. Edited by Samuel Glasstone. 1. Fundament. 
U.S. Government Printing Office, 1957. 579 pages. $2.00. Brannigan. u 
prepared by the Armed Forces Special Weapons Project of the 
Defense at the request of the Atomic Energy Commission. It updates 
tion appearing in The Effects of Atomic Weapons, 19%, and proedes 
knovledge of weapons effects obtained by observation and emeriment 
ratory work and nuclear test detonations since 19%). It also blClUdeS 
Tadiological, blast and heat effects of nuclear detonations. Req 
the Federal Civil Defense Administration for infOm3atiOn IleCeWT BE 
defense planning are taken into account. 

It considers data  on the cost of electricity fro 

cOnSt 

?; 

This study reports on the findings of an eyaluat, 

mm Commission 
-bridge, Massack 
HIS as radiation 

Fluid F?teZ Reactor? Edited by J. A. Lane, H. G. IlacPherson, and 
Reading, Mass., Addison-Wesley Publishing Co.. Inc., 1 s  Maslan. 

pages. $11.50. Comprehensive discussion of three basic t y p e  Of 

reactors which summarizes results of research carried on in the cni 
for  almost 10 years. 

1 A U.S. Government presentation volume for the International 

A unique feature of this work is its 

e 
Peaceful Uses of Atomic Enerm, Geneva, 1958. 
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the chemical Standpoint rather than from the point of view of 

the Future (TID-€209). JrIilton F. Sear. U.S. Atomic 
CoDllnlission, 1960. 63 pages. 75 cents. (Available from the Office 
Dical serrices, U.X. Department of Commerce, Washington 25, D.C.) . 
port reriems the extent of fossil-fuel resources and forecasts the 

be depleted in the absence of new sources of energy, 
earliest time when large amounts of nuclear power 

projections are included for the United States, 
?Ireas, and the world as a whole. 

Hoderated Power Reactor PEawt (TID-8503, Par t s  1 and 2). U.S. 
Energy Commission, 1959. Total pages 1136. Total price $11.25. 

from Office of Technical Services, U.S. Department of Commerce, 
25, D.C.) Another of the four advanced design studies initiated 

ibility of power generation through the use of cer- 
6. This study deals with the heavy water mod- 
1 “Design Study”; Part 2 “Preliminary Design 

conference on the Preservation of Foods by  Ionizing Radiations 
1. US. Atomic Energy Commission. 1959. 2 s  pages. $4.00. 
from the Office of Technical Services, U.S. Department of Com- 

.) This is the published proceedings of a confer- 
sored by Massachusetts Institute of Technology, the U.S. Atomic 

he International Atomic Energy Agency held at 
July 1959. Some of the topics covered are:  re- 
; problems of underdeveloped countries ; direct 
iations; radiological safety; and electron beam 

Problems of the Nuclear Age for the Lagman. 
t 11. Fire Service Problems. Prepared by Fran- 

Brannigan. U.S. Atomic Energy Commission, Washington, U.S. Govern- 
ting Office, 1960. Part I, 65 pages. 45 cents. Part 11, 199 pages. 

a t  has been found by field experience to be a 
approach to the understanding of the industrial radiation hazard. 
intended for the layman who requires a basic understanding of the 
problem to his field. Part 11 is of interest not only to professional fire 
ut also to those charged with the control of radiation hazards. 

iation Nonitoring. (LA-1835, 3d Ed. ) . Corn- 
edited by Jerome E. Dummer, Jr., US. Atomic Energy Commission. 

t Printing Office, 1959. 180 pages. 60 cents. 
ly rewritten and updated version of the “General Handbook for 

was prepared by Los Alamos Scientific Lgbora- 
ide the rvionitoring Group at Los Alamos with the basic data which 

at all times. The book is pocket s h e  and is 
erve the purposes of the Los Alamos Scientific Laboratory. Some 
covered are monitor’s check list, emergency monitoring, LASL 

concepts  hi& 

mparative tab 

; also includes 

ion necessav fm 
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radiation safety policies, decontamination, table of isotopes, monitorin 
ments, alpha, beta-gamma neutron and tritium lllonitoring and air ~~~ 

D. Tan Sostrand Co., Inc., 1960. 516 pngeS. $16.50. This bo 
techniques used in the management and control of special nuclear 
i.e., (1) obtaining data by sampling, weighing, and analyzing 
(2) taking, Terifying, and maintaining inventory ; (3 )  r 
individual forms and periodic reports; and (4)  controlling data aOR 
utilization. A brief description of the processes from or 
scrap recovery from reactor operations is giren as  background. 
will be of interest to companies presently processing nucl 
companies interested in entering the field and wanting to debmi 
is involved in  accounting for nuclear materials. The bo 
cussion of the philosophy of nuclear materials and management, a 
description of records and statistical techniques, and detailed nuclear 
ment considerations of each process. 

Management of Xuclear XateriaZs. Edited b~ Ralph F. Lumb. 

Uetallurgy and Fabrication of Fuel Elements. de it possible to or 
Nuclear Metals, Inc. New Pork, Interscience Publishers, Inc. 
Metallurgists and fabrication specialists interested in the prod atized accordin 
nuclear reactor fuel elements will find this volume indispensable. 
engineers will obtain from it much useful information for COQ r physics appea 
purposes. The book describes all aspects of fuel element fabri 
rials, production, assembly, and inspection. T r Reactor Experi 

the conditions which fuel elements will encounter in reactors, the i 
physics and engineering design factors, the metallur,qV of uranim, riments inrc 

plutonium, and their alloys plus ceramics and cermets, the choice of 
material, the manufacturing procedures for pr 
various components and for assembling them into clnSters, and 
spection methods are  discussed. A brief discussion of fuel element 
and reprocessing problems is included. 9 short chapter on fluid f 

vides perspective on homogeneous reactors. 
of terms and phase diagrams of uranium, thorium, plutonium, ft 

alloys. 
Edited by D. E. Thomas and E. T. E h y s  

Atomic Energy Commission. Washington, U.S. Government Printi 
5960. 3% pages. $1.50, A reference work dealing with the Sri 
technology of the extraction, fabrication. pr  
hafnium. Individual chapters present information generally u 
prerionsly. The book, illustrated by 85 line drawings and phot 
follows the natural sequence of functions involved in processin: 
through to a finished product. 

Jfidquestcm conference on the  Industr id  Ij..SeS o f  Isotopes 
Atomic Energy Commission, 1959. 270 pages. $2.75. 
Office of Technical Services. Department Of COnmerce, wash 
-1 conference on industrial uses of isotopes 
F&ruary 25 and 26, 19.79. Some represe 
application of Cobalt 60 ; radioisotopes as  Sources of electrical 
isotopes in the petroleum industry : radioisotopes for mdio 

s, Princeton, &' 
mlnme of course 11 

ational School c 
Also included are 

The ,IfetaZZzcrgy of Hafniwm. 

(TID-7mt- 
(Available 
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logging and  oil field tracer 

Edited b1 Donald J. Hughes 

PUBLICATIONS 

Bnd castings and radioactirity oil well 

ss ~ ~ c t i o t l s  (BKL-325, Second Edition). 
wartz, Brookhaven S’ationnl Laboratory. Washington, U.S. 

rinting Office, 1958. 373 pages. $4.50. This is a completely re- 
t& &ition of experinlentally determined ralues of neutron cross 
intended for physicists. chemists, and reactor engineers. The 

tains tables of thermal cross sections and resonance parameters and 
ves of total and Partial Cross sections as functions of energy. The 

arefulls erahated and the most recent results from many lab- 
hout the world are included. 

bles. Edited by K. Way. U.S. Atomic Energy Commission. 
u.S. Gorernnient Printing Office, 1959. 151 pages. $1.00. The 

ta Tables is the successor to the New Nuclear Data Cumula- 
A change in the method 

d cumulating experimental results for indiridual nuclei has 
to omit from a n  annual volume data  organized according to 

to devote the yearbook instead to information which has been 
according to some nuclear property or  some specific topic. The  

compilations containing new data  in fields of low-energy 

id management, a 
1 detailed nuclear were published from 1952 through 19X. 

blishers, Inc. {h 
ted in the  prod 
ne indispensable. 
ition for  conceptm 

Princeton, N.J., D. Van 
nature  of nuclear d GO., Inc., 1958. 480 pages. $6.75. A laboratory manual detailing 
in  reactors, the i involving the theory and practice of fission reactor 

ppearing in the literature during the periods indicated. 

Reafitw Eaperiments. Edited by J. B. Hoag. 

mets, the choice of eh 
cing fuel elements fm Edited by Walter D. TTilkinson and William F. 
I t 0  clusters, and r, Princeton, K.J., D. Van Nostrand Co., Inc., 1958. 382 pages. $5.60. 

e material in applied reactor metallurgy developed at the 
onal School of Nuclear Science and Engineering of Argonne National 

~ e a c t o r  Metallurgy. 

chapter on fluid f 
SO included are a 
fium, plutonium, and 

a Conference-Radioisotopes In Agriculture (TID-7578). U.S. Atomic 
Commission, 1959. 292 pages. $2.00. (Available from the Superin- 
of Documents, U.S. Government Printing Office, Washington 25, D.C.) 

a collection of papers presented at the April 1959 Conference on 
pes in Agriculture held at Oklahoma State University and treats 

or topics as radioiodine and thyroid functions; radioisotpes in the 
genetic materials ; ruminology and medical applications. 

,mas and  E. T. 
Government Printing 

rties, and  Uses 

d Power Reactor 8tudy (TID-8501, Parts 1, 2, 3, 4 t 5) .  U.S. 
Energy Commission, 1959. Total pages 1500. Total price $15.00. 

rom Office of Technical Services, U.S. Department of Commerce, 
25, D.C.) This is another of the four advanced design studies 

1958 to assess the feasibility of power generation through the use 
es of nuclear reactors. This study deals with the Organic- 

power Reactor. Part 1 is entitled “Summary of Study”; Part 3 
r Concept Evaluation”; Part 4 “75 mw Power Plant  Conceptual 
; part 5 “300 mw Coal-fired Power Plant Comparison Study”. 
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’ Physical Metallurgy of Uranium.’ A. X. Holden. Reading, &ss., 
Wesley Publishing Co.. Inc., 1938. 272 Pages. $5.75. A COmpreben 
unified treatment of the physical metallurgy of ~ r a n i u m ,  
correlates, and critically evaluates the wealth Of information th 
available in the field during the past Several years. 
experimental techniques and results are thoroughly described, e 
been placed upon interpretation in terms of fundamental pro 
mechanisms. 

Atomic Energy Commission, Washington, 1959. 487 pages. $3.00 
bound). U.S. Gorernment Printing Office. This handbook is the third 
of the Xaral  Reactors Physics Handbook, written for perso 
knowledge of the physics of nuclear reactors. It is a n  accumulation 
information obtained from the work on intermediatespectrum 
Knolls Atomic Power Laboratory. 
properties of critical assemblies and of techniques for obtaining r e h a  
mental information; the uses of critical assemblies and r 
making and testing predictions of reactiviw variation during 
spread of heat generation in  space and time; nuclear effects 
presence of beryllium or sodium in the reactor ; the  transient or 
behavior of intermediate reactors. 

Alth 

The Physics of Intermediate Spectrum Reactors. Edited by J. R 

Material covers the importanee rrf 

Potential Nonnuclear Uses f QT Depleted Uranium (TID-82 
Nelson and Roland L. Carmichael. 
58 pages. 75 cents. (Arailable from the Office of Techni . It presents a 
Department of Commerce, Washington 25, D.C.) 
tial uses of depleted uranium in the fields of semiconductor 
tion, ion exchange, heavy-density media for mineral concentm 
metallurgy. The sections involving metallurgical applications, , with the hope of 
shielding, and ceramic uses a re  presented in detail. Also in 
devoted to the past industrial uses for uranium and to the health a 
aspects of handling depleted uranium in the industrial shop. Revised Janua  

7. 217pages. 75 
Principles of Nuclear Reactor Engineering. Samuel Glassto minerals, where 

Van Nostrand Co., 1955. 861 pages. $7.95. A text written for tb in laboratory tes 
and the practicing engineer. An overall review of the fundamental 
principles upon which reactor engineering is based. Ores are included 

Proceedings of the AEC Bymposium for Chemical Processing of : A TOOZ for  In{ 
Fuels From Power, Test ,  and Research Reactors (TID-7583). U. 
Energy Commission, 1959. 458 pages. $4.50. (Arailable from the 
Technical Services, US. Department of Commerce, Wash 
review is presented in this symposium of the technology cnrren 
from processing spent fuels from research, test, and power r 
twenty-one papers included reports from the General Electric 
Atomic Products Operation, the Phillips Petroleum Co. Atomic E* 
sion, the E. I. du Pont de Nemours and  Co., and the Oak Rim 
Laboratory. 

1 A U.S. Gorernment presentation volume for the International code- 

U.S. Atomic Energy CommiM Energy Commis 

This report preen& 

fPdWtria1 application: 

- 
Peaceful Uses of Atomic Energy, Geneva, 1938. 

5 O f i b 9 3 2  
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a Golzference on the Theoretical Aspects of Controlled Fusion 

( T I ~ - $ ~ & 2 ) .  U.S. Atomic Energy Commission, 1959. 232 pages. 
,ailable from the Office Of Technical Serricas, Department of Com- 

sCasbington 25, D.C. ) Comprises a compilation of papers given at the 
Conference on theoretical aspects of controlled fusion research. 

prerious meeting at Gatlinburg, which covered all aspects of Sher- 
eeting was limited to theoretical papers, and covered such topics 

fport ybenomena ; waves in plasmas ; stability ; adiabatic invariants ; 

of the 1959 82/mposium on Low-Temperature Nuclear Process 
d i n 8  

F--t ( T I D - ~ 5 g ~ ) .  U.S. Atomic Energy Commission, 1959. 76 pages. $0.75. 
le from the Office of Technical Services, Department of Commerce, 

4ei1ab Those are papers given a t  a symposium conducted by 
ic Energy Commission on the development and potential industrial 

Atom 
eactors for the production of low-temperature process heat. During of r @ a p s i ~  attendees were asked to complete a questionnaire designed to 

*L-udustry’s interest in process heat reactors and the extent to which 
@ would participate in their development. A tabulation of the answers 

-d- 
cEiabur& :=. *-=a 

p ‘IW 
d- this 

c @y”- ,bMr~aves.  
4: 

25, D.C.) >&&in@on 

@odd. 

S w o o & - T h e  U.S .  Prooram in Controlled Fu8ion.l Amasa Bishop. 
Mass., Addison-Wesley Publishing Co., Inc., 1958. 228 pages. $5.75. pdiwz9 

at of the extensive research and development undertaken by the U.S. 
Le* 4c Energg Commission for harnessing the energy of thermonuclear re- 

It presents a factual and  readable account of Project Sherwood, @a 
its origin, its development, its problems, and the outlook for i ts  

success. The book describes the basic principles involved in a fusion 
d o n ,  and the various methods now being studied to control thermonuclear 
d, Kith the hope of eventually producing net power. 

#fkbg for Uranium. U.S. Atomic Energy Commission and U.S. Geological 
my. Revised January 1957. Washington, US .  Government Printing Of- 
= 157. 217 pages. 75 cents. A nontechnical booklet describing the uranium- 
d g  minerals, where to look for them, and instruments to use in  prospect- 
gad in laboratory testing and analysis of ores. It contains six color plates 
g Ncipal minerals. Laws, regulations, and price schedules for  uranium- 
&in& ores are included. 

w: B Tool f o r  Industry (ALI-52). U.S. Atomic Energy Commission, 
a Washington, U.S. Government Printing Office. 414 pages. $2.50. 
idab le  from the Office of Technical Services.) This one year survey 
rdustrial applications of ionizing radiation, undertaken in 1958 by Arthur 
:Little, Inc., is based on interviews with workers in the field and on analysis 
seiected literature. The survey rerealed that ionizing radiation is not yet 
mmssing tool of major importance to industry generally, however, because 
EL not yet demonstrated sufiicient advantages over established methods of 

a similar result. Skillfully oriented research and derelopment will 
e the likelihood of radiation becoming a tool of major importance for 

4 industry. - 
a. Government presentation volume for the International Conference on the 

of Atomic Energy, Geneva, 1958. 
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Rdiatiolt Bioloyy a?d Medicine: Selected Reviews in th  
Edited by W. D. Claus. Reading, Mass., Addison-Wesley p 
Inc., 19.5s. 968 pages. $1150. A reTiew of advances in thought 
in the uses and effects of nuclear radiation in the life sciences in the 
States. 
radiation, mutational effects of radiation, mathematical biolog 
response to radiation, radintion safetr, medical uses of ato 
agricultural uses of radiation, tracer applications, instru 
dosimetry. 

Chapters are included on basic mechanisms of biological 

Radiations From Radioactive A t m  in 3’requen.t Use. L. Slack and h‘a 
Way, U.S. Atomic Energy Commission. Washington, U.S. 
ing Office, 1959. 75 pages. 55 cents. This book is desi U.S. Atomic En 
scientists and technicians in the biological and medical sciences 
concerned with estimations and calculations Of dose. Tables and ~ r , B  
each radioactive atom shom- explicitly the energies and intensitie 
particle and electromagnetic radiations emitted both by the decay in 
and also by the orbital electrons in the rearrangements 
nuclear transformation. 
rates, half-thickness values for gamma mys, electron ranges, ayerage 
energies, fluorescence yields, L-shell Facancies per B-shell vacancy, etc. topes in Science 6 

U.S. Governmex 
Subcommittee on Radio&emistq 

Committee on Nuclear Science of the National Academy of Sciences-x d o n  program. Agric 
Research Council. U.S. *4toniic Energy Commission. ( A  series of nlan me of radioisotope 
SeparatelT priced, arailable from the Office of Technical Services, U.S. Bandbook (Secon 
ment of Commerce, Vashington 25, D.C.) Atomic Energy 1 

able radiocheniical information and procedures written by an e w f i  p&me 1. Afaberiak. chemistry and is intended as a p r iman  source of radiochem lame 11. Fuel Rep 
Intended for the working scientist, each monograph collects the pe 
formation required for radiochemical work with an hdiridual elemmf 
group of related elements. 
The monographs are of interest not only to the radiochemist brit I 

geoch.emists, nuclear physicists, biochemist% nuclear engineers an 
medicine, environmental health, fall-out analysis, actiration a 
others having occasion to use radiochemical techniques. 

&lonographs on the following elements hare been issued: Ch 
Rhodium ; Molybdenum ; Barium, Calcium, and Strontium ; Zim 
Hafnium ; Astatine ; Indium ; Cadmium ; Arsenic ; Francium ; Thoripat: 
rine, Chlorine, Bromine, and Iodine ; Americium and Curium. 

A. Gerlof 
ard R. Tarrice. U S .  Atomic Energy Commission, 1959. 200 P g  
(Available from the Office of Technical Services, U.S. De 
merce, Washington 25, D.C.) This report has as its objecti 
probable economic benefits from the use of radioisotopes in 
present and in the future, and to present a detailed analYsis 0 
and probable future use for radioisotopes in agriculture. The 

1 A U.S. Gorernment presentation volume for the International code* 

Auxiliary graphs are given on ganlma 

Radiochemistry of the Ehments. 

Each monograph in the series is an  upto-date Compilation of the latm 

ahme IV. Engineer, 

pablished in four v0ll 
unts of nuclear 

Radioisotopes at Work for  Agriculture (SRIA-9). 

Peaceful Uses of Atomic Energy, Geneva, 195s. 

P J - 3 4  
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rise of radioisotopes in research in the fields of farm animal sci- 
medicine, agricultural entomology, plant genetics, plant 

John J. Mc31ahon and Arnold Berman. 
oDlic ~ n e r g ~ r  Commission, 1939. 136 pages. $2.% (Available from 

ec-,nical Services, U.S. Department of Commerce, Washington 
r ep&,  prepared by the National Industrial Conference Board 
sion, is based on the experiences of 523 companies tha t  have 
through the use of radioisotopes. Twenty types of industries. 

aediciize (SRIA-13). Richard R. Tarrice and Mark S. Blum- 
n.s. Atomic Energy Commission, 1959. 180 pages. $3.00. (Available 

of Technical SerTices, U.S. Department of Commerce, Wash- 
This study, conducted by the Stanford Research Institute 
ergy Commission Office of Isotopes Development, had as its 

stauding of the current position of radioisotope use in 
e. Specific data is given on the medical research, diagnos- 
uses of radioisotopes. 

and Industry. U.S. Atomic Energy Commission. Wash- 
t Printing Office, 1960. 176 pages. $1.25. A detailed 
eation since the inception of the Commission's distri- 

pmpm. Agriculture, medicine, and industry have benefited from 
of radioisotopes, and new applications are being dereloped. 

li (Second Edition). Prepared under contract with the United 
Energy chnmissioa Sew Tork, Intersciencq Publishem, Inc. 

soil sciences and water. 

es i,l I d u s t r y  (XYO-29iTj. 

es 

D.c.) 

'Tl on ~anlrna m 
'anges, average 
leu vacancy, etp, 

LY of Sciences-3 
A series of monct 
11 Serrices, r . ~ .  
ation of the 13f-t 
u by an expert 
liochemical inf 
:ollects the wrth 
indiridual elrtuMtt 

&;h rolume priced separately.) 

roce88ing. Edited by S. M. Stoller and R. B. Richards. 

rdame 111. Physics aizd ShieZding. m i t e d  by H. Soodali and E. P. Blizard. 

Edited by C. R. Tipton, Jr., 1960. $36.50. 

ring. Edited by Stuart  McLain. (In press.) 

lumes, the Reactor Handbook will provide authorita- 
unts of nuclear theory, data, hardware, and processes developed in 
em programs. Representing the efforts of several hundred authors 

tributors the Handbook is intended as a desk reference for technical 
rch, derelopment, and design. The process of gather- 

tbg, digesting, and organizing the information included in the 
the guidance of a n  Editorial Review Board composed 

Emh, P. F. Gast, J. P. Howe, S. Lawroslci, &I. C. Leverett, and W. H. 

engineers and w r k m  
nctiration analysts, 

:ontiurn ; Z i m u i u  

urium. 

&)--of HOman and 
1959. 2 0  Pa€!- 
J.S. Department nf 

Civilian Reactor Fuel EEenzents (TID-8503). U.S. Atomic Energy 
Onl 1959. 191 pages. $1.75. (Available from Office of Technical 
V.S. Department of Commerce, Washington 25, D.C.) A report 
S the Civilian Reactor Fuel Element Review Group which was 
bS the division of Reactor Development to assist the AEC in the 
of long range plans for  the derelopment of fuel element tech- 

The r e ~ r t  contains the following sections: 31ajor conclusions; 
.national c o d e m e  & 



348 APPENDIX 6 

fuel problems of major reactor types : materials problems ; FSU~~~~~.~ 
nology ; and sumniary of conclusions. 

Commission, 1959, 18s pages. $1.76. (Available from Of6ce 
Services, U.S. Department of Commerce, Washington 25, D.C. ) 
was prepared by a task force composed of fifteen highly qualified 
and scientists from the Atomic Energy Coiuniission, its national la 
and contractor organizations, and representatives of the architee 
and utility industry. The task force was organized and comnlenced 
form a critical evaluation of the three fluid fuel reactor concept 
homogeneous-AHR, molton salt-MSR, and liquid metal fuel-L~1pIFB 
development by the Commission. 
and judgment of the three fluid fuel reactor concepts. 

Reactors Branch, Division of Reactor Development, US. Atomie 
Commission ; Bettis Plant Westinghouse Electric Corp. ; 
Co. Reading, Mass., Addison-Wesley Publishing Co., Inc., 19+js, 
$9.50. An account of the research and development for and cons 
the first largescale central station nuclear powerplant to be built a 
i n  the U.S. This is the basic sourcebook for this plant and its 
For those who want more detailed information, selected 
a t  the end of each chapter. 

Sodium Graplbite Reactors.’ Chauncey Starr and R. W. Diekinson. 
Mass., Addison-Wesley Publishing Co., Inc., 1958. 304 pa 
and coherent presentation of sodium graphite reactor 
has been placed on the design and development of the So 
ment (SRE) ; however, information applicable to sodium 
in  many cases, to reactor design in general is included. 
Power Facility, a full-scale sodium graphite plant on w 
started, is described. 

son-Wesley Publishing Co., Inc., 1958. 864 pages. $10.75. Reviews 
concepts, present status of development in the United States, and 
and economic outlooks in  this country for fire projec 
power reactor types. Chapters are included on the fast-neutron p o ~  
tor ; the experimental breeder reactor ; the Enrico Ferm 
heaTy-water power reactors ; gas-cooled reactors, organic-cooled and m 
reactors ; and plutonium recycling in thermal reactors. 

8ozircebool on Atomic Energg, Second Edition (revised and updated) 
Glasstone. New Tork, D. Van Nostrand Co., 1958. 6;11 pages. V. 
is considered the standard sourcebook on atomic and nuclear science 
It presents a comprehensi~e technical description of the theory, hi 
velopment, and uses of atomic and nuclear energy. Ch 
the structure of the atom, radioactirity, isotopes, nuclear reactors 
research, acceleration of charged particles, new elements, radia~On 
tion and health physics, and other phases of nuclear science. 

1 A U.S. Government presentation volume for the International Conrereas 

Report of the Fluid FueZ Reactor Task Force (TID-850;) 

The report represents the gro 

The Xhippingport Pressurized Water Reactor? By personnel of the 
ex tensive in troc 

of Byproduct Mat 

ufrz Production T’e 
a&ey Publishing Cc 
pctically all the info 
@]QQ. Chapters are 
&e of thorium; tl  

m m t e s  ; preparation 
gbrication of thoriun 

8oZid FueZ Reactors? By J. R. Dietrich and W. H. Zinn. 

Transuranium EEea 

Peaceful Uses of Atomic Ener,T, Geneva, 1958. 
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304 pages. $6.50. 
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Ot l  High, Flux Uaterials Testin.0 Reactors (TID-75M). U.S. Atomic 
ion, 1959. 447 Pages. 94.50. (Srailable from Office of Techni- 
. Department of Commerce, Washington 25, D.C.) This is the 
ings of the September 1959 meeting held in Brussels, Belgium. 

cover the AEC test reactor program: the design and uses of high 
test reactors ; design of loops for high flux reactors; safety 

io the instrumentation of reactors ; and fast neutron dosimetry in 

v+ith Radioisotopes. G.S. Atomic Energy Commission, Washington, 

bdtted by teachers in many schools and colleges, this manual of 
radioisotopes mas prepared to supplement and extend the 

.iisl publication, La b ~ a  tory E w e  rim en  ts With R a d  io is0 f opes-For High 

extensive introductory section that contains definitions and notes on 
ent and techniques and gives special attention to proper procedures 

Each experiment 
4 si& pertinent questions and answers and each is written in an  “open- 
@@ mmner with the hope that rariations will occur to teachers and 
ef@” Fire appendixes are:  Some References on Radioactivity; Licens- 

xs3- zJense ; Some SuPPliers Of Radioisotopes ; Radioactive Decontamination 

production 1T’echnolwu.l F. L. Cuthbert. Reading, Mass., Addison- 
Edor publishing GO., Inc., 1958. 320 pages. $6.50. This book contains 
+d;.ailp all the information currently available on thorium production tech- 
-*. Chapters are included on thorium history, sources, and uses; p rop  

of thorium; thorium-bearing ores; their deposits and methods of 
emtion ; extraction of thorium from ores ; purification of thorium con- 
@_;WB; preparation of thorium metal by reduction ; melting of thorium ; 
,-;tion of thorium ; health and safety aspects of thorium production ; 
mg procedures. 

5 rrpnsvraniztm EEenzcnts.’ Glenn 1’. Seaborg. Reading, Nass., Addison- 
i&&~ Publishing Co., 1958. 354 pages. $7.00. This book provides a com- 
Emsummary of the chemical and nuclear properties of the known synthetic 

nium elements, as well as the prospects for future transuranium 
ts. It is divided into four parts, the first of which begins with the 

m r ~  of plutonium in 1940 as the result of the bombardment of natural 
with deuterons in the University of California’s 60-inch cyclotron. 
discusses the chemical properties of the actinide elements, ranging 
of the heaviest elements, thorium, to Mendelevium. The third part 

ted to the nuclear properties of the transuranium elements, and the 
the as yet undiscovered elements. 

Ore Processing.* Edited by J .  W. Clegg and D. D. Foley. Reading, 
Addhon-JVesley Publishing Co., Inc., 1958. 448 pages. $7.50. Here, 
first time in book form, is a condensed but essentially complete descrip 
Practices and in winning uranium from its ores. While the emphasis 

,4ia8 Gerernruent Printing Office, 1939. GO pages. 40 cents. Based on mate- 

;g&mentS 
de- -dlxllDflnM,,&-ations. As :in aid to teachers using the publication, Part I 

; r* 
+B 5u 

.w* 

Part 11 givm 16 Suggested experiments. &etsa 
@iP 

e B *  BSProduct Material ; Radioactive Isotopes for Sale Under a General 
A 0  
# 

pdures .  

F= 

-- ~ . 

E 

Oowrnment presentation volume for the International Conference on the 
Of Atomic Energy, Geneva, 1958. 
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is on a well-rounded presentation Of current Practices in the united 
techniques in other countries are also described. Because of its COInpre 

and authoritative nature, the volume should be a raluable referenp 
worbers in the field. 
niany helpful comnients and observations. 
an extensive reference list. 

Various processes are described in full, 
Each chapter is ace 

c-raiziunt Prodztction Techtzologg. Edited by Charles D. Harrington 
E. Ruehle. 
$1'7.50. Presents the entire field of technology in the United States 
illeta1 production from uranium concentrates or high-grade uranium 
includes a description of the diethyl ether and tributyl phosphat 
extraction, deoxidation, hydrofluorination, reduction and c 
Rolling, forging, estrusion, and machining fabrication techniques 
discussed along with the chemistry and physical nletallurgS of uhl 
Chapters on uranium alloys, producing uranium hexafluoride, PrcA 
riched uranium, new technology, and health hazard control corn 
Limited amounts of history, pertinent production details, and 
work are included. This coiiiprehensive book, the first in its fi 
work done at many AEC installations throughout this country. 1 
for the student of metallurgy both in an academic institution a 

U.S. Research Reactor Operation. and Use.' Edited by J. W. 

Princeton, X.J., D. Van Sostrand Co., Inc., 1gsg. 5 j s  

of readers : (I 

Reading, Mass., Addison-Wesley Publishing CO., Inc., 1958. 384 page. 
This book is intended primarily for scientists, engineers, and admin 
owning or using a reactor. It also may serve as a text or refer 
introductory courses in reactor engineering. It sets forth i 
only about technical aspects, characteristics, and operating pr 
on administrative, legal and cost problems. 

Eeend of each sectio 

Government Pri 
tic ; $2.50 forei 

PERIODICAL PUBLICATIONS review of react 
ns in keeping at 

h'uclear Science Abstracts. U.S. Atomic Energy Commission. rticular subjects in 
U.S. Government Printing Office. Available postpaid on subs 
in  single copy a t  the following prices : Seniimonthly issues: 
scription rate, $18.00, domestic ; $22.50, foreign ; price per single mp~,  
domestic ; 35 percent extra for foreign mailing. 
Annual subscription rate, $15.00, domestic ; $17.50, foreign ; price 
copy varies according to the number of pages. Published bimon 
bimonthly publication contains abstracts of all current Con1 
fied and unclassified reports, of non-Commission reports related 
energy, and of articles appearing in both foreign and domestic 
literature. 

Xuclear Sufety (Technical Progress Reviews). Prepared by Oak 
tional Laboratory f o r  the U.S. Atomic Energy Commission, IT. 
editor, R. A. Charpie, adrisory editor. 
ing Office. 
Published quarterly. 
for reactor designers, reactor builders, reactor fuel specialists, re@ 

1 A U.S. Government presentation volume for the International Codeflng e 

Cumulated-index r to make the ~i 

s a11 the COD 

Washington, U.S. Gownmen; 
Available on subscription for $3.00 a year, 55 cenb 

This quarterly review on nuclear Safe6 Is 

Peaceful Uses of Atomic Energy, Genera, 1958. 
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, and others concerned with nuclear safetr-this new 
commission's Technical Progress Review series simmarizes 

Actirities of AEC's Adyisory 
Safeguards and Hazards Evaluation Rranch are  also 

dfl,rlol'wents in this important field. 

recent safeguards reports a re  rei-iewed. 

T e c j t m 7 0 g g  (Technical Progress Review). Prepared by the Gen- 
n'ash- 

vernnient Printing Office. Available on subscription for $2.00 
tic ; $2.80 foreign ; 55 cents per copy. Published quarterly. 
eview of reactor developn~ent is intended to assist interested 
the task of keeping abreast of new results in reactor tech- 

Each issue of the journal reviews reactor 
ress on a current basis. 

riaEs (Technical Progress Review). Prepared by Battelle 
Washington, U.S. 

ting Office. Available on subscription for  $2.00 per year 
details, and dey $3.50 foreign ; 55 Cents per COPS. Published quarterly. This quar- 

covers significant developments in the field of solid reactor core 
his country. It is It prorides a convenient condensed source of information to two 

(1) those who wish to keep abreast of developments in  a nstitution and in 
(2)  those interested in learning where to find detailed ac- d by J. W. Chasbin, 

of work in particular areas. Colnplete bibliographies are provided at 

Fuel Processi??? (Technical Progress Review ) . Prepared by Argonne 
Washington, 

g Office. Available on subscription for $2.00 per year 
$2.50 foreign ; 53 cents per copy. Published quarterly. This quar- 

rpriew of reactor fuel processing is intended to assist interested organi- 
jn keeping abreast of progress in this field. Each review covers those 

alar subjects in which significant advances have been made. 

lesr ~~gineer ix lg  CorI). for C.S. dtoniic Energy Commission. 

cicilian application. 

ttion technique, u~ 

E. S. Atomic Energy Commission. 

of bd 

:., 1958. 3% p~g@s. 

sets for th  informntj* 
,perating problems b% 

1 IaboratorP of the U.S. Atomic Energy Commission. 

:S 

Commission. IY'nb 
jtpaid on subscript 

DEPOSITORY LIBRARIES 
price per single W ~ Y .  %: 

Cumulated-index t 
io, foreign; price Wr 

to make the nonclassified results of Commission research and develop 
ilable to the public, the following libraries serve as depositories for 

COnlmiSSiOn'S nonclassified reports. The Commission also 
railable through these libraries atomic energy reports of countries &her 

A number of other university and 
urrent Co11mission d L.S. that are abstracted in XSA. related t a r  

US. DEPOSITORIES 

CALIFORKIA 
hlrurn University. Berkeley, University of California 
ham, Birmingham Public General Library. 

Lm Angeles, University of California 

University of Arizona. aknlo  Park, Stanford Research 

San Diego, Sari Diego Public Library. 

Library. 

Institute. 
ersity Of Arkansas. 
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COLORADO 
Denver, The Public Library, The 

City and County of Denver. 
CONNECTICUT 

DELAWARE 
New Haven, Yale University Library. 

Sewark, University of Delaware 
Library. 

DISTRICT OF COLUMBIA 

FLORJBA 
Washington, Library of Congress. 

Coral Gables, University of Miami 

Gainesrille, University of Florida 
Library. 

Library. 
GEOEQIA 

Atlanta, Georgia Institute of Tech- 
nology Library. 

HAWAII 
Honolulu, University of Hawaii 

Chicago, John Crerar Library. 
Chicago, University of Chicago 

Evanston, Northwestern University 

Urbana, University of Illinois 

ILLINOIB 

Library. 

Library. 

Library. 
INDIANA 

Indianapolis, Indianapolis Public 

Lafayette, Purdue University Li- 
Library. 

brary. 
IOWA 

KANSAS 
Ames, Iowa State College Library. 

Manhattan, Kansas State College 
School of Engineering and Archi- 
tecture. 

KENTUCKY 
Lexington, University of Kentucky 

Louisrille, University of Louisville 
Library. 

Library. 
LOUI SUN A 

Baton Rouge, Louisiana State Uni- 

New Orleans, W a n e  University 
versity Library. 

Library. 

Cambridge, Harrard un. 
Cambridge, Massachusetts 

brary. 

of TechnologS Library. 

Ann Arbor, University of 

Detroit, Detroit Publi 

Minneapolis, Unive 

~IICHIGAN 

Library. 

NIKNESOTA 

sota Library. 
j\lISSOUR..l 

Kansas City, Linda Hall Lib%- 
Rolla, University of ~b 

of Mines and &tallnr 
St. Louis, Washington 

Library. 
MONTANA 

Bozeman, Montana State % 

Reno, University of N e v a  

Princeton, Princeton Cnh 

brary. 
NEVADA 

m ~ s i t y  Park, Penn: 
NEW JERSEY mversity, Pattee Lj 

brary. 
NEW MEXICO 

Albuquerque, University & 
Mexico Library. 

NEW Yoag: 
Buffalo, University of Bu€€s& 

wood Nemorial Libran. 
Ithaca, Cornell Univ 
New Pork, Atomic Ind 
New Pork, Columbia 

New 'Tork, New Pork 
Rochester, University 

brary. 

Library. 

Syracuse, S ~ a c u s  I; 
Troy, Rensselaer Pol 

tute Library. 
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AUSTRIA 
Vienna, Zentral Bibliothek der Physikalischen Institute der Universitiit 
Yienna, International Atomic Energy Agency. 

Brussels, Centre d’Etudes pour les Applications de 1’Energie xuc14airt. 
Brussels, La Bibliotheque EURATOM. 

Rio de Janeiro, Instituto Brasileiro de Bihliografia e Documentacao. 

Rangoon, Union of Burma Applied Research Institute. 

Hamilton, McMaster University. 
Ottawa, National Research Council Library. 
Vancouver, University of British Columbia. 

Colombo, University of Ceylon. 

Santiago, Ministerio de Relaciones Esteriores. 

Hsinchu, Formosa, National Tsing Hua University Library. 

Bogoth, Comision de Energia Atomiea de Colombia. 

San Pedro, University of Costa Rica Library. 

Havana, Comision de Energia Nuclear de Cuba. 

Risii, Danish Atomic Energy Commission. 

Ciudad Trujillo, National Palace. 

Quito, Escuela Politecnica Nacional. 

Cairo, Atomic Energy Commission. 

San Salvador, Universidad Nacional, Facultad de Ingenieria. 

Birmingham, Central Library. 
Bristol, Central Library. 
Kingston upon Hull, Central Library. 
Leeds, Central Library. 
Liverpool, Central Library. 
London, Central Library, Acton. 
London, Science Museum Library, South Kensington. 
Manchester, Central Library. 
Nemcastle upon Tyne, Central Library. 
Nottingham, Public Libraries. 
Sheffield, Central Library. 

Helsinki, Teknillisen Korkeakoulnn Kirjasto. 

BELQIUM 

BRAZIL 

BURMA 

CANADA 

CEYLON 

CHILE 

CHIXA 

COLOMBIA 

Itttmba~, Department o 

ington, D.C., Pan  f 

ran, Tehran Univers 

Bghdnd, Iraqi Atomic 

CO8TA RICA 

CUBA 

DENMARK 

DOMINICAN REPUBLIC 

ECUADOR 
rir, Israel Atomic f 

EQYPT 
Comitato Nazion 

E t  SALVADOB Euratom Research 

ENGLAND , Science Section, I 

Atomic Energy Ref 

FINLAND 

5 0 G b 3 U  



Ute.  

Library. 

1. 

Ingenieria. 

:on. 

Energia A idmica. 

Atomic Energy Research Institute. 

*=e. American Unirersity. 
rsaot'm 
-:*teur,o, Ministry of Transport and Electricity. 

=a, D.F., Comision Nacional de Energia Nuclear. 

e. Reactor Centrum Nederland. 

ePartment of Scientific and Industrial Research. 

D@mrtment of Industria1 and Forensic Science. 
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hTOEWAY 
Lillestrom, Iristitutt for Atomenergi. 

Karachi, Atomic Energy Commission. 

Lima, Biblioteca Kacional. 

Manila, Philippine Atomic Energy Commission. 

Warsaw, Biura Pelnomocnika Rzadu do Spraw Wykorzystan 

PAKI6TAN 

PERU 

PHILIPPINE REPUBLIC 

POLAND 

Jadrowej. 
POBTUGAL 

Lisbon, Junta de Energia Nuclear. 

Leopoldville, Universit6 Lovanium. 

Glasgow, Mitchell Library. 

Madrid, Junta  de Energia Nuclear. 

Stockholm, Atomenergi AB. 

Geneva, United Nations Library. 
Zurich, Institut fu r  Physik, Eidg. Technische Hochschule. 

Bangkok, Office of the Thai Atomic Energy Commission, 

~~ s.C .______ ------__ REPUBLIC OF THE CONGO 

SCOTLAND 

SPAIN 

SWEDEN 

SWITZERLAND Ridge, Tenn _ _ _ _ _  -___ 

THAILAND 

Science. 
TUR.KEY 

UNION OF SOUTH AFRICA 
Ankara, Turkish Atomic Energy Commission, Atomic Energy LitmQ. 

Pretoria, Atomic Energy Board Library, Council for Scientific and 1- 
Research. 

UNITED NATIONS 
New Pork, N.Y., U.N. Headquarters. 

Montevideo, Universidad de Montevideo. 

Caracas, Instituto Venezolano de Inrestigaciones Cientificas 

Saigon, Office of Atomic Energy. 

Belgrade, Federal Xuclear Energy Con 

USUGUAY 

VENEZUELA 

VIET-NAM 

Y tJo06LAVL4 
imission. 



vykorzystania 

iule. 

mission, Department e 

,ic Energy Library. 

Scientific and I n d u r n  

Cientificas 

APPENDIX 7 

libraries are located a t  the following Commission offices and 

D,C __------ Maryland, Virginia, West Virginia, District of Colum- 
bia, Delaware and Canada. 

sork, p~.p _ _ - _ _ - - - _ _  New Pork, Maine, Kew Hampshire, Vermont, Massa- 
chusetts, Connecticut, Rhode Island, Pennsylvania 
and New Jersey, 

_ _  _ _ _ _  - __-  -_ Alabama, Florida, North Carolina, South Carolina 
and Georgia. 

Idaho------- Xontaaa, U t a h  and Idaho. 

The 
aerra . 
i.#biDr 

%& 

aesb from the following States : 

c p a ,  s a  .-- 

@ b O F D , .  calrf--------- -. California and Hawaii. 
Ja&ion, Colo----- Colorado, Wyoming, Kansas and Kebraska. 

w,nt, 111-------------- North Dakota, South Dakota, Missouri, Iowa, Omlo, 
Indiana, Michigan, Minnesota, Wisconsin and IU- 
nois. 

& @ d e ,  Term--------- Kentucky, Mississippi, Arkansas, Louisiana and 
Tennessee. 

nerqae, N. &lex----. xerada, Arizona, Kew Mexico, Texas and Oklahoma. 
*hn& Wash--------- Washington, Oregon and Alaska. 
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REG ULA4TIOS S OF 

APPE 
THE U.S. 

PART &CRITERIA AA-D PROCEDURES FOR 
D E T E R M I X I N O  ELIGIBILITY FOR SECU- 
RITY CLEARANCE 

APPLICATIOE TO GOVERKMEKT 

EMPLOYMENT 

The current title of 10 CFR Part 4 is 
changed from “Criteria and Procedures 
for Determining Eligibility for Security 
Clearance” to “Criteria and Procedures 
for Determining Eligibility for Security 
Clearance for  AEC employment.” 

The three amendments to the present 
10 CFR Part 4, “Criteria and Pro- 
cedures for Determining Eligibility for 
Security Clearance” are  as follows : 

Section 4.2 is amended to read as 
follows : 

0 4.2 Scope. 
The criteria and procedures outlined 

in this part shall be used in those cases 
in which there are qiiestions of eligibil- 
ity for AEC security clearance for em- 
ployment, involving : 

( a )  Employees (including consult- 
ants) of, and applicants for employ- 
ment with, the Atomic Energy Com- 
mission ; 

(b)  Those other persons designated 
by the General Manager of the Atomic 
Energy Commission. 

B. Paragraph ( c )  of $4.25(c) is 
amended to read: 

4.23 Appointment of Personnel SI+ 
curity Boards. 
* * * * 

( c )  The personnel of the Board shall 
be selected from a panel of individuals 

1 Policies and regulations of the U . s  
Atomic Energy Commission announced prioi 
to this Annual Report can be found in tht 
Fccleral Register and in the following semi 
annual reports to Congress: Fifth, Sixth 
Ninth through the Serenteenth and Ntne 
teenth through the Twenty-fifth ; also in thc 
Annual Report fo r  1959. 
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PART & I N T F , R P R E T A T I ~ ~ ~  
1 (hereafter cited a PRICE-AKDERSON ~m 

An interpretation of section 1 
iereby added t o  the regulatiom 
LO, Chapter 1, CFR Par 
;aim interpretations of the 
Energy Act of 1954 (68 Stat, 9 er State or Fed 
If regulations of the Atomic on Acts of emplc 
Cammission issued thereunder. who are employt 

aection with the 
S.2 Interpretation of Pri incident occurs, 

Act, section 170 ng out of an act 
Energy Act of 1954. 

( a )  It is my opinion that 8 ~ 1  ip 

agreement entered into by the 
Energy Commission under the 
of the Atomic Energy &A of 
u.S.C. b 2011, et seq.), her 
“the Act,” as amended bS 
5 5 - 5 6  (the “price-,4nde 
U.S.C. 8 2210) indemnifies 
demnified against Pub1 
bodily injury, sickness, d a s e e r  

covered under t 
otection required, 
c3tP.d a t  the site 
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dtlmage to property, or f c  
,If ‘'ref property caused outsid 

tPS by n nuclear incider 
I1 the Ciiited States. 
170 authorizes the Con 

against “publi 
in section 11 ( u )  o 

age under the Act there 
~ p,edic3ted upon ‘‘public liabil 

~ f €- 

- Snd incident.” Determi - the Act’s coverage, therefore 
finding that these tw 

CBSe of damage outside 01 
States caused by a nucleai 

in the United States there 
‘goUClear incident” as defined 
ll(o) since there would be a 

mithin the United Statc 
- * * damage.”’ The “occu 

&@ d c e  LLoccurrence” is intende 
cf be “that event a t  the site o 
4 activity * * * which ma 

damage rather than the site wher 
-+ amage may perhaps be caused. 
-w.-%, 85th Cbng., 1st Sess., p. 1( 

(hereafter cited as Report). I1 
~ ( 0 )  an “occurrence” is tha 

elmes damage. It would bc 

e 1 1 ~ .  “The term ‘public liability 
finr legal liability ar is ing o u t  of o 

from a nuclear incident, excep 
er State or Federal  Workmen’ 
on Acts of employees of person: 
who are employed at  the  s i te  o 

= connection with the  activity when 
r incident occurs, a n d  except foi 

‘Public 
also includes damage to propert j  
indemnified : Provided, T h a t  such e IS covered under the terms of the 

~ rotection required, except propertg 
m t e d  a t  the s i te  of and  used i n  
with the  activity where the  nu- 

“The term ‘nuclear incident’ 
CWrenCe within the  Qnited 
bodily injury, sickness, dib- 

Or loss of or damage to  prop- 
‘or 108s of use of property,  arising 

n& from the radioactire, tonic. 
t h w  hazardous properties of 

nuclear. or byproduct ma- 

t t  recluires (I) “legal liability’ 

a i  8 

of 
care 
E are present. 
la -** 

e a  aould be “within the Unite 

-*= 

/ 

‘* 
&sing o u t  of an  act of war. 

c 
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therefore, an event taking place a t  the 
site. This definition of “occurrence” is 
referred to in the Report a t  page 32 and 
is crucial to the Act’s placing of venue 
under section l iO(e) .3  I n  its definition 
of “nuclear incident.” the Act makes 110 
limitation upon the place where the 
damage is received but states only that 
the “occurrence” must be within the 
United States. 

(d )  Similarly, the requirement of “le- 
gal liability” would be met. The words 
of the Act impose no limitation that  the 
Liability be one for damage caused in the 
United States but, on the contrary, are 
?xceedingly broad permitting indemnifi- 
:ation for “any legal liability.” I n  the 
nost exhaustire study of the subject, i t  
s stated that the phrase “any legal lia- 
)ility” indicates that  liability for dam- 
ige outside the United States is covered 
)y the Act. Atomic Industrial Forum, 
Tinancia1 Protection Against Atomic 
lazards  61 n. 355 (1957). 

(e)  Thus the precise language of the 
Lct provides coverage for damage ensu- 
ng both within and without the United 
ltates arising out of an occurrence 
:ithin the United States. There mould 
e no occasion for doubt were it not for  
single statement contained in  the Re- 

or t  of the Joint Committee on Atomic 
lnergy on the Price-Anderson Act. The 
teport states, at p. 16 tha t  “if there is 
nything from a nuclear incident at the 
censed activity which causes injury 
broad, or if there is any actiyity abroad 
hich causes further injury in the 
nited States the situation will require 
irther inrestigation a t  that  time.” 
his sentence follows an explicit and 

8In order to pror ide a framework fo r  es- 
blishing t h e  l imitation of liability, t h e  
ommission o r  a n y  person indemnified IS 
srmitted t o  apply to  the  appropriate  dis t r ic t  
u r t  of the  United States  which h a s  venue 
bankruptcy mat te rs  over t h e  s i te  of the  

[clear incident. Again it should be pointed 
t t h a t  t h e  s i te  is where the  occurrence 
kes place which gives rise to t h e  liability, 
t the  place where t h e  damage may be 
used * *.” Report,  p. 22. 
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* * * The occurrence which is the subject 
of this definition is tha t  event a t  the d t e  of 
the  licensed activity, or activity for  which 
the Commission has entered into a contract, 
which may cause damage, rather than the 
site where the damage may perhaps be 
caused. This site must be within the United 
States. The suggested exclusion of facilities 
under license fo r  export was not accepted. 
This I s  because the definition of “nuclear 
incident” limits the occurrence causing dam- 
age to one within the United States. It 
does not matter what license may be appli- 
cable if the occurrence is within the United 
States. If there is anything from a nuclear 
incident at the licensed activity which causes 
injury abroad or if there is any activity 
abroad which causes further injury in the 
United States t h e  situation mill require far- 
ther investigation by the Congress at t h a t  
time * * * 

Read literally, the last sentence would 
seem inconsistent with the preceding 
statement. It is, however, possible to 
read the sentence as consistent with the 
preceding statement if it is taken a s  in- 
dicating a recognition by Congress of the 
fact that the statutory limitation of lia- 
bility to $5OO,oOO,OOO would probably not 
limit claims by foreign residents to that 
amount in foreign courts and that  there- 
fore the persons indemnified were not 
fully protected against bankrupting 
claims, one of the primary purposes of 
the bill? 

( f )  The point in  question received 
scant consideration during the hearings 
preceding adoption of the bill held by 
the Joint Committee on Atomic Energy. 
A summary of the study of the Atomic 
Industrial Forum, cited above, was in- 
troduced into the record of the hearing 
and included a conclusion that  the pro- 
visions of the bill seemed to cover the 
situation? That conclusion would seem 
entitled to more than ordinary weight 

4 Atomic Industrial Forum, Financial Pro- 
tection Against Atomic Hazards, The Inter- 
national Aspects, p. 52 (1959). 

6 Hearings before the Joint Committee on 
Atomic Energy, Governmental Indemnity and 
Reactor Safety, 85th Cong., 1st Sess., p. 181 
(1987) (hereinafter referred to  as “Hear- 
tnge.”) 

us eo1 
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lengthy statement that the “OCCU~~en~e” 
is an event at the site of the activity: 

a new subsection which sta ta  ~ 

alia : 
In order * to encourage fie 

ested above, i. 
the United States may make 
for  a portion of the damages 
public from nuclear incidents, essional inabil 
the liability of those persons 1 ility, or must 
losses. 

This statutory purpose is frustraeg 

e the atomic energy industry is nnt 
tected from bankrupting l i ab iuk  
damages caused abroad by an a 
occurring in the United States* 

~ 

g& testimony before the 

8 Hearings, p. 166. 
THearings, p. 162. 
8 Hearings, p. 97. It is s!gnifi 

t h a t  Mr. Haugh stated a t  tha 
problem of the reactor operator 
cerned with any type of liability. 
that the  Insurance contracts fp 

ince where 
Df the country an 
T n i t d  Cltefna nn thief 

cover industry% 
5 omintrim who 

“* * * the  instr 
happenCed3 out 
brought in  the LuALvu .J-cb.u yy - 
t h a t  “[Tlo be adequate, the g0-r . _. 
indemnity must 
residents of the. -y_I____I _ _  
result of an accident at an l n s h h w b  
in the United States,” p. 61. m@ 
tainly the case and one of the wi 
gressional purposes is frustrated , 
Act be said to  be unclear on this * 
principal reason f o r  the condodon mh 
is coverage reached in the F o m  sr- 
the  fac t  t h a t  PriceAnderson Pe 
demnity fo r  “any legal IfabfliU* 
Murphy, Director of the 6fldS In 

The Atomic Industrial Forum st&# 

* - 
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rum study 
eration of t l  
the study 
m the 1956 
n confusing 
jrt noted ab 

of the comprehensive study 01 
Law apparently relying upon 
history, stated that the prob. 
Ctor accident in the United 

.ugh stated at that PO 

nstance where * * n Atomic Energy, Indem- 
Safety, 86th Cong., 1st 

be adequate, the 

only the question of 
claims seems t o  me 

Quage used, "any legal 

narrow reading be 
ad statutory Ian- 

Congressional purpose would be 
at Price-BnderSOn *: . atany legal liabilfty- 
rector of the etudyf In * 

procedures for resolving questions con- 
cerning the eligibility of an individual 
who is not an AEC employee or appli- 
-ant for AEC employment for access to 
Restricted Data pursuant to the Atomic 
Energy Act of 1954, as amended, or for  
iccess to defense information, are pub- 
ished to implement Executive Order 
10865,25 F.R. 1583 (February 24,1960). 
t should be noted that these rules relate 
o personnel employed by or applicants 
or employment with AEC contractors, 
gents, access permittees, and licensees 

if the AEC, while the rules contained in 
'art 4 of the Atomic Energy Commis- 
ion's rules and regulations relate to 
riteria and procedures for resolving 
uestions concerning the eligibility of an 
idividual for security clearance for 
.EC employment under the Atomic 
Inergy Act of 1954, as amended. 
Because these regulations relate to the 
erformance of AEC functions as de- 
xibed in section 4(2) of the Adminis- 
=ative Procedure Act of 1946, 5 13.S.C. 
!&ion 1003(2), the Commission has 
)und that general notice of proposed 
ilemaking and public procedure there- 
i are not required and that good cause 
iists why these rules should be made 
ffectire immediately without the cus- 
)mary period of prior notice. 
Because of the important nature of 
le regulations contained herein, the 
ommission invites written comments 
*om interested members of the public. 
hese comments should be mailed to the 
eneral Counsel, U.S. Atomic Energy 
Jmmission, Washington 25, D.C. 
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Purpose of the procedures. 
Suspension of access. 
Notice to  individual. 
Additional information. 
Failure of individual to request a 

Selection of Hearing Counsel. 
Appointment of Personnel Security 

Conduct of proceedings. 
Recommendation of the Board. 
hTew eridence. 
Actions on the recommendations. 
Recommendations of the AEC Per- 

sonnel Security Review Board. 
Action by the General Manager. 
Action by the Commission. 
Reconsideration of cases. 

hearing. 

Boards. 

ire Order 10865. 25 F.R. 1z8 
r y  24, 1960). 

10.2 scope. 

AUTHORITY : $ g l O . l  to 10.35 issued under 
sec. 161, GS Stat .  94S, as amended ; 42 U.S.C. 
2201. 

GEKERAL PROVISIOKS 

Pursuant to the Administrative Pro- 
cedure Act, the folloving rules are pub- 
lished as a document subject to cocfifi- 
cation, to be effective immediately upon 
pnblication in the FEDERAL REGISTER. 

GESERAL PROVISIONS 
Sec. 
10.1 Purpose. 
10.2 Scope. 
10.3 Reference. 
10.4 Policy. 
10.5 Definitions. 

CRITERIA F O R  DETERXfNING ELIGIBfLITP F O R  
ACCESS TO RESTRICTED DATA OR DEFENSE 
ISFORMATION WITHIS INDUSTRY 

$10.1 Purpose. 
This par t  establishes the criteria, pro- 

cedures, and methods for  resolving 
questions concerning the eligibility ol 
a n  individual for  access to Restricted 
Data  pursuant to the Atomic Energs 
Act of 1954, as amended. The appro 
priate prorisions of this par t  are alsc. 
to be used to the extent the Commis 
sion has  responsibilities under Execu 

10.10 
10.11 

10.20 
10.21 
10.22 
10.23 
10.24 

10.25 
10.26 

10.27 
10.2s 
10.29 
10.30 
10.31 

10.32 
10.33 
10.34 

10.35 
10.36 
10.37 
10.3s 

Application of the criteria. 
Derogatory information. 

PROCEDCRES 

n1ISCELLAXEOUS 

Terminations. 
Attorney Representation. 
Certifications. 
Washington area cases. 

The criteria and procedure 
n this part  shall be use 
n which there are qu 
)iIity for AEC ncce 
nrolring : 

( t i  ) Those emplowes (including ~~ 

;ultants) of, and those applicano e- 
:mploymen t with, 

nission ; 

)f the h E C  and th 
bluding consultants and applicant 
mployment ; and 

(c )  Those other persons des 
1s the General Manager of the 
Energy Commission. 

3 10.3 Reference. 

#tione ( a )  and (b)  o 
H~ of the members of 

@fl i f~  those speciflc 
,dS hfsh degree of imp 
d,tg Bod upon such cert 
-don and reports re 

Energy Act of are as followp ,&ions shall be mode 
sHu of Investigation i n  

&mice Commission. 
the Commission to con 

atxi specifications in n ind disclosure of Restricted Data io mz 
manner as to assure the common debbG 
security * * * 

The pertinent sections of the A 

location and , contract shall be made or continued 
under section 41, and no licens 
issued under section 103 or 104, 

Thenever the  Congrec 
of war exists, or in th 
asaster due to  ener civil Service Commission 

in investigation and rePo 
sion on the character, 

such person to have access to 
Data will not endanger the COmm 

and security. 
(b) Except as authorized bY 

sion or  the  General Manager 11 

bIanager t h a t  SUC 
sistent with the 
vidual shall be employed bY the 
nor shall the Commission permit 
vidual to hare  access to Restricted 
the civil  Serviue commission shall 
a n  investigation 
sion on the  ch 



,e Atomic En 

-: permittees ana 
and their employm 
litants) and applicants 
, and 

Q -  

other persons deg 
tal Manager of the A 
mission. ~ ~ - 

-_ 
~ 

!renee. 
nent sections of the A 
of 1954 are as folloFbi 

p0zic.y. It shall be the 

Jlaims such privilege. Witnesses subpoenaed 
inder this subsection, shall be paid the same 
‘ees and mileage as are  paid witnesses in  
he district courts of the United States. 

8 8 8 

(n )  Delegate to the General Manager or 
itber ofticers of the  Commission any of those 
unctions assigned to it under  this Act ex- 
ept those specified in sections 51, 57a(3 ) ,  
;1, 102 (with respect to the finding of a 
ractical value), 106,123, 145b (with respect 
o the determination of those persons to  
rhom the Commission may reveal Restricted 
)ata in the  national interest), 145e, and 
61a. 

10.4 Policy. 
It is the policy of the Atomic Energy 

lomission to carry out its responsi- 
ility for the security of the atomic 
nergy program in a manner consistent 
r i t h  traditional American concepts of 
istice. To this end, the Commission 
z s  established criteria for determining 
igibility f o r  access authorization and 
ill afford those individuals described 

10.2 the opportunity for adminis- 
ative reriew of questions concerning 
eir elibilibity for access authoriza- 
311. 

10.5 Definitions. 
As used in this part : 
( a )  “Access authorization” means an  
ministrative determination that an  
clividual is eligible for access to Re- 
k t e d  Data or defense information ; 
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(b) “Personnel Security Board” 
means an advisory board appointed by 
the Manager of Operations and consist- 
ing of three members, one of whom 
shall be designated as Chairman; 

( c )  “Hearing Counsel” means an 
BEC attorney assigned to prepare arid 
conduct Personnel Security Board 
hearings ; 

(a )  “AEC Personnel Security Reriew 
Board” means an advisory appeal board 
located in Washington, D.C., consisting 
of three members, one of whom shall bf 
designated as Chairman ; 

(e) “Commission” means the commis 
sion of five members or a quorum there0 
sitting as  a body, as provided by sectiox 
21 of the Atomic Energy Act of 1954, a: 
amended. 

CRITERIA FOE DETEBMININa ELIBIBILIT’ 
FOR ACCESS TO RESTRICTED DATA OB DE 
FENSE INFOR%IATIOB 

10.10 Application of the criteria. 
(a )  The decision as to amss author- 

ization is a comprehensive, common- 
sense jud-aent, made after considera- 
tion of all the relevant information, 
favorable or unfavorable, as to  whether 
the granting of access authorizatior 
would endanger the common defense an( 
security and would be clearly consisten 
with the national interest. 

(b)  To assist in making these deter 
ruinations, on the basis of all the infor 
mation in a particular case, there ari 
set forth in this part a number of spc 
cific types of derogatory informatior 
These criteria are not exhaustive bu 
contain the principal types of derogE 
tory information which create a que! 
tion as to the individual’s eligibility f c  
access authorization. While there mu! 
necessarily be adherence to such cr 
teria, the Commission is not limite 
thereto, nor precluded from exercisir 
its judgment that information or fac 
in a case under its cognizance are der0 
atory although at variance with, or ou 
side the scope of, the stated categoric 
These criteria are subject to continub 

5 0 0 b ? 5 2  

lzT= 8 

view and mag be m-ised fro@ 
ne as experience and C’ 

ay make desirable. 
(e) T h e n  the reports of im 

on of an  indiridual contain 
on reasonably tending to estab& 
-uth of one or more of th 
siteria, such information shaB ~ a 
arded as substantially derogate 
la11 create a question as to 
ility for access 8Uthorizatioa 
gers of Operations sha 
lrolring substantia 
ormation to the Direc 
,ecurity, AEC. The D 
f Security, AEC, may aUthOrb 
Tanting of access authorization ~ ~ 

[asis of the information in the -- 
nay authorize the conduct of an .< 
riew with the individual and, 

group designatc basis of such interview and 
~ 

.nvestigation as he General pursuant 
may authorize the gr f(k1350. ns amendt 

unl did not with- authorization. Otherwise, a 
concerning the eligibil s h i p  when the o 

tified, or did not t 
ual for access authorization 
resolved in  corda an 
cedures set forth in 8 10.20 et &prior to the declara 

(a) In resolving a question 

of such an or ing the eligibility or continned 
f an individual for access a where he sho 
ion, the following principles 
pplied by the Board : 

ient to establish a reason8 aims. (If a n  or 
0 the truth of one or more 
n Category “A”, thi 
’or a recommendation for fk‘Km 

;atisfactorily rebutted by a@ 

(1) Where there are grounds 

*evoking access a 



formation in the 
the conduct of ft 

e the granting ct 
Otherwise, a 

e eligibility of an 
5s authorization 

‘0r-h in 8 10.2@ et &%& 

;olring a question crt 
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c6d3’ derogatory info; 
“A” includes tho: 

icb the individual or hi 

itted or attempted to con 
etted another wh 

to commit, an 
espionage, treason o 

espionage or sabotag 
foreign nation : ,with ind 

relisbly reported as suspecte< 
tage ; with reprc 
nations whose ir 

be inimical to the interest 
ith traitors, sedj 

ts, or revolutionists 
rship in any organizl 

pursuant to Executir 
s amended, provided th 
not withdraw from sucj 

rganization wa 
tifid. or did not otherwise estab 
& d i m  of its subversive aims 

to  the declaration by the At 
General, participated in th 

ility or continued of such an organization in 1 

dual for  access ahere he should reasonabl: 
lowing principles stun knovledge as to the subver 
le Board : of the organization and dit 
e there are g r o u n b  btish his rejection of its sub 
,blish a reasonable aims. (If an organization ha; 

o w d  from the Attorney Gen 
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sonal Hist I s i m c a n  t 
:ory Statement concerni 
matter ; 
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ng a 

(6)  Tilfullp violated or disregarded 
security regulations to a degree which 
would endanger the common defense and 
szcurity ; or intentionally disclosed clas- 
sified information to any person not au- 
thorized to receive it ; 

( 7 )  Any mental illness of a nature 
which in the opinion of competent medi- 
cal authority may cause -significant de- 
fect in the judgment or reliability of the 
indiyidual ; 

(6)  Been conricted of crimes indi- 
cating habitual criminal tendencies : 

(9)  Been, or is, a user of drugs habit- 
ually, without adequate eridence of 
rehabilitation. 

(b) Category  “B” derogatorv infm*- 
mation. In evaluating items under this 
category, the extent of the activities, 
the period in which such activities oc- 
curred, the length of time which has 
since elapsed, and the attitudes and 
con-i-ictions of the individual shall be 
considered. Category “B” includes 
those cases in which the individual or 
his spouse has : 

(1) Advocated totalitarian, fascist, 
communist or other subversive political 
ideologies and has not subsequently es- 
tablished his rejection of them. 

(2 )  Associated with persons falling 
within the provisions of Category “B”, 
subparagraph (1) of this paragraph, 
when the individual himself did not es- 
tablish his rejection of such ideologies. 
(Ordinarily this mill not include chance 
Dr casual meetings nor contacts limited 
to normal business or official relations. ) 
(3) AfEiliated with any organization 

Ir group designated in Category “A”, 
iaragraph (a) (3), of this section, pro- 
.ided the individual did not discontinue 
uch afEliation when the organization 
ras so identified or  did not otherwise 
stablish his rejection of its subversive 
ims ; 

(4) Associated with any person fall- 
og within the provisions of Category 
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tinue such association when the organi- der 10S6.5. when it has be 
zation R-aS so identified or did not other- that Such questions cam 
wise establish his rejection of its sub- ’ resolved by int@rT-ieT or 

rersive aims. (Ordinarilr this xill not gation. 
include chance or casual meetings 10.21 Srisirension of 
contacts limited to normal business O r  

In those cases where illforuQ official relations. ) 
received which raises a questio ( 5 )  Parent(s),  brother(s), sister(s1, 

spouse, or offspring residing in a nation cerning the continued e 
indiridual for AEC access aU; whose interests may be inimical to the 

I tion, the Manager of the o f f i c e  cc,~, interests of the United States, or in 
satellites or occupied areas thereof (to shall to the General 
be evaluated in the light of the risk that 
pressure applied through such close rei- 

ria the Director, oI 
his recomrlleudatio 

atives could force the  individual to re- the acceSS aut*, 
should be suspended pending ~ 

veal sensitive information or perform I 

determination resulting an act of sabotage) ; Category “B” also 
includes those cases in which the indi- eration of the Procedures Proti 

this part. vidual : 

Forces when such refusal cannot be factors as the seriousnes 
tory information developed, th clearly shown to be due to religious 
access of the indiridu convictions ; 
formation, and the indiridunys (7)  Has been grossly careless in fail- 
tunity by reason of his position ing to protect or safeguard any Re- 

stricted Data or defense information : mit acts adversely affecting the rtp 

security. The access a (S )  Has abused trust, has been dls- 

an individual shall honest, or has engaged in infamous, im- 
except by direction of the Gen moral or notoriously disgraceful con- 
ager. duct without adequate evidence of refor- 

mation ; 
(9) 1s a sexual perrert or homo- I 10.22 Notice to indiyidual. 

sexual ; A notification letter, prepared b 3 in his own 
(10) Is a user of alcohol habitually Division of Security, AEC, ttppmdk 

and to excess, or has been such without the Office of the General Cow: 
adequate eridence of rehabilitation : signed by the Xanager of f 1, be present t 

(11) Refuses. upon the ground of shall be presented to each arid be acco 
constitutional privilege against Self- whose eligibility for a nd advised by cc 
incrimination, to testify before a Con- tion is in question. There 
gressional Committee regarding charges such letter shall be present 
of his alleged dislogaltg or other mis- diridual in person. The letter written request f 
conduct. state : 

tion. 

In making this r 
(6)  Refuses to Serve in the Armed tion the lfanager shall con 

when it is a1 

PROCEDURES ( a )  That reliable informati 
session of the Commission h@ 
substantial doubt con 8 10.20 Purpose of the procedures. 

These procedures establish methods Tidual’s eligibility for acces au 
for the conduct of personnel security tion; 
board hearings and administrative re- ( b )  The information ah i  
riew of questions concerning an  indi- substantial doubt regardiug 
vidual’s eligibility for access authoriza- ual’s eligiGilitF for access suth 
tion pursuant to the Atomic Energy Act shall be as comprehensive and 
of 1934, as amended, and Executive Or- as  the national SeCUritY Prm” 
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when it has been 
questions cannot be 
y inteniew or 

,uspension of access 

,e cases where 
which raises a 
he continued efigibilit 
11 for AEC access 
Manager of the office 
ward to the General 
Director, Dirision of 
; recommendation afi 
iridual’s access auth 
>e suspended Pending 1 be scheduled be- 
nation resulting from 
of the procedures p rd for the convenience and 
t. I n  making this a e  parties or their repre- 

for the purpose of affording e Nanager shall con 
as the seriousness dual an opportunity of sup- 

y for access au- formation developed, the 
of the individual 

ividual requests a ion, and the individualqs 
ified in writing of by reason Of hi 

e E h i p  of a Personnel Security is adversely affecting the 0 

d when it is appointed by the :y. The access 
jividual shall not be 
by direction Of  That the individual will have the 

the individual de. 
bearing he must within 
the date of receipt of the 

tter indicate in writing t c  
from whom he receives 

q-ishe a hearing be- 

sitGn twenty days of t h c  
e notification letter, 
file with the Bian- 

om he receired Such letter 
under oath or affir. 

of reported infor. 
sbicb raises the quation Of  his 

for access authorization ; 

basis of the information in the case 
Kithout reference to a Personnel Secu- 
rity Board : 

(i His access authorization status 
until further notice ; 

(j) The name of the designated AEC 
official to contact for any further in- 
formation desired. 

0 10.33 Additional information. 
A copy of this part shall be given to 

the individual with the notification 
1 et t er. 
5 10.24 Failure of indiridual to request 

(a) In  the event the individual fails, 
within the prescribed time, to file a writ- 
ten request for a hearing before a Per- 
sonnel Security Board, pursuant to 
8 10.22, tl recommendation as to the final 
action to be taken shall be made by the 
Manager of Operations to the General 
Manager on the basis of the information 
In the case; 

(b)  The Manager of Operations may 
€or good cause shown, a t  the request of 
the individual, extend the time for filing 
a written request for a hearing or for 
filing a written answer to the matters 
contained in the notification letter. 
8 10.25 Selection of AEC Hearing 

(a) Upon receipt from the individual 
of his written answer to the notification 
letter, signifying his desire to appear 
before a Personnel Security Board and 
insmering under oath or affirmation the 
illegations contained in the notification 
etter, an AEC attorney shall forthwith 
)e assigned to act as Hearing Counsel ; 

(b)  Hearing Counsel shall, prior to 
;he scheduling of the Board hearing, 
qeriem the information in the case and 
;hall request the presence of witnesses 
md the production of physical evidence 
n accordance with the provisions of 
magraphs  (m) ,  (n ) ,  (01, and ( P I  of 

When the presence of a mit- 
xess is deemed by the Hearing Counsel 
;o be necessary or desirable to a proper 
letermination of the issues before the 

a hearing. 

Counsel. 

10.27. 
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Board, the Xanager shall make ar- 
rangement by subpoena or otherwise 
for such witnesses to appear, be con- 
fronted by the indiridual, and be sub- 
ject to examination and cross-enamina- 
tion ; 

(c) Hearing Counsel is authorized to 
consult directly with the individual if 
he is not represented by counsel, or if so 
represented with his counsel or repre- 
sentative, for  purposes of reaching mu- 
tual agreement upon arrangements for 
an expeditious hearing of the case. 
Such arrangements may include clari- 
fication of issues, and stipulations with 
respect to testimony and the contents 
of documents and other physical evi- 
dence. Such stipulations when entered 
into shall be binding upon the individual 
and the Atomic Energy Commission for 
the purposes of this part. Prior to such 
consultation the Hearing Counsel shall 
advise the individual of his right to 
Counsel or other representation and of 
the possibility that any statements made 
by the individual to the Hearing Coun- 
sel may be used in subsequent proceed- 
ings ; 

(d)  The individual is responsible for 
producing witnesses in his own behalf 
or presenting other proof before the 
board to support his answer and defense 
to the allegations contained in the noti- 
fication letter. When requested, how- 
ever, Hearing Counsel shall assist him 
to the extent practicable and necessary. 
In the Hearing Counsel’s sound discre- 
tion he may request the Manager of 
Operations to arrange for the issuance 
of subpoenas for witnesses to attend the 
hearing in the individual’s behalf, or 
for the production of specific documents 
or other physical evidence, provided a 
showing of the necessity for such assist- 
ance has been made. 

5 10.26 Appointment of Personnel Sea 

(a) Upon receipt of advice from the 
Hearing Counsel that all arrangements 
for an expeditions hearing have been 
completed, the Manager shall fortbwkb 

curity Boards. 

ippoint 
:onsisting of three memberB 
xhom shall be designated as t’ 
nan of the Personnel Securit 

xacticable as determined b 
iger, shall consist of at  least 
5er who is an attorney and 
who is familiar with th  
work of the indiriduai ; 

(c) The personnel OP the B~~~~ 
be selected from a panel of indiq 
Iossessing the highest degree 
‘ity, ability, and good 
Janels may include 
9EC or  its contract0 
I f  an S E C  contract 
member of a Personnel SecuHQ 
hearing the case of an emp 
an applicant for employmen 
contractor ; 

of Personnel Securi 
an AEC “Q” clearance; 

(e) No person s 
ber of a Personne 
has prejudged the case to 
mho possesses information that 
make it embarrassing to rendm 
tial recommendations or adrice: 
for bias or  prejudice generated fnr e 
reason would be unable to r e n k  
and impartial recommendatiaw 

(b)  The Personnel of 

(d)  All persons serving 88 

personnel Secur 
&&uled date, hc 

anduct  of prom 

rity Board in 81 

P e  

vice : 
( f )  Immediately upon th 

ment of a Personnel Security 
Manager will notify th 
the identity of the members 
sonnel Security Board and 
to challenge any member for 
challenge or challenges, 
the reasons therefor, to be fll 
the Manager within Seven$- 
of the receipt of the notice ; 

challenges a member or me 
Personnel Security Board, 
tion of the action of the i 
be determined by the Manager* 
the challenge of the in 
tained, the Manager shall 
point such new members 

made to protect tb 

toarrive at the trutl 

the time necess; 

(g) In  the event that the fndi 
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full personnel Securitx 
ify the iadiridual. The 
1 hare the right to  chal- 
members for cause and 
h d l  be dealt with in the 

as an original challenge 
so notify the indi 

n of any challenge. 
el security Board shall con- 

is reasonably practi- 

f Operations sha 
ual in writing, at  lea: 

in adranee, of the date, hou 
sonnel Security Boar 

the event the ind 
ear a t  the time an 

a recommendation as t 
to be taken shall be mad 

ger of Operations to th  
the basis of the iI 

in a e  case. However, th 
,,f Operations may for goo 
-, at the request of the in& 

diridual to appea 
personnel Security Board a t  

,hduled date, hour, and placc 

include emploSw 

L Personnel Security 
case of an employ* 

t for employment 

msons serving as 
1 Security Boards 8 

” clearance ; 
lerson shall s e n e  as 
hrsonnel Security BO 
ged the case to be hps, 
jses information that 
lbarrassing to =exl@r 
nendations Or adriee : 
prejudice generated fq 

uld be unable to render 
recommendations et 

Conduct of proceedings. 
e proceedings shall be con 
the Chairman of the Person 

riG Board in an orderly, im 
decorous manner with ever! 

@de to protect the interests o 
rernment and of the individua 
srrioe at the truth. In no cast 
ne delay be tolerated nor wil 

ual be hampered by undulj 
the time necessary for propel 

mediately upon the a i  

m-ill notify the indivii 
ty of the rnemkrs of I 
piiritr Board and of his 
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testify in the presence of other wit- 
nesses ; 

c )  1. Hearing Counsel shall examine 
and cross-examine witnesses and other- 
wise assist the Board in such a manner 
as to bring out a full and true disclosure 
of all facts, both farorable and unfavor- 
able, haring a bearing on the issues be- 
fore the Board. In performing his 
duties, he shall avoid the attitude of a 
prosecutor and shall always bear in 
mind that the proceeding is an  admin- 
istrative hearing and not a trial ; 

2. Hearing Counsel shall not partici- 
pate in the deliberations of the Board, 
md shall express no opinion to the 
Board concerning the merits of the case. 
He shall also advise the individual of 
lis rights under these procedures when 
:he individual is not represented by 
tounsel of his own choosing ; 

(d)  The Board may ask the individ- 
la1 AEC representatives, and other wit- 
iesses any supplemental questions 
rhich the Board deems appropriate to 
issure the fullest possible disclosure of 
elevant and material facts. The propo- 
lent of a witness shall conduct the di- 
ect examination of that witness ; 

(e) During the course of the proceed- 
ugs the Chairman shall rule in open 
ession on all questions presented to the 
loard for its determination, subject t o  
he  objection of any member of the 
Ioard. I n  the event of an  objection by 
ny member of the Board, a majority 
ote of the Board shall be determina- 
ve and constitute the ruling of the 
hairman. Voting may be either in 
pen or  closed session on all questions 
gcept recommendations to grant or 
eny access authorization, which shall 
2 in closed session ; 
( f )  In  the event it appears in the 

mrse of the hearing that Restricted 
ata or defense information may be 
uclosed, it shall be the duty of the 
hairman to assure that disclosure is 
)t made to persons who are not an- 
korized to receive it; 
( g )  The Board shall admit in evi- 

?nee any matters either oral or written 
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which are material, relevant and coni- 
petent in determining the issues in- 
rolred, including the testimony of re- 
sponsible persons concerning the in- 
tegrity of the individual. The utmost 
latitude shall be permitted with r e s m t  
to relevancy, materiality, and compe- 
tency. Every reasonable effort shall be 
made to obtain the best eridence arail- 
able. Hearsay evidence may for good 
cause shown be admitted without r e  
gard to technical rules of admissibility 
and accorded such weight as the cir- 
cumstances warrant ; 

(h) Testiniony of the individual and 
witnesses shall be given 'under oath or 
affirmation, and the individual and wit- 
nesses shall be subject t o  cross-exami- 
nation. Attention of the individual 
and the witness shall be invited to 18 
U.S.C. 1001 and 18 U.S.C. 1621 : 

( i )  The individual shall be afforded 
the opportnnity of testifying in his own 
behalf ; 

(j) The Board shall endeavor to ob- 
tain all the facts tha t  are  reasonably 
available in order for it to  arrive at its 
recommendations. I f ,  prior to or during 
the proceeding, in the opinion of the 
Board the allegations in the notification 
letter a re  not sufficient to cover all mat- 
ters into which inquiry should be di- 
rected, the Board shall recommend to 
the Manager concerned that, in order to 
give more adequate notice to the indi- 
vidual, the notification letter should be 
amended. Any amendment shall be 
made with the concurrence of the  Di- 
rector, Division of Security, AEC, and 
the Office of the General Counsel. If, 
in the opinion of the Board, the circum- 
stances of such an amendment may in- 
volve an  undue hardship to  the fndi. 
vidual, because of limited time t o  an- 
swer the new allegations in the notifica- 
tion letter, an appropriate adjourn- 
ment shall be granted upon the request 
of the individual ; 
(k) Unless permitted by paragraphs 

( J ) ,  (m) ,  (n ) ,  (o ) ,  and (p)  of this sec- 
tion, the record may contain no infor- 
mation adverse to the individual on any 

'DIX 8 

controverted isme unless (1) 
mation or its substance 
artiilable to the ind 
110 objection to its p 
the information O r  its Substan,., 
arailnhle to him and th 
afforded 811 opportunity to 
examine the person PrOridiug tl16 
mation. Information R 
is not prohibited by thi 
by any other provision of thi 
be received and made a part 
ord and may be Considere 
Dr officials charged with 
minations under this part ; 

(1) A written or ora 
person relating to 
in the notification letter of anF 
zation or person other than the 
ual may be received a 
the Board without affo 
ual an opportunity to 
person making the sta 
relating to  the cha 
organization or perso 
dividual is given noti 
received and may be 
Board, and is infor 
provided such is not prohibite 

~ 

10.27 (f 1 : 
(m The individual shall be 

In opportunity to cross-examin 
who have made oral or Kriae 
ments adverse to the individual 
to a controverted issue except 
such statement may be rec 
sidered by the Board withou 
such opportunity in either of 
ing circumstances : 

plying the statement cer 
person who furnished the i 
a confidential informant who 
engaged in obtaining intell 
mation for the Governmat 
closure of his identity KO 

tially harmful to the natiom 
( 2  ) The Commission Or its 

ignee for that particular p 
preliminarily deterruin 
sidering information furnis 
investigative agency as totbe 

(1) The head of the depart- 
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d the accuracy of the 
that the statement 
be reliable and ma- 
ission or such spe- 
mined that failure 
ive and conside 

auld, in riew of thc 
t;l or defense in 

be substantiall: 
nstional security an( 

nh(t furnished the infor 
,ppear to testify ( i)  dut 

or similar cause 
ntity of the per 

to be considerec 
to the individ 

e other cause dc 
t,5 tile Commission t o  he go01 

er procedures under para 
f this section arc 

ual shall be girel 
f the information whicl 

ire and detailec 
n$tjonal security permits, ant 

,riate consideration shall bc 
the fact that  the indiridua 

ortunity to cross 
1)erson or persons ; 
com1iiled in the regula1 

asiIless, or other physical evi. 
r than inrestigatiye reports 

myired and considered subjecl 
without authenticating wits 

Tided that such informatior 
amished to the AEC by 81: 

re agency pursuant to its re 
in connection with assist. 
mission to safeguard Re- 

or defense information ; 
s compiled in the regular 

uuiness, or other physical eri- 
r than investigatire reports, 
a controverted issue which, 
1 are classified, may not be 
ly the individual, may be re- 
considered provided that ; 
Commission or i ts  special 
r that piirpose has made a 
1 deteriuinntion that such 
idence appears to be mate- 
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( 2 )  The Commission or such designee 

has made a determination that failure 
to receive aud consider such physical 
evidence would, in view of the access to . 
Restricted Data or  defense information 

I 
I sought, be substantially harmful to the 
national security ; and 

(3 )  To the extent that national secu- 
rity permits, a summary o r  description 
of such phrsical evidence shall be made 
arailable to the individual. In every 
such case, information as to the authen- 
ticity and accuracy of such physical evi- 
dence furnished by the investigative 
agency shall be considered. 

( 9 )  The Board may request the Nan- 
ager to arrange for additional investiga- 
tion on any points which are material 
to the deliberations of the Board and 
which the Board believes need exten- 
sion or clarification. In this event, the 
Board shall set forth in writing those 
issues upon which more evidence is re- 
quested. identifying where possible per- 
sons or sources from which evidence 
should be sought. The Manager shall 
make every effort through appropriate 
sources to  obtain additional informa- 
tion upon the matters indicated by the 
Board ; 

( r )  A written transcript of the entire 
proceedings shall be made by a person 
possessing appropriate AEC clearance 
and, except for portions containing Re- 
stricted Data or defense information, a 
copy of such transcript shall be fur- 
nished the individual without cost. 

8 10.2s Recommendation of the Board. 
( a )  The Board shall carefully con- 

sider the record and the standards set 
€orth herein. I n  reaching its determina- 
tion the Board shall consider the de- 
meanor of the witnesses who have testi- 
fied before the Board, the probability 
11 likelihood of the truth of their testi- 
mony, their credibility, the authen- 
ticity and accuracy of documentary evi- 
3ence, or the lack of evidence upon some 
naterial points in issue. If the indi- 
*idual is, or may be, handicapped by 
he non-disclosure to him of confiden- 
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tial information or by lack of oppor- 
tunity to crosf;-esamirle confidential in- 
forinants, the Board shall take that 
fact  into consideration. The Board 
may also consider as part of the record 
the indiridual's past employlnent in the 
atomic energy progrnrn. and the nature 
and sensitivity of the job he is or mar 
be expected to perform. Possible im- 
pact of the loss of the indiridual's serr- 
ices upon the AEC program shall not 
be considered by the Board ; 

(b )  The Board shall make s w i f i c  
findings based upon the record as to 
whether each of the allegations con- 
tained in the notification letter is true 
or  false and the significance which the 
Board attaches to such allegations. 
These findings shall be supported fully 
by a statemeut of reasons which consti- 
tute the basis for such findings ; 

( c )  The recommendation of the Board 
shall be predicated upon i ts  findings. If, 
after considering all the factors in the 
light of the criteria set forth in  this 
ijart, the Board is of the opinion that i t  
will not elidanger the common defense 
and security and will be clearly con- 
sistent with the national interest to 
grant access authorization to the incli- 
vidual. it shall make a fayorable recoin- 
mendation ; otherwise, it shall make an 
adverse recommendation ; 

( d )  The recommendation of the 
Board shall be determined by a ma- 
jority rote. In  the event of a dissent 
from the majority, the recommendation 
of the minority member shall be made 
a matter of record together with a s t a t e  
riierit of the reasons leading to his con. 
elusions. The recommendation of thc 
Board shall be submitted to the Man. 
ager accowpanied by a statement of the 
reasons lending to the Board's concln- 
sions. 
$ 1 0 9  Sev widenee. 

A )  In  the ex-ent of the discowry of 
new evidence by the indiridual prior t c  
finul cleterniination of the indiridual'> 
eligibility for awess nuthoriztttiozl, fi;uC31 

eritknc*e shall be sn\)ulitted hy the indi. 

31s 8 

victual or his represent 

receired his notificati(,n 1 
tb  I The J h m g e r  of 0 

the adyice of Hearing c ~ , ~ ~ ~ ~ ,  
view the a1q)lieation for tl 
tion of ne\\- e-i4cteuce to :iscerta 
tpria1it;r and relel-ancg and 
the indi\-idual or his repre 
without fault in failing t 
erictence hefore. In the 
termined that the ilea e 
be received, the Manage 
shall : 
(1) Refer the matter to be 

ne1 Securitr Board IThich hila 
appointed in the indi\-id 
the Xanager of Operatiolls 
'ransmitted the record to 
hlanager. The Board receirjrrg 
plication for the prese 
evidence shall determi 
which it shall be received, ab 
testimony before the E 
tion. or by affidavit. 

( 2 )  In those cases 
ager of Operations has foma 
record to the General 
plication for presentation of 
dence shall be referre 
i\lanager with appropriate co 
recommendations. I n  
General Manager determines f%p~ 

new evidence should be mw 
shall determine the form in 
shall be received, whether !g 
before a Personnel SecuritF 
deposition, or by affidavit 

g 10.30 Actions on the rem 

(a)  The recommendati 
Board and any dissent th 
he signed by the members @f 
as appropriate. and to@= 
record of the case. shall he m 
q-ith &st practicabl 

of the adverse 

tions. e record, with 

( b i  ~ p o n  receipt of t 
recommendation of the B M ~  
record, the alanager shall 
traiisniit i t  to the (;enerd' 
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poses to transmit the record to the Per- 
sonnel Security Reriew Board for its 
recommendation, the General Manager 
s:hull imiiirdiately cause the individual 
to be notified of that fact and of those 
matters wntaineti in the notification 
letter coiicernirg which he desires the 
adrice of the Personxiel Security Review 
Board. He shall further inform the in- 
diTidua1 that he may submit a brief 
concerning such matters for the con- 
sideration of the Personnel Security 
Review Board. Such brief shall be 
filed not later than 10 days from the 
receipt of the notice by the individual, 
unless extended for good cause shown. 
The brief shall be forwarded to the 
General Manager for transmission to 
the Personnel Security Review Board. 

5 10.31 Recommendations of the AEC 
Personnel Security Review Board. 

( a )  The AEC Personnel Security Re- 
;iew Board shall make its deliberations 
lased upon the record, supplemented by 
;uch brief as  the indiridual submits. 
rhe Personnel Security Review Board 
nay request such additional briefs as i t  
leems appropriate. In  any case where 
he AEC Personnel Security Review 
loard determines tha t  additional evi- 

lence or fur ther  proceedings are neces- 
iary, it may return the record to the 
3eneral Manager with a recommenda- 
:ion that the case be remanded to the 
Kanager of Operations for appropriate 
iction ; 

(b) In its deliberations, the AEC 
'ersonnel Security Review Board shall 
nake i ts  findings and recommenda- 
ions as to the eligibility of an  individ- 
la1 for  access authorization on the 
'ecord supplemented by additional tes- 
imony or briefs, as determined b j  the 
3oard. When additional testimony is 
alien by the Personnel Security Review 
3oard a verbatim transcript of such 
estimony shall be made par t  of the 
ecord ; 

( e )  The Personnel Security Revien- 
ioard shall not concern itself with the 
lossible impact of the loss of the indi- 
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vidual's serrices u1wn the AEC pro- 
gram ; 

( d )  After its deliberations, the AEC 
Personnel SecuritF Review Board shall 
make i ts  findings and recornmendatiolls 
on the record in writing to the General 
Manager. 

$10.33 Action by the General Man- 
ager. 

(a)  The General Manager, on the 
basis of the record acconipanied by all 
recommendations, shall then make a 
final deterniination whether access au- 
thorization shall be granted or denied, 
unless the prorisions of 10.27 (ni) .  
( n ) ,  ( o ) ,  or (p)  have been used, in 
which case the decision t o  deny or re- 
voke access authorization may be made 
only by the Commission ; 

(b) In making the determination as 
to whether access authorization shall 
be granted or denied, the General Rlan- 
ager or Coinlnission shall gire due rec- 
ognition to the favorable as well as the 
unfavorable inforniation concerning the 
individual and shall take into account 
the value of the individual's services to 
the atomic energy program and the op- 
erational consequences of denial of ac- 
cess authorization ; 

(e )  In  the erent of an  adverse deter- 
mination the General Manager shall 
notify the individual through the Man- 
ager of Operations of his decision that 
access authorization is being denied or 
revoked and of his findings with respect 
to each allegation contained in the noti- 
fication letter for transmittal to the 
individual. 

5 10.33 
(a)  n'henever an individual has not 

been afforded an  opportunity to con. 
front and cross-examine witnesses whc 
have furiiished information adverse t c  
the individual under the prorisions of 
B10.3i (n i ) ,  Cn), ( o ) ,  or  ( p )  and an 
adrerse recommencla tion has been madc 
by the General Jlanager, the Commis 
sioners shall personally review the rec. 
(3rd 2nd determine whether access au 

Action by the Commission. 

5 C O b r l b Z  



f:,nIt in failing to present be- 
,-i,lciug eridence of reforma- 

tion. Requests for  re- 
shall be submitted in 

General Manager through 
haring juris- 

of the access authorization 
;antially derogatory informa 
twn received or there is 1 

tbe Restricted Data  or  de 

Kil l  have access, and in  an! 

msideration of cp.w 

t h  in %I  10.20 to 1ft-z- 
ager or the CornmiAci* 

I to an individual. 
bility for access 8 

o the time of the prim 
new substantrnlb 

ation or a signtfi 
: scope or  sensiti 
)ata or  defense info erent the individual is nc 

o longer requires access au. 
the procedures of this part 

inated without a final de- 
n a5 to his eligibility for 

MISCELLANEOTTG 

*e, pursuant to t b w  

the individual is repre- 
an attorney or other such 

a document designating 
r representative and  an- 
attorney or representa- 

tive to receive all correspondance, trans- 
scripts and other documents pertaining 
to the proceeding under this part. 
5 10.37 Certifications. 

wheneyer information is made a par t  

(p) ,  the record shall contain certificates 
eridencing that the determinations re- 
quired therein hare been made. 

psi t ion for which ac- 
,,,(lriaation is required. SUC 

be accompanied by an afi 
rth in detail the infoi 
to abore. The Geners 

cause the individual t 
39 to whether his eligibilit 
s,thorization will be recoz 

d, if so, the method by whicl 
,,ideration W i l l  be BCCOm 

bpte access authorization ha, 
n individual by a Man 

rations without recourse tc 
res set forth in S 5  10.20 tl 

ual's eligibility for ac 
ation shall be reconsiderei 

ere subsequent to thf 

?s Prescribed in 

ently with tile 
such deterrninati% 

5 10.38 Washington Area cases. 

of the record under the exceptions au- 
thorized by § l o 2 7  ( m ) ,  (n) ,  (o ) ,  and I 

In those cases which niay arise in- 
volving indiriduals within the Wash- 
ington Area of AEC operations, an As- 
sistant General Manager designated by 
the General Manager shall discharge the  
functions and responsibilities assigned 
;o Managers of Operations in these 
irocedures. 

lay of July 1960. 
Dated at Washington, D.C., this 1st  

A. R. LUEDECICE, 
Genera E dfannger.  

PART 2 6 p E S M I T S  FOB ACCESS TO 
RESTRICTED DATA 

Part 25 is amended in i ts  entirety to 
*erise the procedures and categories of 
nformation under the Access Permit 
?rogram. Because Ynterested persons 
Y i l l  not be adversely affected and be- 
'ause the action liberalizes the condi- 
ions under which information may be 
lbtained, the Commission has  found 
hat good cause exists why the regula- 
ions i n  this part should be made effec- 
ive immediately. 

Pursuant to the Administrative Pro- 
edure Act, Public Lam 404, 79th Cong., 
d sess., the following rules a re  pub- 
ished as a document subject to codifi- 
ation, to be effectire upon publication 
n the FEDERAL REGISTER. 

GENERAL PROVISIONS 
ec. 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 

Purpose. 
Applicability. 
Definitions. 
Interpretations. 
Communications. 
Categories of available information. 
Spccidc waivers. 
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Sec. 
25.11 
25.15 
25.13 
25.14 
25.1 5 

25.21 
25.22 
25.23 
25.24 
25.25 
25.26 
25.27 
25.25 

25.29 

25.30 

25.31 

5 25.1 

APPES 

APPLICATIONS 

Applications. 
Xon-eligibility. 
*kdditional information. 
Public inspection of applications. 
Requirements for npprornl of appli- 

cations. 

PERM ITS 

Issuance. 
Scope of permit. 
Terms and conditions of access. 
Administration. 
Term and renewal. 
Assignment. 
Amendment. 
Commission action on application to 

renew or amend. 
Suspension, revocation and termina- 

tion of permits. 
Exceptions and additional require- 

ments. 
Violations. 

GENERAL PROVISION 6 

Purpose. 
This par t  establishes procedures and 

standards for the issuance of an  Access 
Permit to any person subject to this 
par t  who requires access to Restricted 
Data relating to the civil uses of atomic 
energy for use in his business, trade or 
profession ; provides for the amend- 
ment, renewal, suspension, termination 
and revocation of an  Access Permit ;  
arid specifies the terms and conditions 
under which the Commission will issue 
the Permit. 

8 25.2 Applicability. 
The regulations in this par t  apply to 

any person within or under the juris- 
diction of the Cnited States who desires 
access to Restricted Data for use in his 
business, profession or trade. 

8 25.3 Definitions. 
As used in this part  : 
(a )  “Access Permit” means a permit, 

issued by the Atomic Energy Commis- 
sion, authorizing access by the nanied 
permittee to Restricted Data relating 
to the civil uses of atomic energy in 
accordance with the terms and condi- 
tions stated on the permit. 

’DIS 8 

(1)) “Act” means th 
Act of 1934 (6s stat .  919) . 
a mend men t s there to. 

Restricted Data design 
‘*A’’ to the regul 

(d) “Coniniission‘* 
EnergF Commission 0 
ized representatives. 

a permit issued Pursuant 
tions in this part. 

’ ‘%q 

Cc) “Catemry” meanS a 

( f )  “Person” means ( l i  
ridual, corporation, 

ra te  institution. 
agency other than the cornu, 
state or any political sllbdici 
any political entity wjcI,in 
other enti ty;  and (2) anS 
sor, represen ta tire, 
the foregoing. 

data concerning (1) deeixa, ~ 

ture or utilization 
(2)  the productio 
material : or ( 3 )  the use of 

energy, but shall satmiit an 
classified or remored from Ib 
stricted Data category pn- 
section 142 of the Act. 

the cOIntllOn 
(g) “Restricted Data” mr+, 

A~PLICATIO? 

clear material i 4 1mts pursuant 

3). in triplicate, 
the Commissio 

Ijfited in rippendi b= w n s i b l e  for the $25.4 Interpretations. 
applieant’s prill 

i s  located, or 
ee where the app 
ricted Data is loc 

f Where an  individ 

Except as specifically mtbn 
the Commission in writing. no 
tation of the meaning of th 
in this part  b.r any officer 
of the Commission other than 
interpretation by the General 
will be recognized to be bi nce of his dut; 
Commission. 

$ 25.5 Communications. 

regulations in this part, 
tions filed under them, S 

dressed to the Comrnissio 
Office listed in Appen(1ir 
part responsible for the 
area in which ( a )  the aPP 
cipal place of business i 
(b )  the principal place whPv tk 

All communications C O ~ W  
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corporation must apply in the name of 
the corporation) : 

( 3 )  Address of applicant : 
1.3) Description of business or occu- 

pation of applicant : 
( 4 )  ( i )  If applicant is an individual, 

state citizenship. 
(ii) If applicant is a partnership. 

state name. citizenship and address of 
each partner and the principal location 
where the partnership does business. 

( i i i )  If  applicant is a corporation or 
an unincorporated association, state : 

( a )  The state where it is incorpo- 
rated or organized and the principal 
location where i t  does business ; 

( 6 )  The names, addresses and citi- 
zenship of i ts  directors and of its 
?rincipal officers ; 

( c )  Whether it is owned, controlled 
3r dominated by a n  alien, a foreign 
corporation, or foreign government, and 
if so, gire details. 

( i r )  If the applicant is acting as 
igent or representative of another per- 
son in filing the application, identify 
the principal and furnish information 
-equired under this subparagraph with 
respect to such principal ; 

( 5 )  Total number of full-time em- 
ployees ; 

(6)  Classification of Restricted Data 
(Confidential or Secret) to which access 
s requested ; 
(7) Potential use of the Restricted 

3ata in the applicant’s business, pro- 
‘ession or trade. If access to Secret 
2estricted Data i s  requested, list the 
ipecific categories by number and fur- 
iish detailed reasons why such access 
vithin the specified categories is needed 
by the applicant. The need for Secret 
nformation should be stated by de- 
cribing its proposed use in  specific 
esearch, design, planning, construction, 
aanufacturing, or operating projects; 
n activities under licenses issued by the 
=ommission ; in studies or  evaluations 
)lamed or underway; or in  work or 
;errices to be performed for other 
rganizations. 

377 
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In addition, if access to Secret Re- 
stricted Data in category C-63 Pluto- 
nium Production is requested, the 
application should also include snffi- 
cient information to satisfy the require- 
ments of 5 25.15 ( b )  (3). 

(8) Principal Location (s)  at which 
Restricted Data will be used. 

( e )  Applications should be signed 
by a person authorized to  s i p  for the 
applicant. 

( f ) Each application shall contain 
complete and accurate disclosure with 
respect to the real party or parties in 
interest arid as to all other matters and 
things required to be disclosed. 

$ 25.12 Kon-eligibility. 

fJ!he following persons a re  not eligible 
to apply for an access permit: 

(a )  Corporations not o r g a n i z e d 
under the laws of the United States or 
a political subdivision thereof. 

(b) Any indiridual who is not a citi- 
zen of the United States. 

( c )  Any partnership not including 
among the partners one or more citizens 
of the United States;  or any other un- 
incorporated association not including 
one or more citizens of the United 
States among its principal officers. 

( d )  Any organization R' h i c h  is 
owned, controlled or dominated by the 
Government of, a citizen of, or a n  or- 
ganization organized under the laws of 
a countrx or area listed as a Subgroup 
A countrF or destination in $371.3 (15 
CFR 3i1.3) of the Comprehensive Ex- 
port Schedule of the United States 
Department of Commerce. 

(e) Persons subject to  the jurisdic. 
tion of the United States who are not 
doing business within the Cnited States 

5 25.13 Additional information. 

The Cornmission may, a t  any timt 
after the filing of the original applica 
tion and before the termination of thf 
permit, require additional informatior 
in order to enable the Commission tc 
determine whether the permit shoulc 

5 0 0 b q b b  

IIX 8 

PEBMI 
)e granted or denied 
hould be modified or revolted, 

i 25.14 Public inspection 
tions. 

Applications and doculueQta 
ed to the Commission in c' 

xith applications may b 
ible for  public inspecti 
s i th  the regulations cont 
)f this chapter. 

i Z.15 Requirements 
applications. 

( a )  An application 
nit authorizing access 

Restricted n a t a  in access 
?orth in Appendix "A' 
mly if the applicat 
-hat the applicant has a poteeu: 
3r application for such dah in bk+ 
ness, trade or professio 
1 complete application form, 

(b )  (1) amlicatio 
permit authorizing access to 
stricted Data mill be approyaf ~ 

the application demonstrates t h  ~~ 

applicant has a need for sllrh 

his business, trade or 
has filed a complete a 

(2) An application for 
permit authorizing access to 

stricted Data in categ 

a i th in  the partic 
ies specified in t 

i~fi Terms and concl 
Seither the Uni 

a kbdf of the  Corn 
gg warranty or other 



the Atomic EnergF Act of 1954, s i t h  
respect to any invention or discovery 
made or conceived in the course of, in 
connection with or as a result of access 
to Restricted Data received under the 
ternis of the access permit ; 
(3) Be deemed to hare waired any 

and all claims against the United 
States, the Commission and all persons 
wting on behalf of the Commission that 
night arise in connection with the use, 
~y the applicant, of any and all infor- 
mation supplied by them pursuant to 
the access permit ; 

( 4 )  Obtain and preserre in' his files 
written agreements b o w  all individuals 
who will hare  access to Restricted Data 
inder his access permit. The agree- 
nent shall be as follows : 

I n  consideration for  receivfng access to Re- 
itricted Da ta  under the  access permit issued 
by t he  AEC, I hereby agree to  : 

(a)  Waive all claims fo r  damages under 
ection 183 of Title 35 U.S. Code by reason 
If t he  imposition of any  secrecy order on any  
latent application, and  all claims fo r  j u s t  
ompensution under section 133 of t h e  
Ltomfc Energy Act of 1954, with respect to 
ny invention or discovery made or conceived 
a t he  course of, i n  connection with or result- 
ig from access t o  Restricted Da ta  received 
nder t h e  terms of the  access permit issued 
I' (insert  t he  name of t h e  holder of t h e  ac- 
?ss permi t ) ,  

( b )  Waive any and all  claims against  the  
nited States,  the  Commission and  all per- 
m s  acting on behalf of the Commission t h a t  
ight arise in  connection with the  use, by 
e, of a n y  and  all information supplied b.r 
iem pursuant  to the  access perniit issued to  
nsert  the  name of t h e  holder of the  access 
3rmit). 

( 5 )  Pay all established charges for 
ersonnel security clearances, AEC con- 
Jlting services, publication and repro- 
uction of documents, and such other 
?rvices as the Commission ma:: furnish 
I connection with the access, permit. 
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J 25.25 Administration. 

With respect to each permit issued 
pursuant to the regulations in this part, 
the cognizant Operations Office, will : 

(a)  Process all personnel security 
clearances requested in connection with 
the permit ; 

( b )  Review the procedures submitted 
by the Applicant, in accordance with 
Part 93 of this chapter, for the safe- 
guarding of Restricted Data ; and 

(c )  Provided information to the per- 
mittee with respect to the sources and 
locations of Restricted Data available 
under this permit and to assist the per- 
mittee in other matters pertaining to 
the administration of his permit. 
I 25.25 Term and renewal. 

( a )  Each access permit will be issued 
for a two year term, unless otherwise 
stated in the permit. 

( b )  Applications for renewal shall be 
filed in accordance with $25.11. Each 
renewal application must be complete, 
without reference to previous applica- 
tions. I n  any case in  which a permittee 
has  filed a properly completed applica- 
tion for renewal more than thirty (30) 
days prior to the expiration of his exist- 
ing permit, such existing permit shall 
not expire until the application for a re- 
newal has been finally acted upon by 
the Commission. 
8 25.26 Assignment. 

and nonassignable. 

5 25.27 Admendment. 
An access permit may be amended 

from time to time upon application b j  
the permittee. An application fol 

amendment m a r  be filed, in triplicate 
in letter form and shall be signed by ax 
individual authorized to sign on behall 
of the applicant. The term of a n  acces! 
permit shall not be altered by an  amend 
ment thereto. 
0 25.35 Commission action on applica 

I n  considering an  application by f 
permittee to renew or amend his permit 

An access permit is nontransferablf 

tion to renew or amend. 

25.29 Suspension, r e ~ ? ~ c a t i o a  ~ 

The Commission may reTOkF 

~ n d  any access pe 
'alse Statement in the applicatiot; 
my report Submitted to 
mrsuant to the regulat 
)r because of conditions 
vould have warranted a ref 
he permit in the first i 
Tiolation of any of the 
ions of the Atomic En 
)r Commission rules, 
wders issued pursuant thereto. 
nittee should request t 
iermit when he no lo 
rtricted Data for use in his 

;rade or profession. tnciuding theory, 

525.30 Exceptions a 

APPESDIS ruination of permits, 

yuclear TechnoEc 

fabrication of 

and operation of 

quirements. 
Pl'otwithstanding any other rnation which 

Ln the regulations in this mrt, be calculated II 

uished from d, mission may deny an applica 
riccess permit or suspend or 
3ccess permit, or incorporate I 
Zonditions or r 
Jess permit, upon finding 
genial, revocati 
of such conditions and 
necessary or appr 
est of the common defense a& 
or  is otherwise in the public in 

5 25.31 Violations. 

may be obtained prohibiting la' 
tion of any provision of 
regulation or order issued 

on on an a 

~9 secret infirmati 

An injunction or other 

Any person who Willfulls Ti 

or order issued the 
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d, conviction, may be APPENDIX B 

Commiasio?i’a Operatioqts Offices 

Albuquerque Operations Office, U.S. Atomic 
Energy Commission, P.O. Box 5400, Albu- 
querque, h’. Mer. 

or imprisonment or 

ermanto\l.rt, Ud., this Ilth 

Ai. R. LUEDECKE, 
Get1 era I Blattager. 

lenr Technology. This categoi 

fabrication of fuel elements, co 

handling and feed mnteriE 

-e wludlng theory. design, criticalit, 

Chicago Operations Office, C.S. Atomic 
Energy Commission, 9600 South Cnss Are- 
nue, Argonne, Ill. 

Hanford Operations Office, U.S. Atomic 
Energy Commission, P.O. Box 550, Rich- 
land, Kash.  

Idaho Operations O5ce, U.S. Atomic Energy 
Commission, P.O. Box 2108, Idaho Falls. 
Idaho. 

Kew Pork Operations Office. U.S. Atomic 
Energy Commission, 376 Hudson Street, 
X e w  Tork 14, N.T. 

Oak Ridge Operations Office, U.S. Atomic 
Energy Commission, P.O. Box E, Oak 
Ridge, Tenn. 

3an Francisco Operations Office, U.S. Atomic 
Energy Commission, 518 17 th  Street, Oak- 
land 12, Calif. 

Savannah River Operations Office, U.S. 
Atomic Energx Cornmission, P.O. BOX A, 
Aiken, S.C. 

Geographical area8 of reeponsibibitg 

Arizona, Kansas, h’ew Nexico, Oklahoma, 
and Texas. 

[Ilinois, Indiana, Iowa, Nichigan, Minnesota, 
Kebraska, North Dakota, Ohio, South Da- 
kota, and Wisconsin. 

ilaska, Oregon, and Washington. 
3olorado. Idaho, Montana, Utah, and 

Wyoming. 
!onnecticut, Delaware, District of Columbia, 

i l iahe,  Narsland,  Nassachusetts, New 
Hampshire. New Jerses,  New Pork, Penn- 
sylvania, Rhode Island, and  Vermont. 

&amas, Kentucky, Louisiana, Nississippi, 
Nissouri, Panama Canal Zone, Puerto 
Rico, Tennessee, Virginia, Virgin Islands, 
and  West Virginia. 

‘alifornia, Hawaii, Nevada, and U.S. Pa- 
cific Territories. 

labama, Florida, Georgia, North Carolina, 
and South Carolina. 

PART 3 k h C E N S I N G  OF BY 

PRODUCT hlATEBIAL. 

EXEMPT CONCENTBATIONB 

On October 31, 1958, the Commission 
sued for public comment a proposed 
meudment to “Licensing of Byproduct 
iaterial,” 10 CFR Part 30, which 
ould exempt byproduct material from 
nensing requirements when contained 

products in  specified low concentra- 
o m .  The amendment published below 



May 13, 1960. 
The exemption is intended to facili- 

tate the distribution of products sub- 
jected to control procedures inrolring 
the use of byproduct material. With the 
exception of the person who introduces 
the byrprodiict material into a product, a 
license will not be required in order to 
receiye, use, transfer, or dispose of such 
prodncts. The licensee v h o  introduces 
byproduct material into a product may 
transfer the byproduct material only if 
the transfer is made in accordance with 
a license issued pursuant to 5 30.24 (h)  
of the amendment. This limitation 
however, would not restrict the transfer 
to a duly licensed person of byproducl 
material intended for analytical or lab. 
oratory purposes or for waste disposal 

The license-exempt concentrations ir 
30.73 6clredtr7e C, of the following 

auiendruent are equal to the lowesl 
value for each byproduct material giver 
in Tnhle I of National Bureau of Stand 
ards  Handbook 69 for continuous occu 
pntionnl exposure (16s-hour week) 
The values selected a re  those for solublc 
forms which in general a re  lower thar 
for insoliible forms. The products ii 
which license-exempt concentration; 
would be permitted a re  items such as oil 
gnsoline, Ihs t ics ,  and similar commer 
cia1 or intlustrial items where inhala 
tion or ingestion is unlikely. I n  addi 
tion, while the concentration values i i  

KltS GO a re  based on continuous espa 
siire for a whole lifetime. such esposur 
from the products involved here i 
highly unliliely. It is highly improb 
able, therefore. that  any nieiiiher of th 
public will receiTe a n  organ dose i 
excess of a small fraction of 0.5 rea 
the Radiation Protection Guide fo 
members of the general population re( 

5 9 0 b 9 7 C  

transferred in such concent 
provide a basis for a contin 
tion of the addition of rad 
the environment. 

The scheduled concentra 
to the parent activity in 
where a radioisotope disinteptm sz 
other radioactive isotopes or & 
products. The proposed ex 
not extend to imports of h 
terial. Requirements fm t 
of a license authorizing the 
products or materials c 

in 8 30.24 (h) of the am 
1 i shed below. 

exemption set forth in th 
will not constitute an Ullr 
to the common defense an 

*@' days af ter  1 

Exempt conct 

The Comniission has fold '& 
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and safety of the public. 
the Atomic Energy A( 
ded, establishes, amon 

,,cedures and criteri 
uance of certain of tb 

regulatory responsibil 
to byproduct, soum 

sith fe’e;lllclear materials, and th  
gL, thereof by the states. Ko1 

any agreement betwee 
and any state for th  

of regulatory responsibili 
ricusly esercised by the Corn 

Cornmission is authorize( 
,Ubsection 274c, to require, ba 
order, “that the manufacture1 

producer of any equiE; HGi&, ,ommodity, or other prod 
6 ining source, bmroduct, o, 
C Trcpar material shall not trans 
@*-ion or control of such prod 
s p  ursuant to 8 license issuec 
&@Pt 
f -  ~ c4,m,mmission.” 
= to any agreement pro 
81 fi,r of regulatory r e  

&iljties by a state, the Commissior 
- *,-&y exercising the authorit j  

01, it by subsection 274c wit1 
distribution of products cov. 

4 the following amendments. 
m t  to the Administrative Pro 
-11% Public Law 404, 79th Con. 

S session, Title 10, Chapter I 
“Licensing of Byproduct Mate- 

ti amended as follows, effective 
dap after publication in  the 

a new fi 30.9 to read as follows : 

4 

Exempt concentrations. 
k e p t  8s provided in  30.32 ( f ) , 

is exempt from the require- 
8 license set forth in  section 

k t  and from the regulations 
mrt to the extent that such per- 

possesses, uses, transfers, 
Uir@S products or  materials 
YProduct material i n  con- 

qns not in escess of those listed 

a section shaU not be deemed * the import of byproduct 

material or products containing b-rprod- 
uct material. 
5 30.24 [Amendment] 

2. Add a nen- 0 30.24(fi) to read ag 
follo\vs : 

(h) Licensing the trcrnsfer of  prod-  
ucts con taiji iiig e s m i p t  co?iccntra t i o m  
of bgproduct nzaterinl. (I) An applica- 
tion for  a specific license to transfer 
possession or control of products or 
materials containing exempt concentra- 
tions of byproduct material which the 
transferor has introduced into the prod- 
uct or material will be approved if the 
spplicant : 

(i)  Satisfies the general requirements 
3pecified in # 30.23 ; 

(ii) Submits a description of the 
lroduct or  material into Khich the by- 
woduct material will be introduced, in- 
ended use of the byproduct material 
tnd the product into which it is intro- 
luced, method of introduction, initial 
*oncentration of the byproduct material 
n the product or material, control 
nethods to assure that no more than 
he specified concentration is introduced 
nto the product or  material, estimated 
ime interral  between introduction and 
ransfer of the product or material, and 
stimated concentration of the radio- 
sotope in the product or material at the 
ime of transfer by the licensee ; and 

(iii) Provides reasonable assurance 
hat the concentrations of the byprod- 
ct material at the time of transfer will 
ot exceed the concentrations in  f 30.73, 
h a t  reconcentration of the byproduct 
iaterial in  concentrations exceeding 
aose in  $30.73 is not likely, tha t  the 
roduct or material is not likely to be 
ihaled or ingested, and that use of 
m7er concentrations is not feasible. 

( 2 )  Each person licensed under this 
aragraph shall file a n  annual report 
Gth the Director, Division of Licensing 
nd Regulation, describing the kinds 
nd quantities of products transferred, 
le concentration of byproduct material 
mtained and the quantity of byproduct 
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:opper (29) - - - . . 
)ysprosium (66). 

material transferred during the report- 
ing period. Each report shall be filed 
as of June 30 and shall be filed within 
30 days thereafter. 

5 30.38 [ Bniendmentl 
3. Add a new $ 30.33(f) to read as 

f ollonY3 : 
( f )  Xotwithstanding the prorisions 

of $ 8  30.9 and 30.32(c)  of this part, no 
person licensed by the Commission pur- 
suant to the regulations in this part  
shall transfer possession or control of 
any product or material containing con- 
centrations of byproduct material not 
exceeding those specified in  3 30.73 
which he has introduced into the prod- 
uct or material unless the transferol 
has received a license from the Commis 
sion pursuant to $30.24 (h)  authorizing 
such transfer. The provisions of this 
paragraph ( f )  shall not apply to  trans- 
fers to duly licensed persons of prod. 
ucts or materials containing byprod. 
uct material for analytical, laboratory 
or waste disposal purposes. This para 
graph shall not be deemed to  modif! 
any authority granted to  any person ir 
a specific license issued by the Commis 
sion prior to the effective date of thi 
paragraph. 

4. Add a new $30.73 to read as fol 

frbiiim (68) _-  - - - 

?luorine (9)----. 
jladolinium (64) 

3allium (31)-- 
Jermanium (32). 
fold (79) ____---. 

[ron (26) 

ECrypton (36)--- 

Lanthanum (57) 
Lead (82)------- 
Lutetium Ut)-- 

Eu 152 
(Ti2N9.2 Hrs 
Eu 155 
F 18 
Qd 153 
a d  159 
Ga 72 
Oe 71 
Au 196 
Au 198 
Au 199 
Hf 181 
H 3  
~n 113m 
~n 114m 
I126 
I131 
I132 
I 133 
I134 
Ir 190 
Ir 192 
Ir 194 
Fe 55 
Fe 59 
~r s5m 
Kr 85 
La 140 
P b  203 
Lu 177 

Column 
I 

Gas con- 
centra- 

tion 
uclml1 

_-___-- - -  

alum 
I1 

dquic 
and 
solid 
con- 
sntra 
tion 

ictml - 
3x10 
2 x  10 
lXlC 

_____. 
5x10 
5x10 
2x10 
8x10 
2x10 
3XlC 
2X1C 

___-_ - - - -  
1x10-3 
4 X lo-’ 

-- 

:esium (5.5)- - .-- 

Element (atomic 
number) 

‘hlorine (li)..-- 
hromium (24) - - 
‘obalt (2i)- -- - - - 

Isotope 

Antimony (51)- 

Argon (18) ___-_-_ 

Arsenic (33) - - _-_ 

Barium (56)-----  

Beryllium (4)---- 

Sb 1% 
Sb 124 
Sb 125 
A 37 
A 41 
-4s 73 
As 74 
As 76 
As 77 
Ba 131 
Ba 140 
Be 7 

3afnium (72) 
Bydrogen (l)--. 
Lndium (49)---- 

[odine (53) __--_- 

Iridium (77)---- 

See footnotes at end of table- 

Os l9lm 
os 191 

Pd 103 
Pd Io9 
P 32 
Pt 191 
Pt 193m 
Pt 197m 
Pt 197 
K 42 
Pr 142 
Pr 143 
Pm 147 
Pm 149 
Re 183 
Re 186 
Re 188 
ih 103m 
i h  105 
Ib 86 
Lu 97 
LII 103 
Lu 105 

1 os193 
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82 

I 1 0 9  
f 115m 
1115 
b 45 
a 47 
14 
e 141 
e 143 
' e  144 
:s 131 
: s  134m 
> s  134 
31 3s 
3 51 
co  57 
Co 58 
c o  60 
cu 64 
DJ- 165 
Dy 166 
Er 169 
Er 171 
Eu 152 

I-- lxu,-& ! I;::- r* 

(T/?hT9.2 Hrs) ! 

Gd 159 
03 7 2  

Au 198 
A u  199 

In  113m 
In 114m 

Ir 192 \ Ir 194 

_ _ _  Kr 85m 

s i ) . /  La 140 - - - - \  Fbm 

Rr 85 

).-- Lu 17; 

JsotoPe 

/- 

~ f n  52 
3 i n  54 
~1x1 56 
~g 197m 
Hg 197 
Hg 203 
M O  99 

s d  147 
Xd 149 
Ni 65 
?;b 95 
?;h 97 
os 165 
OS i 9 m  
os 191 
Os 193 
Pd 103 
pd 109 
P 32 
Pt 191 
Pt 193m 
pt 197m 
Pt 197 
K 42 
Pr 142 
Pr 143 
Pm 147 
Prn 149 
Re 183 
Re 186 
Re 188 
Rh 103m 
Rh 105 
Rb 86 
Ru 97 
Ru 103 
Ru 105 
Ru 106 
Sm 153 
Sc 46 
SC 47 
Sc 48 
Se 75 
Si 31 
hg 105 
Ag llOm 
Ag 111 
Na 24 
Sr 89 
Sr 91 
Sr 92 
s 35 
Ta 182 
Tc 86m 
Tc 96 

REG m A T I  O S S  

: 0 1 m  
I1 

Liquid 
and 
solid 
con- 

:entra- 
tion 

x /ml2  

3X10-' 
1x10-3 
1x104 
2x10-3 

2 x 1 0 4  
2 x 1 0 4  

3X1W3 

6X10-' 
3X1W3 
1x104 
1x10-3 
9 x 1 0 4  
7 x  10-4 
3x10-4 
2 x 1 0 4  
6 X W 4  
3X1W3 
9X10-' 
2x10-4 
1 x 1 0 4  
1x10-2 
1 x 10-2 
1x10-3 
3 X 1 e 3  
3x10-4 
5X10-' 

4x10-4 
6 x 1 0 4  
9X lW 
6x10-4 
1x10-1 
1x10-3 
i X l W  
4x10-3 
8 X  lo-' 

lXlo-' 
8X10-' 
4X1W4 
9X10-' 
3Xl(r4 
3Xl(ra 
9x10-3 

3X1W4 
4 X W 4  

2x104 

1x10-3 

1 x 1 0 4  

2 x 1 0 4  
1x10-4 
7x10-4 
7x104 
6X10-' 
4 X 1 V 4  
1x10-' 
IXlO-~ 

Element (atomic 1 Isotope 
number) i 

Tellurium (52). . 

Terbium (65..-- 
Thallium (81) - 

T hullium (69). . - 

Tin (50) .________ 

Tungsten (Rolf- 
ram) (74). 

Vanadium (23). - 
Xenon (54) -. . - - 

Ytterbium ( T O ) . -  
Yttrium (39). . . 

Zinc (30)- .---.-- 

Zirconium (40) -. 

Beta and/or 
gamma emit- 
ting byprod- 
uct material 
not listed 
above with 
half-life less 
than 3 years. 

Tc l ? 5 m  
Te 127m 
Te 127 
Te 129m 
Te 131m 
Te 132 
T b  160 
TI Mo 
TI 201 
T1202 
TI 204 
T m  170 
Tm 171 
Sn 113 
Sn 125 
IV 181 
W 187 
V 48 
Xe 131m 
Xe 133 
Xe 135 
Tb 175 
Y 90 
T 9lm 
1- 91 
Y 9? 
1- 93 
Zn 65 
Zn 69m 
Zn 69 
Zr 95 
Zr 97 
___-.__--__--_. 

Colurm 
I 

lXlO-'O 

?olumn 
I1 

Liquid 
and 
solid 
con- 

entra- 
tion 

l C l m l 2  

2 x 1 0 4  
6x10-4 
3x10-3 
3x10-4 
6x10-4 
3x10-4 
4x10-4 
4x10-S 
3x10-3 

1x10-a 
5 X  1 0 - 4  
5x10-3 
9x10-4 

4x10-3 
7XlO-r 
3x10-4 

1x104 

2x10-4 

_ - -__-_  
- - - - - - - 
- - - - - - 

1x10-3 
2x10-4 
3x10-2 
3x10-4 
6 x 1 0 4  
3x10-4 

7x10-4 
2x10-* 
6x10-4 

1x10-6 

1x104 

2 x 1 0 4  

NOTE 1: Many radioisotopes disintegrate into 
isotopes which are also radioactive. In expressbg 
the concentrations in Schedule C, the activity stated 
is that of the parent isotope and takes into account 
the daughters. 

SOTE 2: For purposes of 8 30.9 where there is 
involved a combination of isotopes, the limit for the 
combination should be derived as follows: 

Determine for each isotope in the product the ratio 
between the concentration present in the product and 
the exempt concentration established in Schedule C 
for the specific isotope when not in combination. 
The sum of such ratios mag not exceed "1" (i e., 
unity). (Footnote Continued on following page.) 
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Dated a t  Germfintown, Rfcl.,  this 8th 

For the Atomic Energ,r Commission. 
day of August 1960. 

R. E. HOLLIXGENORTH, 
A c t i ~ g  Geneni t  Munager. 

PART ZO-LICEX~IKQ OF BYPRODUCT 
~IATERIAL 

LICERSISQ CRITERIA FOR R A D I O G R - P H T  

On March 15, 1960, the Commission 
issued for  public comment a proposed 
ameiidnient to 10 CFR Part 30 which 
would establish special requirements for 
the issuance of specific licenses for the 
use of sealed sources of byproduct mate- 
rial in radiography. Comments filed by 
interested persons ha re  been given care- 
ful  consideration. 

The following rules are published as a 
document subject to codification, effec- 
t ive 30 days after publication in the 
FEDERAL REGISTER. The requirements 
of this regulation are in addition to, 
and not in substitution for, other re- 
quirements of the Atomic Energy Com- 
mission. 

1. Add the following definitions t o  
3 30.4 : 

( r )  “Radiographer” means any indi- 
vidual who performs or who, in attend- 
ance at the site where the sealed sourcc 
or sources a re  being used, personalla 
supervises radiogralihic operations and 
who is responsible to the licensee for 
assuring compliance with the require- 
ments of the regulations of this part 
and the conditions of the license. 

( s )  “Radiogral)her’s assistant” means 
any indiridunl who, under the personal 
superyision of a radiographer, uses 
radiographic exposure devices, sealed 
sources or related handling tools, 01 

survey instruments in radiography. 

Esnmple: 

+ Concentretion nf Isotope A in Prodiict 
Esempr roiicentratiotl of Isotope A 

Concentration of Isotope B in Products - 
Exempt concentration of isotope B 

1 V ~ ~ U P S  arc given only for those materialsnormall 
used as gases. 

2 ucjgm lor solids, 

5 P 0 i: (.11u 



REGULATIONS 
j- 

ea jl-R.%I)IA"ION SaFETY REQTJIRE 
mn FOB RADIOGRAPHIC OPERATIONS 

gsrch 15, 1960, the Commissior 
for public comment a new pro- 

p~! replation, 10 CFR Part 31, tc 
*qSh radiation safety requirernentF 

~ I E O I I S  utilizing sealed sources 01 
-:duct material for radiography 

nts filed by interested persons 
n giren careful consideration 

$ 3 ~  regulation is designed to codifF 
b o n s  rrhich hare been developed 

experience and applied in the 
of licensing radiography opera- 
It will minimize the need for 
inclusion in licenses of special 
ns applicable to radiography 

Jrides guidance as to informatior, 

loh-ing rules are published as 
ent subject to codification, effec- 

' &SS after publication in the 

in license applications. 

FEDERAL REGISTER. The rwuirements 
of this regulation are in addition to, 
and not in substitution for, other re- 
quirements of the Atomic Ener-9 Com- 
xnission. 

GESERAL PROTISIOXS 
SW. 
31.1 Purpose. 
31.2 Scope. 
31.3 Definitions. 
31.4 Interpretations. 

E Q U I P M E N T  C O S T R O L  

31.101 Limits on lerels of radiation for 
radiographic exposure devices 
and storage containers. 

31.102 Locking of radiographic exposure 
devices and storage containers. 

31.103 Storage precautions. 
31.104 Radiation surrey instruments. 
31.105 Leak testing, repair, tagging, open- 

ing, modification and replacement 
of sealed sources. 

31.106 QuarterlS inventory. 
31.107 Utilization Iogs. 

PERSONAL RADIATION SAFETY REQUIREMENTS 
FOR RADIOGRAPHERS AND RADIOGRAPHERS' 
A s  SISTA XTS 

31.201 Limitations. 
31.302 Operating and emergency pro- 

11.303 Personal monitoring control. 
cedures. 

PRECAUTIONART PROCEDURES I N  
RADIOGRAPHIC OPERATIONS 

3.301 Security. 
11.303 Posting. 
J.303 Radiation surveys and survey rec- 

ords. 

CXEblPTIONS ANI, ADDITIONAL REQUIREMENTS 

J.401 Applications for exemptions. 
1.402 Additional requirements. 

ENFORCEMENT 

1.501 Violations. 

AuTHoRITX : B B  31.1 to 31.501 issued 
nder see. 161, 68 Stat. 948; 42 U.S.C. 
201. 

GENERAL P R O V I S I O X S  

31.1 Purpose. 
The regulations in this part establish 

adiation safety requirements for per- 
ms utilizing sealed sources of byprod- 
ct material for  radiography. The re- 
uirements of this part are in addition 
1, and not in substitution for, other re- 
uirements of this chapter. 
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31.2 Scope. 
The regilations in this part apply to 

all licen+es nyho iise byproduct ma rerial 
for radiography uiider a license iss~zed 
by the Coinniission riursuaIlt to the reg- 
nlations in Par t  30 of this chapter : Pro- 
z;ided, hoii-erer. That nothing in this 
part  shall apIj1y to uses of hyproduct 
material for medical diagnosis or 
therapy. 

$ 31.3 Definitions. 
A s  used in this part  : 
(a )  “Radiographer” means any indl- 

vidual who performs o r  n-ho, in attend- 
ance a t  the site where the sealed source 
or sources a re  being used. personally 
supervises radiographic operations and 
Tho is responsible to the licensee for as- 
suring compliance with the require- 
ments of these regulations and the con- 
ditions of the license. 

( b )  “Radiographer’s assistant” means 
any individnal who, under the personal 
supe r r i s io~~  of a radiographer, uses 
radi o gr a phi c e s  pos ure devices, sea 1 4  
sources or related handling tools, or sur- 
vey instruments in radiography. 

( c )  “Radiographic Exposwe Der.ice” 
means any instrument containing R 

sealed source fastened or  contained 
therein, in which the sealed soiirce or 
shielding thereof may be moved, or 
otherwise changed, from a shielded to  
unshielded position for purposes of mak- 
ing a radiographic esposure. 

( d  )  radiograph^" nieam the exami- 
nation of the strnctiire of materials by 
nondestructive methods utilizing sealed 
s ~ i ~ r c e s  of hyproduet ma terial. 

(e’) “Sealed soiirce“ nieaiis any b p  
product material that  is encased in a 
capsule desigiied to prex-ent leakage or 
escape of the 1qyroduCt material. 

( f )  “Storage Container” nieans a de- 
vice in n.11ic.h scaled sourc‘es a re  trans- 
ported or stored. 

( g )  Other terms defiiiecl ill section 11 
of the Atomic Energy Act. as amended. 
shall have the same meaning when used 
in this part. 

APPEXDIX S 

5 0 0 b 9 f b 

i 31.4 Interpretations. 



iz ti ons. other appropriate memuring point, by a 
~ I ' C  teedure to be approred pursuant to 

Records 
of leal; test results shall be kept in 
units of microcuries and maintained for 
inspection 1 ) ~  the Commission. 

rd) Any test coiiducted pursuant to  
pnragral1hs and ( e )  of this section 
n-hich reveals the presence of 0.005 mi- 
crocurie or more of removable radio- 
actire Inaterial shall be considered eri- 
dence that  the sealed source is leaking. 
The liceiisee shall immediately with- 
draw the equipment involred from use 
and shall cause it to be decontaminated 
and repaired or to be disposed of, in  
acc.ordance with Commission regula- 
tions. A report shall be filed, within 5 
days of the test, with the Director, Di- 
vision of Licensing and Regulation, 
L.S. Atoniic Energy Commission, Wash- 
ington 35. D.C., describing the equip- 
ment involretl. the test results, and the 
.wrrective action taken. A cops of such 
I'eport shall be sent to the Manager of 
he nearest Atonlie Energy Commission 
3perutionr Office listed in Appendix D 
)f Par t  90 of this chapter "Standards 
"or Protection Against Radiation." 

(e) A sealed source which is not fas- 
enecl to or contained in a radiographic 
qmsure derice shall ha re  permanently 
ittached to i t  a durahle tag a t  least one 
1) inch square bearing the prescribed 
adintion caution symbol in conven- 
ional colors, magenta or purple on a 
rellon- background, and a t  least the in- 
tructioiis : "Danger-RadioactiTe Ma- 
.rial-Do S o t  Handle-Xotify Ciril 
.uthori ties if Found." 

:;0.24(gI (E;) of this chapter. 

5 31.1W Quarterly inventory. 
Each licensee shall conduct a quar- 

kerly physical inventory to account for 
111 sealed sources received and pos- 
sessed under his license. The records 
>f the inr-entories shall be maintained 
'or inspection by the Cornmission, and 
:hall include the quantities and kinds 
)f byproduct material, location of 
iealed sources, and the date of the 
11 reu tory. 

RE G LL4 TI 0 S S  

,iJ' - liceuse shall maintain sufficiex 
ne rd alld operable radiation su 

zfHln surveys as required by this pal 
: "0 of this chapter. Each rf 

surrey instruliient shall be call s ~ , m  
Rt iuterrals got to exceed thre 

Acing and a record maintained o 

~ 

date of calibration. Instru 
ution rwiiired by this section shal 

r:luge such that two inilliroent 
er hour through one roentgen pe 5* 

e! 
kift911 1p measured. 

ft a&. 
u a l ;  testing:. repair, tagging 

,elling, Irlodification and replace 

I t  me replacement of any sealec 
*"Jy fastened to or contained in a ra 
m p h i c  esImsure derice and leal 

repair, tagging, opening or an1 
todificntion of any sealed sourct 

=*; IF performed only by person$ 
rp-srally authorized by the Commis 
&:If do so. 

5 %  Each sealed source shall be test. 
5-r leakage a t  intervals not to  ex. 

4fimonths. In the absence of a cer- 
from a transferor that a test 
R made within the G months 

* ul the transfer, the sealed Sollrce 
* mt he put into use until tested. 

='  The leak test shall be capable of 

renmable contamination on 
-M source. An acceptable 'leak 

> e i k j  sources in the Imssession 
' 8''i'J~raP11~ licynsee n-oul(j be to 

'be nearest accessible point to 
s*urce storage pci.sitioI1, or 

& s f l  iatrunrnents to niake 1)Iipsical r: 

rid - 
@Fd a,oths and after each instrumen 

of sealed sources. -- 

N 

~ 

i 

5 



and dates of use. 

PE~BONAL RADIATION SAFETY REQUIBE- 
MERTS FOR RADIOGRAPHERS AND RADI- 
OOBAPHERS’ ASSISTANTB 

31.201 Limitations. 
(a)  The licensee shall not permit any 

person to act as a radiographer as d e  
fined in this part until such person : 

(1) Has been instructed in the sub 
jects outlined in  Appendix A of this 
part and shall hare demonstrated UII 

derstanding thereof; 
(2) Has received copies of and in 

struction in the regulations containec 
in this part and the applicable section! 
of Par t  20 of this chapter, AEC 
license (s) , and the licensee’s operat 
ing emergency procedures, and shali 
have demonstrated understanding there 
of ;  and 

(3)  Has demonstrated competence tc 
use the radiographic exposure devices 
sealed sources, related handling tool! 
and surrey instrunlents which mill bc 
employed in his assignment. 

(b)  The licensee shall not permit an: 
person to act as a radiographer’s assist 
ant as defined in this part until sucl 
person : 

(1) Has received copies of and ir 
structions in the licensee’s operatin 
and emergency procedures, and shal 
hare  demonstrated understandin 
thereof; and 
(2) Has demonstrated competence t 

use under the personal supervision c 
the radiographer the radiographic es 

5 D 0 b 9 -1 8 

gg1m Posting. 
smithstanding any 

~%W(C) of this chal 
&kti radiography is be 
stdl Be conspicuously 
d by $20.203 ( b )  * rhapter. 

rZI.303 Radiation surv 
~ W t r d S .  

s t l  Xo radiographic o 
L mdncted unless calil 

~~ e radiation survey in 
B h r l b e d  in C 31.104 is 

at each site where 
are made. 

3) A Physical radia tio 
”mde after each rad 

a radiogra] 
%*e that the seal 
- m m e d  to its shielt 



i for  controlling fr 

reas  ; 
s and occasiolls for 1- 
ng radiographit 
:e containers awl --a*- 

REGULATIONS 

Security- 
$j3'1 

each radiographic operatioi 

shall maintain a direct surveil 
eUi the opration to  protect agains 
z@ orjzed entry into a high radiatioi 

9te defined in Part 20 of this chap 
rSept ( a )  Khere the high radiatioi 

isequipped with a control devicf 
e alarm system as described i r  

IC) (z), or (b)  where the higl 
&tioo area is locked to protec 

unauthorized or accidenta 

f i e  

~9 Posting. 
~ t h s t a n d i n g  any provisions ir 
$%(e) of this chapter, areas i n  
& radiography is being performed 
*- be conspicuously posted as re 

by 820.203 ( b )  and ( e )  (1) of 
3 chapter. 

Radiation surveys and survey 

iographic operation shall 
less calibrated and o p  
survey instrumentation 

in $31.104 is arailable and 
h site where radiographic 

,wins tadioBgpher or radiographer's as  

=- 

after each radiographic ex- 
% a radiographic operation 
e that the sealed source has  
ed to  its shielded condition. 

( c )  A physical radiation survey shall 
be made to determine that  each sealed 
source is in its shielded condition prior 
to securing the radiographic exposure 
device and storage container as specified 
in 3 31.102. 

( d )  Records shall be kept of the sur- 
veys required by paragraph ( e )  of this 
section and maintained for  inspection 
tiy the Commission. 

EXEMPTIOXS AXD SDDITIOXAL 

REQUIREMESTS 

I 31.401 Applications for exemptions. 

The Comniission may, upon applica- 
tion by any licensee or upon its  on-n 
initiative, grunt such exemptions from 
the requiremeiits of the regulations in 
lhis part  as it deterwines are authorized 
by law and will not result in undue 
hazard to life or property. 

5 31.402 Additional requirements. 

The Commission may, by rule, regula- 
tion, or order, impose upon any licensee 
such requirements in  addition to those 
established in the regulations in this 
.)art, as it deems appropriate or neces- 
sary to  protect health or to niinimize 
laiiger to life or property. 

EIVFORCEM EX T 

j 31.501 Violations. 

An injunction or other court order 
nay be obtained prohibiting any viola- 
.ion of any provisions of the Act or any 
.egulation or  order issued thereunder. 
l ny  person who wilfully violates any 
wovision of the Act or any regulation 
)r order issued thereunder may be 
:uilty of a crime and, upon conviction, 
tiay be punished by fine or imprison- 
uent, o r  both, as provided by law. 

APPmI)ix A 

I. Fundamentals of radiation safety. 
A. Characteristics of gamma radiation. 
B. Units of radiation dose (mrem) and 

uantity of radioactivity (curie). 
C. Hazards of excessive exposure of mdia- 

ion. 
D. Levels of radiation from licensed ma- 

erial. 
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@* & I ) .  
ft. * 30 days after lmblication i i  

kx-EIIERSL REGISTER. 10 CFR Par t  51 
> Inended as follOl\-S : 

@b.c a raph ( r )  of 5 50.2 is redesig 
' parag 
1 araFpph ( S )  . The followinj 
gd qaph (r )  is added to 5 50.2 
8 p'3@ 

st" 

ice 

Definitions. 

.iTestilg facility" means a nu 
Rnctor which is of a type de 

in 8 60.21 (c)  and for  which ar 
hap been filed for a lieenst 

thermal power lerel in elicesf 

= + ,  9 thermal power level in excess 

? 
megawatt, if the reactor is to con 

I: 
i r  circulating loop through thc 

ahich the applicant proposes t c  
fuel experiments ; or 

. G I  A liquid fuel loading ; or 
2 )  An experimental facility in the 

&.in excess of 16 square inches in 
,-section. 

The following riew section is 

* * * * 
it1 

dtn,fizing oIJeration at : 

i l l  A 
Io ; 01 

t *  

S G  Hearing and reports of the Ad- 
rimy Committee on Reactor Safe- 
gnards. 

1 1  Each application for a license for 
mtuction or utilization facility 

is of a type described in 8 8  50.21 

for a testing facility shall, and 
cation for a production or  
facility which is of a type 
n $ -50.21 ( a )  or  ( c )  may, be 

to the Advisorj- Committee on 
for review and  re- 

tion and available to the public, except 
to the extent that  security classification 
Icevents  disclosure. 

( b The C'omniission ivill hold a hear- 
ing af ter  30 da7,rs' notice and publication 
@me in the FEDERAL REGISTER on each 
application for a license for a produc- 
tion or utilization facility which is of a 
type described in 5 5  50.21 (1)) or 50.22, 
and on each application for a license 
for a testing facility. 
(Sec. 161. 60 Stat. 94s; 42 U.S.C. 2201) 

day of January, 1960. 
Dated at Germantown, Md., this 29th 

For the Atomic Energy Commission. 
A. R. LUEDECKE, 

General J fanager.  

P a R T  7 G S P E C L 4 L  xVCZEAR 
MATERIAL 

AIISCELLAREOUS AALENDMENTS 

On August G .  1959, the *4tomic Energy 
3oinluission issued for public coinment 
1 proposed :imendnient to Part 70 re- 
piiring that persons holding special nu- 
ilear material licenses furnish the Com- 
nission semi-annual reports as of June 
10 and December 31 concerning special 
iuclear material distributed by the 
:ommission pursuant to section 53 of 
he Atomic Energy Act of 1954, as 
mended. These reports, to be sub- 
nitted on Form AEC-57S, would pro- 
.ide the Commission with information 
boncerning special nuclear material re- 
ieived, transferred or  possessed by the 
icensee or for which the licensee is fi- 
iancially responsible to the Commis- 
ion. I n  addition to proriding informa- 
ion semi-annually as t o  the location of 
uaterial, the report would include in- 
ormation needed in computing use, loss 
If material and related charges for  
pecial iiuclear material. 

Based on cominents received from in- 
erested persons, certain rerisions have 
leen made in the proposed reporting 
orm and in the accompanying instruc- 
ions. On the form itself Item Id has 
een added t o  identify the ending date 
f the period for which the report is 
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prepared. In the accompanying instruc- 
tions ; 

(1) Licensees a re  instructed to send 
the original and one copy to the Com- 
mission’s Oak Ridge Operations Office 
and one to the Commission‘s Washing- 
ton Headquarters. 

( 2 )  Concerning Items 6 and 10, the 
language is modified to make it clear 
that  the report should list each receipt 
or shipment, rather than provide only 
the total quantities receired from or 
shipped to others during the period. The 
instructions also now require that an 
asterisk be used to identify material for 
which the licensee was charged or re- 
lieved, during the reporting period, with 
respect to financial responsibility to the 
Commission. 

(3) Concerning Items 12, 13 and 17, 
the instructions are modified to require 
identification of the licensee haring fi- 
nancial responsibility with respect t( 
losses and burn-up. 

Copies of Form AEC-578 may be ob 
tained from the Director, Division 01 
Licensing and Regulation, U.S. Atomic 
Energg Comnlission, Washington 25 
D.C. 

The proposed amendment as pub 
lished on August 6,1959, would ha re  re  
quired that  all special nuclear materia 
licensees furnish a report semi-annuall: 
to the Commission. The amendmen 
has been changed so tha t  the June 31 
report will not be required from l j  
censees who during the six months prc 
ceding June 30 had losses or burn-up 0. 
less than ten grams of special nuclea? 
material, and who did not receive o 
transfer any special nuclear material 
or financial responsibility therefor. 

Effective upon publication in the FED 
ERAL REGISTER, 10 CFR Par t  ’io, “Specia 
Nuclear ;\laterial”, is amended in th 
following respects : 

(1) Redesimate 8s 70.53 and 70.54 
a s  70.54 and 70.55, respectively. 

(2)  Add the follon’ing new 5 70.53 : 
8 70.53 Material Status Reports. 

Each licensee shall submit to the Corn 
mission on Form AEC-5’78 reports con 

5 0 0 b q 8 2  

APPENDIX 8 

MISCELLANEOUS IIh1EXDUE.m 

In order to permit the I B I I ~ ~ :  rs 
pensation Board to  conduct its 
’ngs by panel pursuant to *tie 
If the Atomic EnergF Act of 1 
imended, two changes to the r u k s s  
*espect thereto, 10 CFR Pan e 
womulgated by this noticv. 5- I 
s added to permit the Cn 
fiesignate a chairman of the Bcm*d 
to proride for the designatien @d 
:hairman of panels to bear 
sisting of three members Of 
The definition of “Board” ~~t~~~ 

8 80.2 ( b )  of the regulations h s  
rised to include 8 panel of thF 
bers of the Board. 

Because these amenduenE 
matters relating to a w l q  NP 
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dure and effectiveness there( 

rse& affect any person, t k  
has found tha t  good caus 
ch aniendments should b 
30 days after publicatio 

F E D C B ~ ~  REGTSTEB. Howerer, a 
~ :bt’ persons mho desire to submi 
!,.res 

~ and suggestions wi t  
Cir‘frn these rules Should send the1 

p,110~5 B 
Definitions. 

+Rnard” meaxis the Patent Corn- 
Board designated L q  the Coin- 

daC pursuant to section 15Ta. of the 
.,icFnergy Act of 1954, as amended, 

*r three or more members thereof 
s n panel pursuant to 9 80.8. 
tion 80.8 is added to read a 

* * * 
I *  

- 
e.. 

i Chairman ; designation of pan 

The Chairman shall be designate( 
Commission. The Chairma] 

i s m  time to time, with the con 
of a majority of the members 
lard. divide the Board into twc 
panels, each consisting of no1 - -  

hree inemhers. A majoritJ 
Dmber of members authorized 

‘lute the Board or  a panel there- 
: constitute a quorum of the 

be ls  Shall si t  at the times and 
hear the cases assigned as 
directs and may make any 

rrnder any decision which the 
’‘’uld hare been empowered to 
'rider if the matter had not 

ed to the panel. Every such 

Panel. as the Case may be. 

order made or decision rendered by a 
panel shall be made a6 the order, or 
rendered as the decision, of the Board. 
(See .  161, G S  Stat. 9426. 42 U.S.C. 2201) 

Dated at Gemantown, Nd., this 3d 
day of August 1960. 

For the Atomic Energy Commission. 

R. E. HOLLINGSWOBTH, 

PAKT S-~AFEGUARDING OF 

RESTRICTED DATA 

Acting General Manager. 

CXTEBNAL TBAN6MI66ION OF DOCUMEXTB 

AND MATERIAL 

Kotice is hereby giren of amendment 
If the Commission’s regulations relating 
o the transmission of Restricted Data 
inder this Part. The amendment is de- 
igned to  permit the transmission of 
:onfidential material by first class mail 
r certified mail. In addition, the types 
f express services that  may be used for 

;ransmitting either Secret o r  Confi- 
lential material are specified. Because 
.he Atomic Energy Commission has  
ssiied a substantial number of access 
Iermits, aud because interested persons 
Ti l l  not be adversely affected, the Com- 
nission has found that  good cause exists 
vhy the regulations in this par t  should 
le made effective without the customary 
0 day period of notice. Effective upon 
lublication in  the FEDERBL R E O I S ~ ,  
95.33 (d)  is amended to read : 
( d )  Nethods of transportation. (1) 

#ecret documents and material shall be 
ransported only by one of the following 
iethods : 

(i)  Registered mail. 
( i i )  Railway or air express in  “Armed 

uard Service” or  “Armed Surveillance 
ervice”. 

(iii) Individuals possessing appropri- 
te AEC security clearance who have 
?en giren written authority by their 
nployers. 
( 2 )  Confidential documents and ma- 

#rial shall be transported by one of the 
ethods set forth in subparagraph (1) 
’ this paragraph or by one of the fol- 
wing methods : 
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( i )  Certified or first-class mail. if ap- 
prored by the Manager of Operations 
administering the permit. Certified or 
first-class mail may not be used in any 
transmission of C-onfidential documents 
to Alaska. Hawaii, the Canal Zone. 
Puerto Rico, or anF United States terri- 
tory or possession. 

l i i)  Railway or air  express “Protee- 
t i re  Signature Serrice ;” rail\wF ex- 
press “Recorded Tally Service :” airlines 
“Protective Signature Service :” when 
available: rail or motor rehicles in 
sealed car or sealed ran service: or 
services proriding equivalent protection. 

(iii) Material in less than carload. 
truckload, or planeload lots, by regular 
commercial carrier when the container 
and its contents weigh more than 500 
pounds and such container is locked and 
sealed. 

Dated a t  Germantown, Md., this 11th 
day of April 1960. 

For the Atomic Energy Comniission. 
A. R. LUEDECHE, 

General Nanager.  

PART ~ ~ O - F I N A N C I A L  PROTECTION RE 
QUIRENENTS AS’n INDEMKITY AGREE 
hIENTS 

The following nmendments to Par1 
140 constitute a comprehensire revisior 
to this part. 

Kotice of proposed issuance of thc 
following rules was published in thc 

F.R. 3,508), A detailed statement of con 
siderations explaining the pro\-isions o 
the following amendments was puh 
lished with the notice of proposed nil 
making a t  24 F.R. 3508. Comments Alec 
by interested persons hare  been give1 
careful considera tion. 

Except for $ f  140.3, 140.6, 140.1: 
140.1.7 and 140.17, the provisions of th 
following amendments are the same a 
those incorporated in the notice of prc 
posed rule making. Section 140.6 (COI 

cerning reports) has been rewritten t 
clarify the obligations of an  indeninifie 
licensee following a nuclear incident an 
to eliminate the filing of estensive II 

FEDER.41, REGISTER On n h y  1, 1!%9 (2d 

5 0 O b ’ f 6 4  

pl~rpose. 
scope- 
Definitions. 
Interpretations. 
comni nn i cq L- t ions. 
Reports. 
Fees. 
Specific exemptio 

:ptf ~ n ~ o u n t  of financ 
quired for other 

,4zl-ln f mount of financ 
quired of certai 
ptruction permit 

gerv14 T , - J ~ ~ s  of financial 
t P . l ~  proof of financial 
IW-lb Commission reriew 

cia1 protection. 
g t a . ~ ~  Special prorisions 

censees furnishil 
tection in whole 
form of liability 

w-1~ Special provisions 
censees furnishil 
tectfon In whole 
form of adequate 

s&IB Failure by license 
financial protectit 

W Indemnity agreemet 

TO FEDERAL AGE 
a=! Scope. 
-*z Indemnity agreemen 

.a- S ~ ~ P R O ~ I T   EDUCATION^^ 

-2 Indemnity agreemen 

mal’ C - P R O \ 7 1 S I O ~ s  AI 

-Am D-PROVISIONS Ap 

m3 scope. 
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requirements f o r  determining the finan- 
cial Iwoteetion required of licensees and 
for the indeninific;~tion and liniitation 
of liatjility of certain licensees and other 
persons 1)ursuatit to section 170 of the 
Atonii(. Energx Act of 1934 (GS Stnt. 
!)I:)) .  :I% amended. 

8 140.2 Scope. 
( a )  The regulations in this part ap- 

ply to each person who is an alqilicant 
€or or holder of a license issued pur- 
suant to Part 50 of this chapter to op- 
?rate a nuclear reactor. 

( h )  ( 1 )  Subpart B of this part  does 
lot  apply to aiig person subject to Sub- 
?art C of this par t  or D. Subpart C of 
his part  applies only to  persons found 
)s the Coinnrission to be Federal agen- 
cies. Suhpart D of this part applies 
unly to persons found b r  the Commis- 
sion to be nonprofit educational insti- 
tutions with respect t o  licenses and ap- 
plications for licenses for the conduct 
2f educational actirities. 

( 2 )  Any applicant or licensee sub- 
ject to this part may apply for a finding 
hat  such applicant or licensee is sub- 
ject to the provisions of Subpart C or  D 
if this part. The application should 
state the grounds for the requested find- 
ng. Any application for a finding pur- 
suant to this Daragraph may be included 
n a n  application for  license. 

I140.3 Definitions. 
As used in this part, 
(a )  ‘‘Act” means the Atomic Energy 

k t  of 1954 (GS Stat. 919) including any 
tniendinents thereto. 

( b )  “Commission” means the Atomic 
3nergy Commission or i ts  duly author- 
zed representatives. 

( c )  “Federal agency” means a Gov- 
ernment agency such tha t  any liability 
n tort based on the activities of such 
igency would he satisfied by funds ap- 
nropriated by the Congress and paid out 
)f the United States Treasury. 

( d )  “Financial protection” means the 
%bilit,r to respond in damages for public 
iabilitr arid to meet the costs of inves- 

,I@ scope. 
4mounts of financial protection f o ~  

certain reactors. &ll - 
~ ~ ~ o u n t  of financial protection re 

Alllount of financial protection re. 
quired of certain holders of con. 
struction permits. 

*I0 @ed for other reactors. 

iikf3 

s,4 Types of financial protection. 
l5 proof of financial protection. 

Comniission review of proof of finan- 
cial protection. 

Special provisions applicable to li- 
censees furnishing financial pro- 
tection in whole or in part in the 
form of liability insurance. 

special provisions applicable to  li- 
censees furnishing finnnciai pro- 
tection in whole or in part in the 
form of adequate resources. 

ds Failure by licensees to maintain 
financial protection. 

Indemnit~ agreements. 

3%€T C-PROYISIOSS &‘PLICABLE ONLY 
TO FEDERAL AGEXCIES 

3: Scope. 
Indcmnit~ agreements. 

an D-PROVISIONS APPLICABLE ONLY 
!=  PROFIT EDUCATIOXAL I S S T I T U T J O ~ ~  
=’: Scope. 
z2 Indemnitr agreements. 
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tigating and defending claims and set- 
tling suits for such damages. 

(e) “Government agency” means any 
executive department, commission, in- 
dependent establishment, corpora tion. 
wholly or partly ovned by the United 
States of America which is an instru- 
mentality of the United States, or anx 
board, bureau, division, seryice, office, 
officer, authority, administration, or 
other establishment in the executire 
branch of the Government. 

( f )  “Nuclear reactor” means any ap- 
paratus, other than an atomic weapon, 
designed or used to sustain nuclear fis- 
sion in a self-supporting chain reaction 

(g) “Person” means (1) any individ 
ual, corporation, partnership, firm, as 
sociation, trust, estate, public, or pri 
Pate institution, group, Government 
agency other than the Commission, any 
State or any political subdivision there. 
of, or any political entity within a State 
any foreign government or nation 01 

any political subdivision of any sue1 
government or nation, or other entity 
and (2) any legal successor, representa 
tire. agent, or agency of the foregoing 

(h )  “Source material” means sourc 
material as defined in the regulation 

$140.6 Reports. 

(a) I n  the-e-cent of bn(1ily iaja- 
property damage arising out 

cc ~ 

connection with the possessiol, rrr T;B 
the radioactive material at the ltr7.* 
or in the course of transportntirrt e contained in Part  40 of this chapter. 
the erent any claim is madP twa ( i )  “Special nuclear material” means 
written notice containing parik-* (I) plutonium, uranium 233, uranium enriched in the isotope 233 or  in the iso- sullicient to identify the 1iwtiw 

tope 235, and any other material which reasonably obtainable informath == 
the Commission, pursuant to the provi- respect to the time, Place, find 
sions of section 51 of the Act, deter. stances thereof, or the nature d a 
mines to  be special nuclear material. claim shall be furnished by M f-: 9 

but does not include source material : or licensee to the Commission n4 
(2)  any material artificially enriched as practicable. The term “ t b  
by any of the foregoing, but does not active material”, “the locatid.  g g  

include source material. 
( j ) “Testing reactor’’ meaUS a nu- this section shall have the lllPYni 

clear reactor which iS Of a type de- fined in the applicable indemnit.i 
scribed in 8 50.21 ( C  ) of this chapter and nlent between the licensee and W ’* 
fo r  which nn application has been filed mission: 
for a license authorizing operation at : 

(1) A thermal pori-er lerel in excess 1 A proposed form of mkmn!tF 
of 10 megawatts; or published in the FRpFR” 

(2)  A thermal power level in excess comment. It is eHpected that J =* ~ 

of 1 megaWatt, if the reactor is to Con- ,,f indemnitr  agreement will bc 
tain : 

the course of transportation” 8-2 ds 

Akugust ZS, 195s (23 F.R. w”” e 
s 

R t,’ ? i f r  ss? 
an  ear11 date as Appendis 

a t  the licensee’s 
prior to delire 

d m n m  number of : 
&*rated a t  that loc: 

In such cases, tb 
@ multiplied by thc 
emreported by the 
est tbe number of rt 
gmy one time exceed 
W, the licensee : 
Mona1 number of 

sSiOn and additio 
!made. If experience 

the estimated nun 
1 ken operated, app 
a f ~ ~ b s e q u e n t  bills 
’kmission.  
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Tt,e commission may require an 
;F’ cuk,ject to this part to keep suc 
&ir‘tl L 

2- arid furnish such reports to th 
+4’rd:--i,,n 2s the Commission deem 

- _  - 

licensee shall pay a fee tl 
IIlission at the rate of $30 pe 

d kilowatts of therma 
zed in its license: Pro 

Thst no fee shall be less thai 
or any nuclear reactor 

&all be due f o r  the period be 
date on which the ap 

mnity agreement is effec 
hall be paid in  accordance 

nstructions received fron: 

icensee manufactures 8 

tar of nuclear reactors each havini 
e a r  ]ere1 not exceeding 3% mega 

for sale to others and operate! 
at the licensee’s location tempo 

Tent of Plodilp i~ijutr e prior to delirery, the license( 
;e arising out of OT it report to the Commission tht 
, the possession or u . ~  & number of such reactors t c  
material at the lrM-ati* *rated at that location at any onc 

2 of transportation ftt zt; such cases, the fee shall equal 
claim is lnade themfe ultiplied by the number of re 

containixlg partidan eported by the licensee. I n  the 
lentify the lirensw & ~ 4  : the number of reactors operated 
ainable informatiou Kit& fone  time exceed the estimate 80 

time, place, and rim- , the licensee shall report the 
,f, or the nature 4bf f k s  nal number of reactors t o  me 
, furnished bF for fb ion and additional charges will 
, Commission 1 ~ ~ s n l i l @  d e .  If experience shows tha t  less 

SPBP,4ELT B-PROVISIOKS APPLICABLE ONLT 

TO BPPLICARTS AXD LICENSEES OTHER 

THAK FEDEEAL. AGEXCIEB AXII 303- 

PROFIT EDUCATIOYAL INSTITUTIONS 

$140.10 Scope. 
This subpart applies to  applicants for 

and holders of licenses issued pursuant 
to Part 50 of this chapter authorizing 
operation of nuclear reactors, except 
licenses for the conduct of educational 
actirities issued to, or  applied for by, 
persons found bS the Commission to be 
nonprofit educational institutions and 
except persons found by the Commission 
to be Federal agencies. 
$140.11 Amounts of financial protec- 

(a ) Each licensee is required to have 
ind maintain financial protection- 
(1) I n  the amount of $l,OOO,OOO for  

each nuclear reactor he is authorized to  
operate a t  a thermal power level not 
exceeding ten kilowatts ; 

( 2 )  I n  the amount of $1,500,000 for  
Each nuclear reactor he is authorized to 
q e r a t e  at a thermal power level in 
?xcess of ten kilowatts but not in exes8 
)f one megawatt; 
(3) I n  the amount of $2,500,000 for 

zach nuclear reactor other than 8 teat- 
ng reactor or a reactor licensed under 
section 104b of the Act which he is au- 
horized to operate at a thermal power 
eve1 exceeding one megawatt but not in 
!xcess of ten megawatts ; and 

( 4 )  In the amount of $60,000,000 for 
bach nuclear reactor he is authorized to 
lperate and which is designed for the 
iroduction of electrical energy and has 

rated capacity of 100,000 electrical 
ilowatts o r  more. 

(b )  I n  any case where 8 person is 
uthorized pursuant to Part 50 of this 
hapter to operate two or  more nuclear 

tion for  certain reactors. 
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8 140.12 Amount of financial protection 
required for other reactors. 

( a )  Each licensee is required to hare  
and maintain financial protection for 
each nuclear reactor for which the 
amount of financial protection is not 
determined in $140.11, in a n  amount 
determined pursuant to the formula ancl 
other provisions of this section : Pro- 
v ided ,  That in no erent shall the amount 
of financial protection required for an?‘ 
nuclear reactor under this section be 
less than $3,500,000 or more than $60.- 
000,000. 

( b )  (1) The formula is :  
x = B  times P. 

(2)  I n  the formula: 
x=Amount of financial protection in dol- 

B =Base amount of financial protection. 
P = Population factor. 

lars. 

(3) The base amount of financial pro- 
tection is equal to $150 times the maxi- 
mum power level, expressed in  thermal 
kilomatts, as authorized by the appli. 
cable license. 

(4 )  The polmlation factor (I?) shall 
be determined as follows: 

( i)  Step  1. The area to be consid- 
ered includes all minor civil diyisions 
(as shown in the 1950 Census of Popu- 
lation, Bureau of the Census, or later 
data  available from the Bureau) which 
a re  y-holly or  partly within a circle witb 
the facility at its center and having a 
radius in  miles equal to the square roo1 
of the masimum authorized power lere 
in thermal megawatts. 

Identify all minor civi 
dirisions according to the same censui 
which a re  in  whole or in  par t  within thc 
circle determined in Step 1. Determini 
the population of each such niinor civi 
dirision (according to the same censu 
or  later data  available from the Bureal 
of the Census). F o r  each niinor ciri 
dirision, di\-ide its population by thc 
square of the estimated distance to thc 
nearest mile from the reactor to  thi 
geographic center of the niinor c i d  di 
vision : P r o v i d e d .  That no such distanci 

( i i )  S t e p  2 .  

5 0 C b q f I 8  

tr)(i)  Proof of fii 
case of licensc 

ada l  protection in 
&e form of liabilit 
.wt respect to such 
tat a copy of the li 
ides) together wit] 
hmrers issuing SI 

€mid copy Is a tri 
eeective policy 

BR. The licensee I 

protection in 
k r  energy IiabilitS 
h t h  in 8 140.75. 
‘1 Such proof mi 
b of a copy of 
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combination of the fore. 4f 

ibl In any case where the Commi 
bas approved proof of financi: 

4 4tjon filed by a licensee the license 

;ba %,t one type of financit 
don for another type without firs v the written approVal of th 

sajsion. 
s.4+~j proof of financial protectior 

1) proof of financial protectioi 
case of licensees who maintail 
I protection in whole or in par 
Orm of liability insurance shal 

respect to such insurance) con 
cops of the liability policy (01  

together with a certificate bJ 
ers issuing such policy stating 
copy is a true copy of a cur 

ire policy issued to the li. 
licensee may furnish such 
tection in the form of the 

glo liability insurance policy 

proof may alternatively 
a ('OPT of the declarations 

a nudear energy liability policy 
fnrm set forth in 8 140.75 and 

the licensee : Provide(?, That 
Yf01-m has been filed by the 

th the ammission. The 
Page shall be accompanied 

miflcrate by the insurers stating 

I =  

401 

that  said copy is a true copy of the 
declarations page of a currently effec- 
tive policy am1 identifying the policy 
(including endorsemen ta ) by reference 
to the policy form which has been filed 
1 ) ~  them with the Conuissiou. 

( 3 )  The Vonmission will accaept anr 
other form of nuclear energy liability 
inslur;ince as proof of financial protec- 
tion, if it  cletern~ines that the provisions 
of such insurance proride financial pro- 
tection under the requirements of the 
Coni~~~ission's regulations and the Act. 

(b )  Proof of financial protection in 
the case of licensees who maintain 
financial protection in  whole or in par t  
n the form specified in  3 140.14 (a)  (2) 
;hall consist of a showing that  the li- 
'ensee clearly has adequate resources to 
)roride the financial protection required 
inder this part. For this purpose the 
ipplicant or licensee shall file with the 
:ommission : 

(1) L4iin~al  financial statements for 
he three complete calendar or fiscal 
'ears preceding the date of filing, to- 
'ether with a n  opinion thereon by a cer- 
ified public accountant. The financial 
taternents shall include balance sheets, 
perating statements and such support- 
ig schedules as may be needed for in- 
'rpretation of the balance sheets and 
perating statements. 
(2)  If the most recent statements re- 

uired under subparagraph (1) have 
:en prepared as of a date more than 
1 daYs prior to the date of filing, simi- 
r financial statements, prepared as of 
date not more than 90 days prior to 
le date of filing, should be included. 
hese statements need not be reviewed 

( c )  The Commission may require any 
'ensee to  file with the Commission 
ch additional proof of financial pro- 
ction or  other financial information as 
e Commission determines to be appro- 
iate for  the purpose of determining 
iether the liccnsee is maintaining fi- 
ncial protection as required under 
is part. 

a certified public accountant. 
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( d )  Proof of financial protection 
shall be subject to the approval of the 
Commission. 

(e) The licensee shall promptly noti- 
fy the Commission of  an^ material 
change in proof of financial protection 
or in  other financial information filed 
with the Commission under this part. 
8 140.16 Cornmission review of proof 

The Comruissio~i will review proof of 
financial protection filed by any licensee 
or applicant for license. If the Com- 
mission finds that  the licensee or  appli- 
cant for license is maintaining financial 
protection in accordance with the re- 
quirements of this part, approval of the 
financial protection will be eridenced by 
incorporation of appropriate prorision 
in the license. 

I 140.17 Special provisions applicable 
to licensees fiirnishiiig financial 
protection in whole or  in part in 
the form of liability insurance. 

Iu any case where a licensee under- 
takes to maintain financial protection in 
the forin of liability insurance for all or 
par t  of the fiiiaiicial protection required 
by this Imrt, 

(a )  The Conirnission may require 
proof thn t the orgsnization or  organiza- 
tions whir11 hare issued such policies 
a re  legally authorized to issue them and 
do business in  the United States and 
hare  clear ability to meet their ohliga- 
tioiis; and 

( b )  At least 30 days prior to the ter- 
mination of nny such policy, the licensee 
shall notify the Coxiiiiiission of the r e  
newt1 of such policy or  shall file other 
proof of financial protection. 

f 140.18 Specinl provisions applicable 
to licensees furnishing financial 
protectioxi in whole or in par t  in the 
form of adequate resources. 

In m y  case where a licensee under- 
takes to maintain fin:inci:il protection 
in the form specified in f 110.14(a) (2)  
for all or part  of the financial protec- 
tion reqiiired by this part, 

of flnancial proteetion. 

5 0 0 b CI 9 0 

(a)  The licensee shall file 
Commission a t  least annuall 

Cunimission pursuant to bF 1 

a vertlt prepared and certified by 
tJ11blic accountant in accordauc., 

ices. ( b )  The Commission may 
~ c h  licensee to file with th 
sion such additional financial illlrJF, 
tion as the Commission determillf., ,,; 
appropriate for the purpose of cir, 

iiiining whether the license is 
taining financial protection as 
by this part. rhjcto,-. 

8 140.19 Failure by licensees 

.;11ch dates as are  specified in th s -9  hff, 
xble written approval issued e " r i ;  

balaiice sheet and operating '.It 

conventional accounting pract* %. . 

tain financial protection. O k i  

In any case where the corn 
tinds that the financial Protection 
rained by a licensee is not aderlrrst, 
meet the requireluents of this Par, 
Commission may suspend or reTutr -~ ~ 

license or may issue such order ai, 
spect to licensed activities as the C.a 
iiiission determines to be appropfils- 
necessary in order to carry out tb 
visions of this part  and of s ~ t i  
of the Act. 

4 140.20 Indemnity agreements. 

issue agreenients of indemnity 11 
to the regulations in this part tlt 
Ither regulations as may be ism 
:he Commission. Such agrwntt-s 
10 any licensee, shall be effectin 
(1) The effectire date Of tfie 1 

(issued pursuant to Part 50 of t 
ter) authorizing the license f@ 

nuclear reactor involrd : @ 

~ 

- 

(a)  The Commission will sm;e 

subpart applies on1 
4 by the Commission t 
des, which have appli, 
&S of licenses issued 
r, 50 of this chapter au1 
~ I I  of nuclear react01 
CS: Federal agencies are 
4 s h  financial protection. 

a9 Indemnity agreer 
The Commission v 

m n t s  of indemnity wi 
e n c y  subject to this s 
E to the regulations in  
dter regulations as m: 
le Commission. Each 
rhall contain such pr 

W e d  by law and sucl 
hm as may be iJ 
a bs the Commission 1 
ttiOn. Such agreement 
** shall be effective c - 
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earlier. NO Such agret 
shall be effective prio 

tered into by th 
*ith licensees subject t 

set forth in Appendi 
demnity agref 

into by the CommiE 
articular licensee unde 

such modifica 
in Appendix “By’ as ab 

in applicable license6 
or orders of the Commis 

o has execute( 
fl ,greement under this par 
i t o  such agreements amend 

indemnity agreement as arc 

br licenses, re,aula 
&,,s of the Commission. 

e 
for 

cia1 protection. 

ppBOVISION6 APPLICABLE 

nines to be appropda 
miter to  carry out &e 
s part and of wCtiIJn 1 

Mch have applied for or arc 
Eenses issued pursuant t c  
&is chapter authorizing op 
nuclear reactors. 
era1 agencies are not required 
ncial protection. 

?mnity agreements. 
kmmission will execute e 
bnts of indemnib iru 
tions in this part or e Commission will execute 

Lon. Such agrwiiienk subject to this subpart pur- 

ions as may be issued feCti1-e date of tile f 
n. Each such agree- lant to Part 30 (if  L b -  such provisions as 

and such additional 
may be incorporated 

Commission pursuant to 

be effective on: 

Indemnity agreements. 

will be published at 
Appendix €3 to this part. 
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(1) The effective date of the license 

(issued pursuant to Part 50 of this 
chapter) authorizing the licensee to op- 
erate the nuclear reactor invol\red; or 

( 2 )  The effective date of the license 
(issued pursuant to Part 70 of this 
chapter) authorizing the licensee to 
possess and store special nuclear mate- 
rial at the site of the nuclear reactor 
for use as fuel in operation of the nu- 
clear reactor after issuance of an oper- 
ating license for the reactor, 

whichever is earlier. No such agree- 
ment, however, shall be effective prior 
to September 26, 1937. 
SUBPART D-PBOVISIONS APPLICABLE ONLY 
TO NONPROFIT EDUCATIONAL INSTITU- 

TION8 

!j 140.71 Scope. 
This subpart applies only to appli- 

?ants for and holders of licenses issued 
for the conduct of educational activities 
;o persons found by the Commission to 
38 nonprofit educational institutions, 
2xcept that this subpart does not apply 
:o Federal agencies. 
NOTE : Financial protection i s  not required 

Kith respect to licenses issued for the con- 
Iuct of educational activities to perrions 
‘ound by the Commission to be non-profit 
bducational institutions. 

i 140.72 Indemnity agreements. 
(a) The Commission will execute 

igreements of indemnity with each per- 
subject to this subpart in accord- 

ince with this part or such other regu- 
ations as may be issued by the Com 
nission. Each such agreement shall 
Iontain such provisions as are required 
by law and such additional provisions 

may be incorporated therein by the 
:ommission pursuant to regulation. 
juch agreements, as to any licensee, 
hall be effective on: 
(1) The effective date of the license 

issued pursuant to Part  50 of this 
hapter) authorizing the licensee to 
)perate the nuclear reactor involved ; or 

(2) The effective date of the license 
:issued pursuant to Part 70 of this 
bhapter) authorizing the licensee to 
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possess and store special nuclear mate- 
rial at the site of the nuclear reactor 
for use as fuel in operation of the nu- 
clear reactor after issuance of an oper- 
ating license, whicherer is earlier. KO 
siic’h agreemelit shall be effective RS of 
a dnte earlier than August 23, 19.3, es- 
cept that the Ctrnirnissic~;~ m:%y UIWII  

good caiiw foillid, niakr suc*lr :igrwment 
effectiye as of a date prior to August 23, 
1958. I n  no event m a r  the agreement 
be effective as  of a date prior to Sep- 
tember 26, 1997. 

FACILITIES a 
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- CENSES ~. IN  

1 SEPT. 1, Jar;. 1, JAS. 1, EFFECT 
1954 TO 1958 TO 1960 TO AS OF 
DEC. 31, DEC. 31, Sov. 30, Xov. 30, 

1957 195s 1959 1960 1960 -- 

F~CILITIEY a 

-7 
5 
1 
1 
1 

1 
1 
0 
0 

b 2 0  
5 
28 
16 

16 
0 
0 
6 

10 
2 
6 
1 

0 
0 
0 

148 
21 

151 
9” 

4,541 
2,456 

I 

0 
4 
0 
I 

9 
& 

0 
0 
0 

0 11 
9 

19 
17 

5 
2 
1 

14 

4 
2 

e 5  
10 

0 
0 
0 

215 
67 

115 
156 

1,303 
6i6 

0 
5 
1 - 
0 
1 
2 
3 

d 15 
15 
9 

34 

11 
0 
1 

10 

1 
1 
3 

16 

0 
0 
0 

176 
81 
73 

1% 
1,168 

721 
I I 

f 

ai to construct and operate are filed simul@eously; conversiom from construction permits 
*me are made upon satisfactory completlon of construction. 

s&orize construction of 36 reactors and modification of 2 reactors. 
,@- mnstruction of 38 rmntnrc -- -------. 
~ ~ & o n z e  construction of 13 reactors and modification of 2 reactors. 
?abonze cqnstruction of 24 reactors and modification of 1 reactor. 
zms terrmnate upon completlon of shipment. = authorize possession only. 

405 

f 
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APPLICANT AND LOCATION 
OF FACILITY 

Carolinas Virginfa Nuclear 
Power Associates, Inc. 
Parr, S.C. 

DESCRIP~ON OF FACILITY 

Commonwealth E dison 
Go., Dresden Station, 
Qrundy County, Ill. 

Consolidated Edison Go., 
Westchester County, 
N.Y. 

Consumers Power Co., Big 
Rock Point, Charlevoh 
County, Mich. 

Florida West Coast Nu- 
clear Qroup, Inc., Polk 
County, Fls. 

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

Northern States Powel 
Co., Sioux Falls, S. Dak 

Pacific Gas and Electric 
Co., Humboldt Ba5 
Power Plant, Eureka 
Calif. 

Philadelphia Electric Co. 
Peach Bottom, Yorl 
County, Pa. 

Power Reactor Develop 
m e n t  Co., Lagoon] 
Beach, Mich. 

Saxton Nuclear Experl 
mental Corp., Saxton _ .  
Pa. 

Co., Rowe, Mass. 
Yankee Atomic Electri 

POWER REACTOR6 

7,000-k i lo w a t t , vertical 
pressure tube, beavy wa- 
ter moderated and cooled 
reactor. 

80,000-kilowatt, dual cycle, 
boiling water reactor. 

163,000-kilowatt, pressurized 
water (plus 112,000 kw of 
conventional superheater 
capacity). 

r5,000-kilowatt, high power 
density, single cycle, boil- 
ing water reactor. 

!~1,000-kilowatt, high tam- 
pe ra tu re ,  gas-cooled 
heavy water moderated, 
pressure tube type reactor, 

3,000 to 5,MHTkilowatt devel 
opmental boiling watei 
reactor. 

66,000-kilowat.t, controllec 
recirculation b0-g wate 
reactor. 

50 mkilowatt ,  single cycll 
boiling water reactor. 

40,000-kilowatt, helium 
cooled, graphite model 
ated, developmental rea( 
tor. 
reactor. 

100,000-kilowatt, fast b m d t  

20,000-kilowatt (therms! 
pressurized light water n 
actor. 

134,000-kilowatt pressurize 
light water reactor. 

~~ 

July 9, 1959 

Lpr. 1, 1955 

dar. 22,1955 
iste of appli- 

‘an. 18,1960 

cation) 

Dec. 10,1959 

ran. 10,1956 
date of appli. 

cation) 

Apr. 1,195I 

Apr. 30,1951 

July !?5,1W 

Jan. 7,193 

July 24,195’ 

July 8,196 
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[CATIONS 

a=-- 

-... _ _  __. 

TEST REACTORS 

1Ol000.kilowatt, light water Oct. 22,1958 

55,000-kilowatt, hght water May 31,1960 

33,mkiIowatt. pressurized June 14,1957 

moderated, pool. 

and barylhum moderated 
reactor. 

water reastor. 

60,000-kilowatt, pressurized Aug. 20,1956 
water reactor. 

60,000-kflowatt, pressurized 
water reactor (MTR 
type). 

Mar. 12,1956 

RESEARCH REACTORS 

lwmilliwatt Model AQN- 
201 reactor, serial 100. 

Two IWmilljwatt and one 
bwatt (later amended to 
20-watt) Model AGN-201 
and AQN-20lM reactors, 
serials 101, 102 and 103. 

Four 1WmiIliwatt and one 
bwatt Model AQN-201 
and AQN-20lM reactors, 
serials 104 through 108. 

Twelve 100-milliwatt Model 
AQN-201 reactors, serials 
109 through 120. 

One 1-watt pool-type Model 
AQN-211 reactor, serial 
100. 

Fifteen 1WmiUiwatt Model 
AQN-201 reactors, serials 
126 through 140. 

Five &watt (later amended 
to %watt) Model AGN- 
201 reactors, serials 121 
through 125. 

Ten lbwatt Oater amended 
to 1Wwatt for 3 reactors) 
Model AGN-211 reactors, 
serials 101 through 110. 

Mas  28,195( 

Sept. 11,195~ 

NOV. 28,195f 

Feb. 12,1957 

NOV. 12,1957 

Dw. 2,1957 

Dec. 3.1957 

Apr. 14,1958 

Application withdrawn by let- 
ter dated Sept. 21, 1959. 

Application withdrawn by let- 
ter dated July 11,1960. 

Construction permit issued 
Mar. 11,1958; licenses issued, 
for criticality tests Dec. E,  
1958, for test reactor opera- 
tion Jan. 7, 1959; amended 
Mar. 11, 1960 to authorize 
changes in boiling water loop 
and operation of the loop. 

Construction permit hued 
July 21, 1958. 

Construction permit issued 
July 3, 1957; License for 20,m 
kw (thermal) operatlon is- 
sued June 19, 1959; amend- 
ed for 60,OOO kw (thermal) 
operation Jan. 8 1960; opera- 
tion suspended by Commis- 
sion Order June 30, 1960. 
resumption of _operation au- 
thorimd Sept. I ,  1960. 

Construction permit issued 
Aug. 16, 1956; license issued 

Construction permit issued 
Feb. 22, 1957; licenses issued 
Feb. 23, 1957, Mar. 14, 1957 
and Mar. 29, 1957 (amended 
for 20-watt operation Bug. 22, 
1958 (ser, 103). 

Constructlon permit issued 
July 8, 1057; t w o  licenses 
hued July 10, 1957; licenses 
also issued, July 31, 1957, 
Aug. 23, 1957 and Sept. 20. 
1957. 

Construction permit issued 

sued Aug. 23, 1957, Oct. 28, 
1957, Jan. 22, 1058, May 16, 
1958, June 3,1958 and June 30, 
1958. Application covering 
construction of remaining six 
reactors withdrawn by letter 
Sept. 16: 1980. 

Constructaon permit issued 
Jan. 24, 1958; license issued 
Feb. 12, 1958. 

Construction permit Feb. 20, 
1958. Ten reactors (serials 
131 through 140) withdrawn 
from application by letter 
Sept. 16,. 1860. 

Construction permit issued 
Feb. 20, 1958; amendment 
issued increasing operating 
level to 20 watts issued Nov. 
14, 1958. Application with- 
drawn by letter Sept. 16, 
1960. 

Construction permit issued 
Aug. 6, 1958: amended Mar. 
4, 1959 to increase operating 
level to 100 watts for serials 
103, 104 and 105. T w o  r e  
actors (serials 104 and 105) 
withdrawn from application 
by letter Gept. 16, 1960. 

OCt. 19, 1956. 

July 8, 1957; Six licenses is- 
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FACILITY 
APPLICAXT A S D  LOCA4TIOX I 

OF FACILITY I 

American Radiator R. 
Standard Sanitary Corp., 

Mountain View, Calif. 

Do _ _ _ _ _ _  _ _ _  - _ _  _ _ _  _ _ _  _ _ _  

Armorir Research Foundn- 
tion, Chfmro, Ili. 

T h e  Babcock & Wilc.oi 
Go. Lynchburg, Vn. 

Battelle Memorial Insti- 
tute, West Jefferson, 
Ohio. 

Catholic Universky of 
America, Washington, 
D.C. 

Colorado State University, 
Fort Collins, Colo. 

Cornel1 University, Ithaca, 
N.Y. 

Daystrom, Inc., West 

The  Don Chemical Co., 

Ford Motor Co., Dear- 

General Dynamics Corp., 

Do ___._______ _ _  _ _ _ _ _  _ _  

Caldwell, N.J. 

Midland. Mich. 

born, Mich. 

San Diego, Calif. 

General Electric Co.. Ala- 
meds County, Calif. 

Georgia Institute of Tech- 
nology, Atlanta, Ga. 

0 At applicant's request 
of new application a t  later 

1-watt WTR-1) a a p h i t r  
modpratpd reartor ( A r -  
ponaiit tylw I .  

1-watt Exhibition I'TR- 
Model I1 reactor. 

1O-kilowitt pool-type renc- 
tor. 

1,000-kilowatt pool-t ype re- 
actor (later amended for 
2,OOo kw. steady state and 
3,OOo kn. intermittent op- 
eration). 

AGN-201 100-milliwatt re- 
actor, serial 101 (purchased 
from AON).  

AGS-201 100-milliwatt re- 
actor, serial 109 (pur- 
chased from A O N .  

10-kilowatt dual core, pool- 
type reactor (application 
resubmitted to cover 10- 
wat t  pool-type reactor des- 
ignated the Zero Power 
Reactor). 

IO-kilowatt TRTQA reactor. 

1,0(@-kilowntt pool-type re- 
3ctor. 

10-kilowatt Argonaut-type 
reactor. 

1,OOO to 10,000-kilowatt liq- 
uid metal fuel reactor. 

10 to 100-kilowatt mol-type 
reactor. 

T R I O A  reactor, 250-kilo- 
watt steady state, multi- 
megawatt pulses. 

1,000-kilowatt F L A I R  re- 
a c t o r  ( r e d e s i g n a t e d  
T R I G A  Mark F by ap- 
plicant). 

30-kilowatt, light water 
cooled and modemted, 
graphite reflected reactor. 

1,000-kilowattt, tank type, 
heavy water moderated 
and cooled reactor. 

'1113- 12.195; 

Fch. 2.19613 

Inn. 7 .  1955 

July 10,195; 

July 22,1957 

Feh. 21.1958 
Jan. 4,1960 

Jan 4,1960 

Oct. 29,195C 

Dec. 11,1956 

Jan. 31,1956 

Jan. 1i,1956 

Kov. 19,1957 

Mar. 9,1960 

July 1,1957 

Feb. 3,1960 

the construction 
date. 

permit was revoked Feb. 14, 

Relocatic 
for 100- 

callege, Ral- 10-kilowa 
f l e c t e  
water I 

pcee lopment  menca, Pawl- 5-watt ated an hc 

University, IO-kilorva 
water n 



l g m  Construction mmjt a June 2 9 , l w .  
1956 Construction perm!: 8 

Apr. 29,1958 for lo[, LI 
ation; amended f o r m  
operation a t  
1,ooO kw. me f, 
amended Oct. 10, til 
thorizhg shutdown slr 
for 1-year pend. h 
minated on transhda 
to Penn State I s s z  
effective Dec. I?, 1- 

J ~ n e  20, 1%;; l lwm 3 

pow" 'p 
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<@CAmoS 1 DESCRIPTIOX OF FACILITY ET.4TrS 
I ,? o + p  

r:r p c r L I T f  

- RESEARCH RESCTORE-Continued 

t'njve-sity, 10-kilon-att -4rgonaut-type 
aft reactor (AR&SSC Model 

,je[t Corp., 10-watt pool-type training reactor. 

= IC*%. UTR-IO). 
4 

os* 
~ 

~ ~ _ _ _ _ _ _ _ _  * - - - - - - - - -  

10-megawatt Radiation Ef- 

1,000-kilowatt heavy water 
fects Reactor. 

moderated reactor. 

TRIOA reactor, 100-kilo- 
watt steady state, multi- 
megawatt pulses. 

&watt solution-type labora- 
tory reactor (Model L-47). 

10-watt solution-type labo- 
ratow reactor (Model L 
571. 

~ coueg, Ral- 100-kilowatt water boiler 
i C. Modification for %&watt 

type reactor. 

operation. 

Relocation and modification 
for 100-watt operation. 

-. mlleee. Rsl- I lO-_kilowatt, .graphite re- 

Jan. 12,1956 

Sept. 8,1958 

Am.  18,1960 

Oct. 3,1960 

Feb. 20,1956 

July 21,1960 

Construction permit issued 
Jan. 22, 1957; license for 100 
kw. operation issued Oct. 10, 
1958; amended for 5,000 kw. 
operation June 1, 1959; 
amended to  authorize Colum- 
bia Unir. to operate the re- 
actor Oct. 24, 1960. 

Construction permit issued 
Oct. 12, 1959; license issued 
Oct. 16, 1959. 

Construction permit issued 
June 13, 1960; license issued 
July 22,1960, expired Sept. 1, 
1960.d 

Pending. 

Construction permit issued 
May 7, 1956; license issued 
June 9, 1958. 

A-ov. 8,1960. 
Construction permit issued 

Jan. 24,1957 Construction permit issued 
Aug. 2, 1957; license issued 
Aug. 5, 1957.~ 

Jan. 20,1958 Construction permit issued 
hlay 17, 1958: license issued 
Map 17, 1958. 

Junc 1,1955 License issued Oct. 1, 1955. 

Dcc. 

Nov. 

July 

Apr. 

NOT. 

13,1956 

19,1958 

21,1958 

7,1958 

2,1959 

Construction permit issued 
hlar. 6,1957; amended license 
for 500-watt operation issued 
hlay 1, 195i. 

Construction permit issued 
hlar. 18, 1959; amended li- 
cense for 100-watt operation 
issued July 13, 1959. 

Construction permit issued 
Nov. 26, 1958; license issued 
March 16,1960. 

Constru_ction permit issued 
Oct. I ,  1958; license issued 
OCt. 22, 1958. 

Construction permit Feb. 3, 
1960. 

Mar. 20,1957 

Jan. 15,1957 Construction permit issued 
Oct. 2. 1957; license issued 

License issued Aug. 26, 1957. 

June 14,1960. 
May 5,1958 License issued Nov. 13, 1958. 

L., I- .'I, -.-"-."~V..V""u, 

water moderated. 
elopment bwatt  heavy water moder- 
nm, Pawl- ated and reflcctcd reactor. 

Univ., AON-201 1Wmilliwatt re- 

,1956 construction 

Unf- Curtis-Wright 4,000-ldo- 
Pa. watt pool-type reactor. 

z4m~r im for exhibition purposes. 
rlcan hviation, Inc., and license w s  terminated 

pht Corporation) is a gift 
llwme for possession only 

May 9,1955 

Oct. 4,1960 

Aug. 4,1958 

June 15,195Y 

License issued July 8, 1955; 
amended for 200-kw-operation 
May 13,1960. 

Pending. f 

License issued Jan. 8,  1959. 

Construction permit Nov. 20, 
1959; license issued Dec. 4, 
1959. 



Texas A&M College Sys- 
tem, College Station, 
Tex. 

Do .________________--  -- 

Texas Technological Col- 

The Prosperity Co.. Inc., 
lege, Lubbock, Tex. 

Coral Qables, Fla. 

Union Carbide Cow., 
Sterling Forest Orange 
County, N.Y. 

U.S. Air Force Dawson- 
ville, Oa. 

U.S. Naval Hospital, Be- 
thesda, Md. 

U.S. Naval Postgraduate 
School, Montemy, Callf. 

U.S. Naval Research Lab- 
oratory, Washington, 
D.C. 

Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --- 
Unversity of Akron, Akron, 

University of Arizona, Tuc. 

Ohio. 

son, Ariz. 

University of Buffalo, Buf- 

University of Cxlifornia, 
falo, N.Y. 

Los Angeles, Calif. 

University of California 
Berkeley, Calif. 

University of Delaware 

University of Florida, 
Newark, Delaware. 

Qainesville, Fla. 

University of Illinois, UI 
bans, Ill. 

University of Kansa! 
Lawrence, Kans. 

University of Maine, Oronc 
Maine. 

University of Marylanc 
Collegc Park, Md. 

Universitv of Michigal 
Ann Arbor, Mlch. 

University of blissoul 
Rolla, Mo. 

5 0  

AQN-201 100-milliwatt re- 
actor, serial 106 (pur- 
chased from AGN). 

100-kilowatt pool-tme, 
light water moderated and 
cooled reactor. 

IO-kilowatt pool-type, mater 
moderated and cooled re- 
actor. 

Pool-type reactor ___-___--- - 

5,000-kilowatt pool-type re. 
actor. 

IGMegawatt Radiation Ef. 
fects Reactor. 

AO?i-201M bwatt reactor 
serial 105 (purchased from 
AQX).  

AQX-201 100-milliwatt re 
actor, serial 100 @urchm( 
from AOW). 

100-kilowatt p l - t y p e  re 
actor. 

Modification *for !,OOO-kilo 
watt operation wlth force( 
convection cooling. 

.Q?;-201 1Wmilliwatt re 
actor, serial 104 (pur 
chased from AQh‘). 

0-kilowatt tank-type re 
actor (General Atomi 
TRIPA). 

,w-klowat t  pool-type re 
actor. 

>kilowatt water boiler typ 
reactor. 

&kilowatt Argonaut-tYP 
reactor. 

\QX-201 100-milliw-att n 
actor, serial 112 (PU 
chased from AQN). 

hQN-201 100-milliwatt n 
actor, senalll3. 

LO-kilowatt Argonaut-tYI 
reactor. 

100-kilowatt tank-type r 
actor (General Atom 
TRIQA Mark ZD. 

10-kilowatt tank-tyPC, lig’ 
water moderated and cooll 
reactor. 

AQN-201 1Wmilliwatt I 
actor, serial 132 (to be pL 
chased from AQN). 

10-kilowatt pool-type, lig 
water moderated, graph 
reflected reactor. 

1,oW-kilowatt pool-type : 
actor. 

lckilowat t pool-type, lie 
water moderated react 

Jlar. 35.1957 

Mar. 17,1959 

Feb. 1,1960 

lar. 6,1956 

eb. 15,1957 

et. 17,1960 

far. 27.1957 

rev. 28,1958 

Lpr. 5,195: 

uly 2,195s 

Lpr. 5,195; 

uly 16,1961 

vfar. 11,195 

une 2,195, 
(date of ap 
plication) 

ru1y 2,195 

kug, 26,195 

Mar. 21,lX 

Aug. 23,195i 

Kov. 16,195! 

Aug. 24,195‘ 

Sept. 16,195; 

Apr. 11,196 

Jan. 12,195 

Jan. 29,lQE 

_- -  

icense issued AB. s- 
h i  *- 

Polytechnic In- 

. &  

1c 

A 

I-; 

f C License issued JuB I s 



LICENSE6 AND ACCESS PE,RMITS 41 1 
-Continurd 

-- 

-- 
STATUS 

'icense issued A~, , ,  'r 
-1. \I. 

k A ~ ~ ~ I T Y  LICENSE APPLICATIONS-Continued 
* -  

,<LSATIoN DESCRIPTION OF FACILITY STATUS 

R E  SEARCH R E  ACTORS-Continued 

&ASTFAfltrTy 
of 

I I 
Application withdrawn by let- 

License issued Dec. 29,191is. 
ter Aug. 22,1958. 

bwatt laboratory reactor 
(A tomim International,) 

AGS-211 15-w7att, pool-type 
reactor, serial 102 (pur- 
chased from A Q S ) .  

ICbk-ilon-att heavy water mod- 
erated reactor. 

AGh--201 100-milliwatt re- 
actor, serial 107 (purchased 
from AQh'). 

1,000-kilowatt pool-type re- 
actor. 

Aug. 30,195; 

July 25,195E 

Sept. 5,1958 

June 24,1957 

Mar. 29,1957 

Application withdrawn by let- 

License issued Sept. 12,1957. 
ter May 2, 1960. 

Construction permit issued 
Sept. ̂ . 13, - - - -  1957; license issued 

Pendings 

AGX-201 100-milliwatt re- 
actor, serial 111. 

Wwatt laboratory reactor 
(Atomics International 
Model L-77). 

AOG201 100-milliwatt re- 
actor, serial 116. 

10-kilowatt tank-type rea* 
tor. 

Aug. 

Nov. 

Jan. 

Apr. 

21,1957 

14,1958 

30,1958 

10,1959 

Construction ~~i~ 

Construction wmik 
APr. 29, 1955; \iwnq 2 

* Sept. 14.19%. 

Nor. 20, 1959. 
10-kilowatt Argonaut-type 

reactor (AR&SSC Model 

50-kilowatt homogeneous so- 
lution-type reactor (Atom- 
ics International Model 
6 5 4 ) .  

100-kilowatt pool-type reac- 
tor. 

UTR-IO). 

Feb. 9,1959 

May 20,1959 

License issued Gept. 5. 

Construction permit y- 
1958; license &sued l% 
1958. 

Construction permkt 
1959. 

Application withdmm t, 
ter June 11,1958. 

June 22,1956 Construction permit issued 
July 8, 1959. 

University AQN-21175-watt, pool-type Mar. 30,1959 
, W. Va. I reactor, srid 103. 

Construction permit issued 
June 19, 1959; license issued 
July 28, J959. 

Construction permit issued 
NOV. 23, 1959; license issued 
Dec. 16, 1959. 

construction permit 
XOV. 16, 1959; IIWPS e 
oct.  3,1960, for W . - W I ~  
tion. 

License issued SOT 1% a 
May 1,1959 polytechnic In- 1-kilowatt pool-type reactor. 

orwter, Mass. 

1 License issued July 9, CRITICAL E X P E R I M E N T  FACILITIES 

Various critical experiments 

Northern States Power Co. 
critical experiments. 

Consolidated Edison Co. 
critical experiments and 
NMSR critical experi- 
ments. 

Oct. 13,1958 

June 16.1958 

License issued March 25,1959.h 

Construction permit issued 
Nov. 13, 1958; license issued 
Nov. 3, 1959. 

Construction permit issued 
Dec. 9, 1955; license issued 
Mar. 20, 1957; amended to 
authorize additional experi- 
ments Jan. 24,1958, May 28, 
1958. Apr. 16, 1959, Oct. 12, 
1959, Dec. 29, 1959, Oct. 25, 
1960 and. Nov. 28,1960. 

Construction permit issued 
Oct. 2, 1957; license issued 
Jan. 22, 1958; amended to 
authorize additional experi- 
ments May 7,1959 and June 
25, 1959. 

Construction permit issued 
Sept. 24, 1958; license issued 
Sept. 24, 1958. 

OCt. 27.1955 

Critical experiments for 
Nuclear Merchant Ship 
Reactor (NMSR). 

Feb. 1,1957 

Critical experiments for 
Liquid Metal Fuel Re- 
actor Experiment (LM- 
FRE). ---------_-------___---------- 

May 20.1958 

Oct. 28,1955 Construction permit h u e d  
Dec. 28, 1955; license (to 
possess only) issued Jan. IS, 
1958. - 

cted in 1956 under contract with and for the account of the Atomic Energy Commission 
nduct of private work. 
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General I)rnamics Carp., 
San Dipen, Calif. 

General Electric Co., Aln- 
meda Coiinty, Calif. 

Lockheed Aircraft Corp., 

Tmkheed Aircraft Corp., 

The Martin Co., Middle 

Palo Alto, Calif. 

Dawsonville. Ga. 

River. Md. 

National Aeronautics and 
Space Administ rat ion, 
Cleveland, Ohio. 

North American Aviation, 
II lC.  

Nuclear Development 
Corp. of America, Paw 
ling, N.Y. 

U.S. Air Force, Dawson- 
ville. Gs. 

Westinghouse Electric 
Corp., Waltz Mill, Pa. 

0 
2 Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0 
0 

lritical esperiments for 
General Dynamics rv- 
SP;I rch r p a d  o n .  

? . .  dritical esperiments for 
Commonwealth Edisori 
reactor. 

Yuclear checkout tests for 
Spanish Resenrch Reactor. 

Various critical experiments 

Martin Power Reactor 
(MPR) and Engineering 
Research and Develop- 
ment Lab. (ERDL) trit- 
ical esperiments. 

Liquid Fluidized Bed Re- 
actor (LFBR) criticnl 
experiments. 

Series of critical experiments. 

Critical experiments relating 
t,o Advanced Epithermal 
Thorium Reactor (AETR) 
program. 

CRX Facility-Yankee crit 
ical experiments. 

Belgian Reactor-3 (BR-3)-- 
Two-region critical esperi- 

ments. 
Reactor Fuel Measurement 

Facility (RFMF)  erperi- 
ments. 

Loose Lattice critical experi. 
ments. 

C E S Facilit Y-R-esting- 
iiouse Test Reactor critica 
e rperiments. 

LRX Facility-Carolinas 
Wrginia Tube Reactor 
critical experiments. 

'une 14,1957 

.une 20.1956 

let. 3,1960 

k t  . ?G. 1956 

.an. 4.1964 

'ulp E, 1957 

Aug. 20,195s 

Mar. 14,195t 

Oct. 17,196( 

Sept. 21,193 

Sept. 8,193 
Sov. 13,193 

Apr. 30,195! 

May 25,195: 

Oct. 24,1957 

Dec. 23,195( 

Construction pm: 
June 11, 19k. i;iim 
possess only1 L S S :  ;= 
1958. 

Pendmg. k 

*. 0 Facility dismantled and license terminated Mar. 15 1860 at  licensee's request. 
Plans t O  Construct facility as originally designed &honed, per Lockheed letter dated FC",z ' see footnote 6. The same information applies to both the Radiation Effects Reyctor ad 

experiment facility. 

- 
I-war 

sea? 

icai 
SPi 

100-m 
act( 
to I 
aux 

LOO-rn 
actc 
typl 
GOT 
for c 
Fair 

00-mi 
acto 
to 
Fact 
vers:: 

coo 

to J 

search 
to  Ham 
-Master 
ilton, c 



Construction brrmi: 
Mar. 14. ix,; cErl**> 
30,1957) .i 

Pending. 

DESCBIPTIO?~ OF FACILITY 

157 Construction p~c.nn,: 

Jan. 5,195~. 
3-59 Construction rmntl 

Dec. 24, 1 9 s ;  lm- 
Oct. 3, 1960. 

Jan. 22, 1Y.‘lb, Ita- 

DATE FILED STATUS 

956 Construction ~ m : !  a 
June 11, 15.Sp. ir-- 
possess on11 I  urd 2- 
1958. 

960 Pending. k 

I 
r - s t i o n ,  I Gas CentrlfUW Plant - .---..I Mar. ?9,19Fo 

, i ~ d .  g,i0p- I Alultl-St~ge Rm centrifuw July 14.1959 
jldr pttsburg, productlon facility for tlie 

separation of isotopes of 
uramuni. 

fp 

c - - - 
- - LICESSEIS A?SD ACCESS PEsRMITS 

Pending-Application plete. incom- 

Pendinp--Appiication incorn- 
plete. 1 
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1-watt pool-type, light water 
cooled and moderated re- 
search reactor for export 
to Tecnicas Hispano Amei 
icanas S.A., Madrid, 
Spain. 

1m-milliwatt AGN-201 re- 
actor, serial 110, for export 
to Laboratoires R. Derve- 
aux, Boulogne, France. 

100-milliwatt AGN-201 re- 
actor or AGN-211 pool- 
type reactor for export to 
Government of Belgium 
for exhibit at 1958 World’s 
Fair, Brussels, Belgium. 

100-milliwatt AG?G201 re- 
actor, serial 110, for export 
to Instituto di Fisica, 
Facolta D’Ingegneria, Uni 
versity of Palermo, Pa- 
lermo, Sicily. 

100-milliwatt AGN-201 re- 
actor, serial 111. for export 
to  Universite de Geneve, 
Geneva, Sis3tzerland. 

%watt AGN-201P reactor, 
serial 121, for export to 
University of Zurich, 
Zurich, Switzerland. 

5,000-kilowatt tank-type 
heavy water moderated 
and cooled research reac- 
tor for export to Comitoto 
Sazionalc per le Ricerehe 
h’ucleari, Milan, Italy. 

20,000-kiIowatt tank-typc 
materials testing reactor 
for export to Reactor Cen- 
trum Kederland, Pettin, 
The Xetherlands. 

30,000-kilowatt tank-type 
materials testing reactor 
for export to Aktiebolaget 
Atornenergi of Sweden, 
Tystberga, Sweden. 

13,000-kilowatt pressurized 
light water power reactor 
for  expor t  t o  Cen t re  
d’Etudes de 1’Energie Xu- 
cleaire, Brussels, Belgium. 

LO-kilowatt light water mod- 
erated research reactor for 
export to  Ministry of Edu- 
cation, Kingdom of the 
Xetberlands, -4msterdan1, 
The Setherlands. 

i,000-kilowat t pool-type re- 
search reactor for export 
to Laboratorium fur Tech- 
nische Phssik der Tech- 
nischen H o c h s c h u l e ,  
Munich, Germany. 

,000-kilowatt pool-type re- 
search reactor for export 
to Hamilton College, Mc- 
Master University, Ham- 
ilton, Canada. 

Fcb. 4,19S 

July 9,1957 

Dcc. 9,1957 

Apr. 21,1958 

Apr. 24,1958 

Oct. 16,1858 

Dec. 12.1956 

,4pr. 23,1957 

June 18,1957 

July 8,1958 

Sept. 27,1956 

July 2,1956 

May 11,1957 

Application wit lidraivn. 

Application withdrawu. 

-4pylication withdrawn. 

Licensc issued Jan. 7. 1959. 

Application withdrawn. 

Application withdrawn. 

License issued May 16, 1957. 

License issued Jan. 17, 1958. 

License issued May 14,1958. 

License issued Nov. 6,1958. 

License issued Feb. 1, 1957. 

License issued Mar. 15, 1957. 

License issued Aug. 27, 1957. 
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American Machine 6 
Foundry Co., New Yak 
N. Y.-Continoed 

Do-- _ _ _  ._ - _ _ _  _ _ _ _ _  _ _ _ _  - 

American Radiator & 
S t a n d a r d  S a n i t a r y  
Oorp., Mountain View, 
Calif. 

The Babcock & Wilcox 
Co., NewYork, N.Y. 

Curtiss-Wright Carp., 
New York, N.Y. 

Foster-Wheeler Corp. 
New York, N.Y. 

General Dynamics COW. 
San Diego, CaIIf. 

5 0 0 1 C 0 2  

mkilowatt  pool-tSpe re- 
search reactor for export 
to Junta de Energfa Nu- 
clear, Lisbon, Portugal. 
WBIlowatt pool-type re- 
search reactor for export 
to  Greek Atomic Energy 
Cornmission, Athens,  
Greece. 
000-kilowatt pool-type re- 
search reactor for export 
to Societa Ricerche Jmpi- 
an t i  h-ucleari, Milan, 

begdorf, Austria. 
,000-kllowatt pool - tm re- 
search reactor for export 
University of Teheran, 
Teheran, Iran. 

,000-kilowatt pool-type re- 
search reactor for export 
to Turkish Atomic En- 
ergy Commission, Lstan- 
byl, Turkey. 

0-kflowatt Model UTR-10 
research reactor for export 
to Australian Atomic En- 
ergy Research Establish- 
ment, Lucas Heights, 
New South Wales, AUS- 
tralla. 

1.1 watt water-moderated, 
graphite-reflected research 
reactor for export to  Kiinki 
University, Fuse, Osaka, 
Japan. 

j,ooo4iilowatt pool-type re- 
search reactor for export 
to Conselho Nacional de 
Pesqnlses do Brasil, for 
Comissao de Enerpia 
Atomics, Sa0 P a d o ,  
Brazil. 

5,080-kilowatt pool-tppe re- 
search reactor for export 
to Society for the Utiliza- 
tion of Nuclear Energy in 
Shipbuilding & Naviga- 
tion, Inc., Hamburg, Ger- 
many. 

l,[nlO-kilowatt pool-type re- 
search reactor for export to 
T h a i  Atomic  E n e r g y  
Commission for Pe~ce, 
Bangkok, Thailand. 

5,0(K)-kilowatt tank-tme r e  
search reactor for export ta  
Danish Atomic Energy 
Commission, Christians 
borp, Copenhagen, Den. 
mark. 

1Oo-Irilowatt t ank - t se  re 
search reactor (TRIGA 
Mark In for export t c  
Comitato Nazionale per It 
Ricerche Nucleari, Rome 
Italy. 

July 22,1957 

May 7,1957 

July 3,1957 

pr. 11,1968 

me 18,1958 

.pr. 20,1959 

une 10,1959 

m e  6,lW 

)ct. 7,196( 

Ict. 6,193 

Feb. 1,195 

June 12,195 

Jan. 25,lSt 

Nov. 7,19! 

L 

C L  
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1,ooO 
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150,OO 
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50-kilc 
sear I 
Int'i 
port 
chst 
man 

MI0-m 

Int'l 
port 
E n e  
Chri 
hagel 

sear( 



1960 License issued Gept. I 
,1960 

i, 1956 

1,195; 

;2,19t 

7,1958 

ending. 

dcanse issued Jan. 1 
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TY LICENSE APPLICATIONS-Continued 
?4 DESCRIPTION OF FACILITY I DATE FILED I STATUS I 

EXPORT LICENSEB-Continued 

100-kilowatt tank-type re- 
search reactor (TRIGA 
Mark 11) for export to 
Government of the Re- 
public of Korea, Geoul, 

Brazil. 
Loo-kilowatt tank-type re- 

search reactor (TRIGA 
Mark 11) for export to Re- 
public of Austria, Federal 
Ministry of Education, 
Vienna, Austria. 

[@)-kilowatt tank-type re- 
search reactor (TRIGA 
Mark 11) for export to office of A t o e c  Energy 
of the Repubbc of Viet 
Nam, Dalat, Viet Nam. 

100-kilowatt tank-type re- 
search reactor (TRIQA 
Mark II) for export to 
Musashi College of Tech- 
nology, Tokyo, Japan. 

L00-kilowatt tank-type re- 
search reactor (TRIGA 
Mark TI) for export to 
Rikkgo Universi ty ,  
Tokyo, Japan. 

3,000-kilowatt pool-type re- 
search reactor for export 
to Junta de Energia Nu. 
clear, Madrid, Spain. 

3,000-kilowatt pool-type re- 
search reactor for export 
to Instituto Venezolano 
de Investigaciones Cien- 
tificas, Caracas, Vene. 
zuela. 

1,000-kilowatt pool-type re 
search reactor for export 
to National Tsing-Hua 
University, Taipei, Tai: 
wan, Republic of China. 

15,000-kilowatt (electrical) 
boiling water type poweI 
reactor for export to Allge. 
meine Elektricitata-Oesell 
schaft AQ, Fradffurt 
Germany. 

1,00U-kilowatt pool-type re  
search reactor for export tC 
the Philip ine Atomic 
Energy 8omrnisslon, 
Manila, Republic of tht 
Philippines. 

lW,OPI)-kilowatt (electrical: 
boilmg water type powei 
reactor for export to S o u  
eta Elettronuclewe Nazi 
onale (SENN), Rome 
Italy. 

50-lrilowatt solution-type re 
search reactor (Atomia 
Int’l. Model L-54) for ex 
port to Farbwerke Hoe 
chst AG, Frankfurt, Ger 
many. 

MX)-watt solution-type re 
search reactor (Atomic 
Int’L Model 6 5 5 )  for ex 
port to the Danish Atomi 
Energy Commission 
Christiansborg, Copen 
hagen, Denmark. 

Jar. 4,1959 

dar. 4,1959 

der. 4,1959 

une 16,1959 

Teb. 19,1960 

?eb. 19,1960 

May 22,1957 

3ct. 3;1957 

kpr. 4,1958 

rune 9,1959 

ruly 7,1959 

Apr. 6,1960 

Apr. 1,195i 

Jan. 17,195; 

dcense issued May 21,1959. 

dcense issued Aug. 3,1959. 

dcense issued Nov. 24,1959. 

License issued Oct. 20, 1959. 

License issued July 8, 1960. 

License issued July 8,1960. 

License issued July 29, 1957. 

License issued Jan. 16,1958. 

License issued June 5,1968. 

License issued Sept. 30, 1959. 

L i m e  issued Nov. 16, 1959. 

Pending. 

License issued June 11, 1957. 

License issued Apr. 4, 1957. 



416 

many. 
,0(~)-kilo\vatt pool-type re- 
search reactor for expr t  
to Centro ~ u t o n o m o  Mlh- 
tare Energia XuCleaM 
(C.A.M.E.S.), Accade- 
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o-kilo\vv;>tt solution-type re- 
search reactor (Atomics 
Int’l. Model L-54) for ex- 
port t? The Japan Atomic 
E n e r p  Rcsrarcli Insti- 
tute, Tokyo, Japm. 

10,0(K)-kilowatt tank-type re. 
selrrch reactor for export to  
The Japan Atomic Energy 
Research Institute, l‘OkY0 
Japan. 

%-kilowatt solution-ty@ re 
search reactor (Atomic: 
Int’l. hlodel L-54) for ex 
port to politecnico D 
hlilano, hlilan, Italy. 

kiter of Permitte, 
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APPENDIX 10 

l,strid x-rag Laboratories, Im., Los Angeles, Cal i f .  
jn 1959, an  intermediate decision was rendered by the Hear- 

on January 12, 1960, ordering that a byproduct material license 
Advance prorided that it furnish satisfactorr information as to 
of personnel organization, and specified procedures and forms. 

orided also that the license require Advance to submit on a monthly 
of jobs to be performed. In the absence of exceptions, 

Subsequently, a 
to Advance. with an expiration date of June 30, 1961. 

&#*- Id 
be&@ 

d * iner 

d a t e  decision became final on February 2, 1960. 

I‘irginia Nzcclaar Power Associates, Inc., Parr, S.C. 
E @la 
-& 

was held in Germantown, Md., on February 23 and 26, 1960, on 8 

5 5:; permit application filed by Carolinas Virginia. On April 12, 19f30, 
Oacer issued his Intermediate Decision approving issuance of a 

sa construction permit for the proposed nuclear steam generating plant 
Carolina. Since no exceptions were filed and the Commission did not 

i- of its own motion, the decision became fhal and the construction 

&e 

.Q 
~ lanaary 7, 1960, the Presiding Officer issued his Intermediate Decision 

naorized Atomics International Division, North American Aviation, Inc. 
d t b  construction of the reactor. In the absence of any exceptions 
the decision became final on January 28, 1960 (the hearing in the 

4 ,%a 

issued on May 4,1960. 

,piqua, Piqua, Ohio. 

La 
ass held on h’ovember 20,1959). 

,,riaegarine DisposaZ Company, Low Beach, Calif. 
a proceeding to revoke the waste disposal license of Robert Boswell, 

The proceeding was 
order to show cause dated April 13, 1960. On April 29, 

Presiding Officer issued a n  order granting the request of the city of 
ch, Calif., in which Boswell’s facility is located, to intervene within 

rk of the issues specified for consideration by the Commission. 
investigation which revealed certain additional alleged violations, 

5, 1960, ordered that the license be suspended insofar 
thorized the receipt of byproduct, source or special nuclear material 

terial then in transit to the licensee. Under the order 
was required to cease and desist from any further disposal of 

taining specific written authorization from the Com- 
r except in the immediate presence and with the approval of a 

inspector. The hearing was held in Long Beach on May 9, 10 and 

&rs3, 1960, the licensee filed a motion to relieve him from the suspension 
b;F the order of May 5, 3960. This motion was oppmed by the etaff and 

v-ied bY an order of the Presiding Of3cer dated June 7, 1960. On June 
the licensee filed a motion to reopen the proceeding for the purpose 
proof as to the status of one of his customers with whom he alleged 

stwise Marine Disposal Company. 

419 
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that certain drums having excessive radiation lerels bad Origillatel. 
motion was opposed by the staff and was denied by an order of th Tk 
Officer dated July 19, 1960. Howerer, the Presiding Officer r e q u e s ~ p ~ ~ i ~ ~  
jnforniation concerning the relationship bet\\-een certain custonler P~~ 

a w  ** Commission. i_ 

clusions and brief. dnfl e;- 

6 
On August 1, 1960, the staff filed its proposed findlug, 

On August 5, 1960, the licensee filed a doculllent in support of its 
that  the proceeding should be reopened and requested that the licerL, cowep -_ ~ 

On August 30, 1960, the staff filed documents which Constitute the present d* 1% fi, 

of the contract between the Commission and the Regents of the filliret,; -* 

California and asked that the documents be made a part  of the record *;tr I 

Case. Subsequently, these documents were made a part  of the recor(1 in ~e s, s 

rluthorized to engage in  controlled and limited operations of 
until the final determination of this matter. On Aumst  24, 1960, the s ~ h h  
a memorandum in opposition to  the Licensee’s -%pplication of august ~ 

0. h 

On September 28, 1960, the Presiding Officer on the request of the lireo 
tended the time for the filing by the licensee Of its finding and coneiusi 
brief until October 10, 1060. 
ber 25, 1960. 
Decision which ordered tha t  the Coastline license be revoked and brmirp3 
and stated tha t  exceptions must be filed by January 6,1961. 

Commonwealth Ediam Co., Dresden, I l l .  

Time for the staff’s reply was extended 
On December 16, 1960, the Presiding Officer issued his 

On April 28, 1960, Commonwealth filed a report of test operations t t  

reactor as required by the Supplemental Intermediate Decision of xoremh 
1959, which authorized test operations a t  limited power lerels of up to 315 th 
megawatts (50% of design power). Following a hearing on the mat[@ 
May 4 and 6, 1960, at Germantown, Md., the Presiding Officer on Jlas le, 
issued his Second Supplemental Intermediate Decision authorizing om:, 
of the Commonwealth Edison reactor a t  power levels of up to 630 mn. ~ 

but not in excess of tha t  level or at steady s ta te  operations a t  that w w e r b  
On August 3, 1960, the licensee filed Report NO. 4, “Full Rated Power fs 
Operations of the Dresden Reactor,” in accordance with license D P B - ~  I 
amended, issued on June 2, 1960. 
held to consider the Report No. 4 and other relevant matters, includbgr 
question whether the Commission should consent to a lien on the wtoler3 
facilities at the Dresden Nuclear Power Station. On October 11, lW8 3 

Hearing Examiner issued a Third Supplemental Intermediate Decision, W ~ E  

authorized power operations at the Dresden plant to power levels up 
RIWT. This decision also gave the Commission’s consent to the at& 
of a lien on the facility. On October 14, 1960, the license was issued pm- 
to the decision, for  a full  term of years to 1996. 

By telegram dated November 16, 1960, Commonwealth reprted a ma- 
of the control rod drive mechanism. On November 17, 1960, the BEG S t & h  
with the Commission a “Motion to Extend Period for Commission Rerim* s . Z  
December 16, 1960, subject to  such further extension as may be necess? 
order to permit investigation and development of the facts disclod a 

Commonwealth telegram and permit determination of their relmmce t o  is?e 
of the operatiug license to Commonwealth Edison. By memorandum 
November 23, 1960, Commonwealth amplified their telegram Of sWentm * 
and on November 23d the staff filed a memorandum supporting their m@€@B 
extend the period for Commission review. 

J1 

* 

On September 26 and 27,1960, a hean& 

On November 23,1960, f0l*- 

5 0 0 1 0 0 8  
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ent, the Commission granted the AEC Staff's motion and order 

e period for Commission review to and until December 16,1960. 
ear that the investigation would extend beyond December 16, 
tag moved that the Commission further extend the review 

til  31, 1960. On December 14. 1960, the Commission granted 
e P -. &ion. 
: F .p  ,-rFf,ol,.Cf' GO., Big Rock Poitit, diich. 
-&-ai 19,1960, Sotice of Hearing vas issued on the construction permit 

l - e b r o ~ r ~  for a '75 megawatt (electrical) high power density, boiling water 
A*don - - md for construction by Consumers. On March 22, 1960, the State 

t3r ilropDepartnlent of Health filed with the Presiding Officer a Statement 
arding the proposed project. A Statement of Position and request 

was submitted on March 23,1960, by the Michigan Water 
Cornlnission. On March 24, 1960, the Attorney General of the State 

By telegram dated March 25, 
Officer notified the State of Michigan, by its Attorney Gen- 

6 &e petition for Intervention was granted, and that the State of 
s a k r  Resources Commission could enter a limited appearance; on w, 1960, the Presiding Officer issued his formal Order for  Intervention 

ited 

filed a Petition for Intervention. 

- :he 
test 

6 participation. The hearing in  the matter took place March 29, c ~ g i i a  Germantown, Md., at which time the limited appearance of the Michigan 
mpsrtment of Health mas permitted. On May 6, 1960, the Presiding 

e i34ued his Intermediate Decision authorizing issuance of a provisional 
e* L L  

?uf"oll permit for  a reactor with a n  initial capacity of 50,000 electrical 
ass$t' .. and an ultimate design capacity of 75,000 kilowatts (electrical). The 

final on &lay 28, 1960, and the construction permit was issued 

- cvtober l?, 1960, Consumers filed an application for  amendment to their 
et regarding the addition of technical specifications for reactor containment. 
M~ng on the proposed amendment was held on December 13, at which time 
a&rjng Examiner ordered that the applicant's motion for postponement of 

granted and that the hearing in the proceeding be convened at a 
8 , )  le specified in a subsequent order. 

e- 

d E k c t r i c  Co., Pleasanton, Calif .  
-,February 24, 1960, a Notice of Hearing on Application for Amendment to 
a t i o n  Facility License was issued. The hearing was commenced on April 5, 
s a d  on April 6, 1960, was recessed to reconvene on May 2,1960. At  the re- 

the licensee, the hearing was postponed until May 23,1960. On June  14, 
e Presiding Officer issued his Intermediate Decision, authorizing the 

a m  of the Yallecitos Boiling Water Reactor with certain internal modifica- 
aaith a new fuel arrangement including a new t-ype of control rod and 

rod activators and with both turbine-and-electrical-driven coolant cir- 
pumps. I n  the absence of exceptions, or Commission review on its own 

&the decision was to have become final on July 6,1960. On June  30, 1960, 
biz! Electric advised the Presiding Officer and the Commission that i t  would 
L"*Ptions to the Intermediate Decision in regard to the issue of the pro- 
bes to be followed by the licensee before making changes in the reactor 
1' Wml of operation. The licensee also requ'ested tha t  the license amend- 

':thor&ed in the Intermediate Decision be made effective immediately, or 
6,  1x0, notwithstanding the filing of exceptions. B y  order dated 

-*Wt the Commission designated July 6, 1960, as the effective date of 
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the Intermediate Decision and ordered that the amendment to th 
issued as of that date. On July 2, 1960, General Electric filed its 
the Presiding Officer's Intermediate Decision. On July 25, 1960, the shb 
a brief with respect to the exceptions. On July 30, 1960, the 1' Icensee 
reply brief. On August 18, 1960, the Commission issued a bkmorand 
Order which denied the licensee's exceptions to the Intermediate ~~~~~~2 
petition for reconsideration of the final decision stated in the c o m b v @ ~ ~  

staff filed a memorandum in answer to the licensee's petition for rpyonsidQ;+ 
By order issued September 37, 1960, the ChmmiSSiOn aneed to % onsid? ~ 

Memorandum and Order and set October 10,1960, as the date and place foFc 
arguments on the licensee's petition for  reconsideration. On October 

~ the Commission heard oral argument on the petition for reconsideratio; . 

in  by the licensee. On November 2, the Commission issued a Me morandb I 
Order which directed the issuance of a license amendment incorpo 
change procedure which had been jointly proposed by Commission staff ~ 

licensee. Under the amended license, the licensee has  freedom to make 
within the limits of the technical specifications, provided no unrepiewM 
question is involved. Any change involving unreviewed safety quatiom 
all changes in the technical specifications must be referred to the co 
The Director, Division of Licensing and Regulation, may authorize su 
if they present no significant new hazards considerations. Othemigp, 
to the Advisory Committee on Reactor Safeguards and scheduling or a 
hearing is required. 
Houston Gamma Ray Company, Houston, Ten. 

Houston Gamma Ray is the holder of a byproduct material license an- 
the use of byproduct material in radiography. The activities of the - 
bad been inspected on three previous occasions, after which alleged ~ o k b r  
the regulations and license conditions had been brought to the attention 
licensee by notices issued pursuant to  10 CFR 2. The fourth inspection &L 
company's activities was conducted in August and September, 1960, as! 
closed several alleged willful violations of the regulations and conditiim &a 
license. Accordingly, on September 19, 1960, AEC issued a n  order to abarrem 
why license should not be revoked at a hearing to  be held in Houston, Tar 
October 11,1960. 

The licensee requested that  the hearing date  be postponed. By an 
October 4, 1960, the Hearing Examiner scheduled the hearing for 
1960. 

e u,,, 
irk * 

x g  

respect to the change procedures, and ordered that certain modifications tr k-? 
to Amendment 14 to license DPR-1. On AuWst 20, 1960, the licensee < 
Memorandum and Order dated August 18, On September 7, %. 

October 7, the staff had filed a draft of a proposed license which was mb% f 

m% 

% 
-ks 

Ma 

On October 6, 1960, the lieenwe's answer to the order to &o* 
was filed. 

On October 20, 1960, a stipulation mas fileff by counsel for the AEC sd - 
for the licensee reciting tha t  the licen$e would be revoked, the a P D 1 i ~ ~ "  d 
license renewal denied, and  that a new application for a new lim 
be considered by the AEC after one year upon a showing that the -* 
provided adequate safeguards to prevent the occurrence of any dFJola~* e 

The Presiding Officer entered an order pursuant to the stipulation @fW!= m s  
1960, together with a memorandum specifying that the 6tiPdtim ~~ 

no way a limitation on the AEC in reviewing any applications filed bF the 
after one year. 

5 0 0 1 0  1 0  
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I Ifo3te Disposal Corpcwatami, Houston, Tex, 
was held on January 22 and 23,1959, the AEC E-- 
ntermediate Decision on May 29, 1959, and directed 

e applicant for the storage, transportation, and 
level, radioactive waste material in the Gulf of Mexico. 
the Intermediate Decision were filed by the intervenors, including 

ad been Permitted to  intervene on September 3, 1959. 
EC staff filed a copy of a letter from the Ambassador 

retary of State, dated December 16, 1959, by which 
its opposition to the disposal of radioactive wastes in the 

On January 15, 1960, the United States Department of the In- 
the Presiding Officer a copy of its negative reply to the Harris 
tion requesting intervention in the matter by the Department. 

en& on the part of all of the parties were heard by the Com- 
20, 1960, a t  the Commission’s headquarters in German- 

ssion issued its decision on June 22, 1960. The Commission found 
was entitled to receive a byproduct material license for the 

storage of packaged low level waste material. As to the disposal of 
the Commission remanded the case to the Hearing Examiner for 

proceedings to take testimony concerning the integrity of containers 
dismal in the Gulf of Mexico, and concerning such other material 
a e  Examiner might permit. 

is County, filed its petition for review of the cc)&ssion’a 
court of Appeals for the Fifth Circuit on August 19, 1960. The 

review contained an application for interlocutory stay of the Corn- 
order which W a s  opposed by the Commission, and by Industrial Waste 

by the Fifth Circuit on September 14, 1960. 
to the Court a certified list of material in the 

r n, 1960, and ~ ~ p o s e d  to the parties the filing of a 
ures and time schedule. On the Clerk’s request, the 

transmitted the entire cerMed record to the Court on November 2, 

s. Otherwise, 
scheduling of a 

;ivities of the cn- 
tch alleged uin l t i eere  
to  the attentlna d 

dgemont, 8. Dak. 
e license? requested a formal hearing with respect tu 

orember 2, 1959 order, citing the licensee for alleged failure to make 
to determine airborne radioactivity and external radiation levels, and 

the licensee to bring the mill operation into compliance with Corn- 

1s and conditioss 4 %%LE 

an. order to ahi-ja 
!Id in Houston, T a = e  

ations. A notice of hearing, issued November 30, 1959, provided 
The date of hearing was subsequently 

d the hearing was held on May 17, 18, and 19, 1960. A brief was 
0. The licensee submitted its brief on August 29, 

’s reply brief was filed on September 21,1960. On November 25, 
ing Officer issued an Intermediate Decision which ordered tbe 
ute a program to assure that adequate surveys are made and 
action taken. Exceptions were filed in December and briefs 

1960. 

Administration, Xandus k y, 0 hio. 
dated September 13, 1960, October 18, 1960, wa8 set as the hearing 

ansideration of issuance of an operating license for  the NASA 60 mega- 
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watt (thermal) test reactor located a t  the SASA pi 
Sandusky, Ohio. 

On October 4, 1960, the applicant filed ~ I I  answer to 

21ete construction by October 18, 1960. 
Examiner that  i t  had no objection for continuance of the 
October 18, 1960. The hearing m s  held on October 18, l%o, 
to reconvene on December 14, 1960. On October 1gth, the E~,,ll,ll,F.p 
order postponing the hearing to December 14,1960. 

On the later date, witnesses testified on behalf of the applipant 
Staff. The applicant indicated that since construction of the facility 
complete, only a provisional operating license authori 
and low power operation to 100 kilowatts (thermal) was being sou 
to Section 50.57 of the Commission’s regulations. 
Intermediate Decision after filing Of proposed findings 
par ties. 
N w t h m  States Power Co., Simz Falls, S. Dak.  

In accordance with the R’otice of Hearing issued January 7,1960, a bea6Q ~ 

held on February 15 and 16, 1960 to  consider issuance O f  a provisioml ~~~ 

tion permit to Korthern States. On April 21, 1960, the Presiding oaCwk 
his Intermediate Decision authorizing the issuance of 
permit for the 62 megawatt (electrical) “Pathfinder” reactox.. The hi%= 
came final and the construction permit was issued on May 12, ~ l t ~ i o .  

Suclenr Engineering Company, Inc., Pleasanton, Ca Eif. 

whether, in granting renewal of Nuclear Engineering’s 
should prohibit the licensee from continuing the loading of pa&a 
radioactive waste at Fulton’s Shipyard near Antioch, Calif., and 
another site be designated in  the license. 
have objected to the conduct of further operations by 
near Antioch. The decision of the Presiding Officer o 

Pacific Gas and Electric Company, Eureka, Calif. 

for the proposed nuclear reactor at the licensee’s Humboldt Ra;F P 
The hearing originally scheduled for  April 14,1960, m7a 
of the applicant t o  allow the applicant to conduct further tests re 
proposed reactor. An intermediate decision issued on October 17, 1 
final on November 8, 1960, and ordered that a construction permit su 
in the form attached thereto be issued. 
November 9,1960. 

Power Reactor DeveZopmmt Company, Lagoona Beach, Mioh. 

Regulations and Indemnification. 

Pzterto Rico Water Resources Autkoritu, Rincort, Puerto RiCO. 

Rico V a t e r  Resources Authority at a site near Rinc 
a t  San Juan, Puerto Rico on Spril 27, 1960. 
Officer issued his Intermediate Decision which aUth 

@n October Tth, the staff , 

M’a, 

The hearing was convened on December 14 and r 

The Examiner will 

8.9 stated in  its a 
nee of the hear 

. On July 20, l!  

r containing the 
order dated Jul) 

ding. This or 

A hearing was held in San Francisco on Kovember 16, 1 % ~  to ~ 

Officials of the State of 

9 hearing was held on August 24-26, 1960, t o  consider a constructioa as entered by the  
3uclea r Experinzel 

The construction permit t v s  L d  

A summary of the status of this case is set forth in the section 60 

A hearing on the construction of a reactor to  be constructed for 

On June 3, 1%% tttP 

0 7 0 1 2  



-d "' is the bolder of a license permitting the use of byproduct material in 
An inspection of the licensee's actirities in the United States 

se,--eral alleged violations Of the Commission's regulation and conditions 
,rise dealing primarily with the alleged failure of the licensee to provide 

4 and inspection of the employees using byproduct material. 
~~~~~~ the Commission issued a n  order to show cause dated June  21, 1960, &. m * '  
= that the licensw conduct no further radiography operations unless 

%*ere conducted by or under the supervision of individuals 
by the Commission, that 48-hour notice of the beginning 

pbF. 

liR 

4u #- as& ,Ireration in the United States be giren to the Commission, and the 

5h@F cause why these requirements should not be imposed. 
&- 

"s June 28, 1960, the licensee filed an answer. On Juls 6, 1960, the staff 
rn for a preheariw conference for the purpose of clarifying the licensee's 

as stated in its answer. Subsequently, by a letter dated JuIy 7, 1M0, a 
rice of the hearing was requested by counsel newly retained by the 

&. On July 20, 1x0, an aniendnient to  the answer was filed in \Thick1 
stated that it consents to the entry of an order by the Hearing 

*per containing the restrictions set forth in the order of June 21, 1960, 
pfn order dated July 2, I%%, the case was continued indefinitely. At the 
+s d the Presiding Officer the parties Prepared a final order dismissing 

ding. This order was submitted to the Presiding Officer \%-ith a 
on by the parties on October 5, 1960. A final order dated October 11, 

-* 

+ sgg entered by the Presiding Officer pursuant to the stipulation. 
k= Suclear Ezper inmta  1 Corporatio?b, Saxton, Pa. 
5 %  J ~ R I u ~ ~  21, 1960, the Presiding Officer issued his Intermediate Decision 

(A hearing had been held on 
k s k r  15. 19.59). The construction permit was issued on February 11, 1960. 

ng construction of Saxton Reactor. 
- - 
- 
3 aring was held in New Britain, Conn., on June 3, 1959, to consider the 
$ 4 ~  of a requested license amendment which would authorize the amlicant  - -  

ge and store byproduct and source material a t  a site in tha t  city. In 
**Aing the Mayor of the city of New Britain was permitted to intervene 
-22 of himself and the city. AIgert F. Politis was permitted to inter- 
=&half of himself and others. This hearing was recessed to reconvene 

e application. Subsequent postponements of the hearing were made 
st of the intervening objectors in order that  they might complete 

maration. The hearing was scheduled to reconrene on February 9, 

ection OIL Liwm* 

939, to permit i11tervenors to obtain expert testimony and assistance 
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1960, but was postponed at the request of staf€ because th 
informed of certain changes in the licensee’s organization. 
further postponed on the request of the interrening objectors. 

findings and conclusions by the parties, the Presiding Officer requ 
staff file a supplemental brief since the interrenor’s brief Covered 
not previously considered in the Staff’s brief. This 
by the staff on September 28, 1960. On October 18, 1960, th 
asked the intervening objectors if ther  desired to file a 
supplemental brief. A brief was filed by Rlr. Politis on 

reconvened on June 14, and 15, 1960. After the filing of 

Filings are now completed, and a decision by the Presiding OB 
X-Ray  Engineering Company,  l3urlinyam.e, Calif .  

A hearing in  the matter had been held December 2-4, 1959, to 
Order to Show Cause and Order Suspending Licensed Operati Cowd5 i_ 

onst is?&& 

O its 8% 

X-Ray by the Commission on October 19, 1959. 
filed a motion with the Presiding Officer WqUeSting amendment t 
regarding the type of equipment used in  i t s  operations. 
objections to the licensee’s request. On February 19, 1960, the Presiding rr 
issued a n  Order Granting Request for Amendment Of License by 
of Equipment, and Denying Request for Amendment of Order mic., 
Certain Licensed Operations. 

On February 6, 1m 
’ ‘*& 

The AEC sw 

The Hearing Examiner delivered his intermediate decision on July Ib ? 

tha t  all violations alleged by the Staff Were Willful, and that the uceo% 
its letter of September 11, 1959, falsified i ts  report of compliance, 

The licensee filed exceptions to the intermediate decision and a 8uuME--2 

brief on August 28, 1960. The staff filed i ts  brief in opposition on sei”.& 
12, 1960. By stipulation it was agreed between staff and licensee &. I 
licensee should have until October 12, 1960, to file a reply brief. 

On November 18, 1960, the Commission sustained the Intermediate k -  
and directed that the company could file a new license application whi& 
receive timely consideration contingent upon a demonstration that a h  
provision for  the public health and safety will be provided and mainis:@, 
complete compliance with Commission regulations. The applicant w e  
stay of the order of revocation until such an application for license could bc ES 

The Commission denied the motion for stay. 

in which a revocation of license was ordered. With one exception, befa 1 ‘S 

Yankee Atomic Electric Company, Rowe, Mass. 
On March 3 and 4, 1%0, a hearing was held in Germantown, Md. E s 

application for removal of the provisional terms in the construction 
issued to Yankee in connection with the 110 megawatt (electrical) power 
under construction at Rowe, Massachusetts. On April 22, 1960, the PI-E=Es 
Officer issued his Intermediate Decision granting conditional a p p  - 
certain technical specifications regarding the reactor ; final approral f@ 

presentations of further eridence. The decision became final on M U  1;- 
On May 18, 1960, the Commission issued a n  Order, in response t@ t f ~  

cant’s motion, permitting the Presiding Officer to proride that a w  b t p  %s 
decision and order subsequently issued be made immediately effmjr’ 
hearing to consider issuance of the facility license was held on 31rc ‘I 

and 26, 1960. The hearing was successively adjourned to June 15, J 
July 8, 1960. On July 9, 1960, the Presiding Officer issued the Seton 

s o 0 7 0  14 
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nhich ordered issuance of a n  interim license authorizing opera- 
reactor at power le-rels not in  excess of 5 MITIT (thermal) solely 

On July 19, 1960, 
eOfficer issued the Third Intermediate Decision, which ordered 

license authorizing power operations to  392 megawatts (ther- 

of  initial fuel loading and low-power testing. 

,,lice 
* '  

I [ > \  1 4  A - 
;,91s 

~ .i 
$. :SI' 

- 
a further hearing to be held to  review operations a t  such 

E, 1960, Sankee filed an exception to the Third Intermediate Deci- 
to the requirement that all proposed changes in the technical 

be subject to  a Public hearing. On August 18, 1960, the Commis- 
he exception and remanded the matter to the Hearing Examiner 

~ proceedings and appropriate decision with respect to the scope of 
q1 specifications, and other relevant matters. On November 15,1960, 

motion asking that the hearing be reconvened to conform the 
of the License to the views expressed by the Commission in  the 

and Order dated h'orember 2 ,  1960, in  Docket KO. 50-113 (General 
llepitos Boiling Water Reactor). 9 hearing mas scheduled for  De- 
l ~ @ ,  convened on that date and recessed to December 13, 1960, when 
Ten&. Proposed findings and conclusions have been filed by Yankee 
, and a decision by the Hearing Examiner is pending. 

-- I , j d  to 4 license in the form specified was issued on July 29, 19GO. 

,r&IiJC' 
I a- tilcql 
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JIEhf ORAXDUM FOB THE PRESIDENT 

SUBJECT : Radiation Protection Guidance for Federal Agencies 
Pursuant to Executive Order 10831 and P.L. 86-373 the Federal fta 

(14- Council has made a study of the hazards and use of radiatiou. 

protection activities. -a 

% 

transmit our first report to you concerning our findings and our ITE her*; 

with respect to radiation matters, directly or indirectly aff‘ecting health, -% 

tions for the guidance of Federal agencies in the conduct of their r@oQb*; rariu. --- 
It is the statutory responsibility Of the COUnCil to “. . . advise theP,,i,t 

ing guidance for all Federal agencies in the formulation of radiation  star,^- i 
and in the establishment and execution of Programs of c~~~~~~~~ * 

9 )  E2 States . . . 
Fundamentally, setting basic radiation protection standards involves ~~~ 

judgment on the extent of the possible health hazard society is willing tt 

balancing between total health protection, which might rguire  forqoisr ; 
activities increasing exposure to radiation, and the vigorous promotion of ~ 

use of radiation and atomic energy in order to achieve Optimum benefih 
The Federal Radiation Council has reviewed available kno\ylwge 

~~ 

ation effects and consulted with scientists within and Outside the G~~~~~ 
Each member has also examined the guidance recommended in this mpmrmZz 
in light of his statutory responsibilities. Although the guidance does not ~~ 

all phases of radiation protection, such as  internal emitters, we find a: 
guidance which we recommend that YOU provide for the use of Federa] ap- 
gives appropriate consideration to the requirements of health proteuhr gg 

the beneficial uses of radiation and atomic energy. Our further &jikq& 
recommendations follow. 

Discussion 

allow as  much of the beneficial uses of ionizing radiation as possible 
assuring that man is not exposed to undue hazard. T o  get a true insigb 
the scope of the problem and the impact of the decisions involved, B 

of the benefits and the hazards is necessary. 

appreciate that man has existed throughout his history in a bath Of Dt 
radiation. 
a partial basis for understanding the effects of radiation on man and 
an indicator of the ranges of radiation exposures within Khich tbg 
population has developed and increased. 

!i%e Benefits of Ioitixing Radiation 

ralue in  the diagnosis and treatment of diseases. 

in order to realize the known benefits of radiation. It involve ineTihgr4 a> 

The fundamental problem in establishing radiation protection guide 2 - 

It is important in considering both the benefits and hazards of rarlia5ezi- 

This background radiation, which varies over the earth. P* 

Radiation properlr controlled is a boon to mankind. It has been diu@‘* 
I t  can PruTide s’’trm’ 
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“W 
ociety is willing to 
It involves inerihbig 

:ht require foregoing 
.igorOus promotion 
e optimum beneEk. 
.lable knowledge on rwG 
1 outside the Govern- 
iended in this rnernomd- 
le guidance does not 
emitters. we find that 
he use of Federal a g w  
: of health protection a88 

Our fur ther  findings 

on protection guides It e 
adiat ion as possibk %bs 

ecisions involred, 3 rcf)~ 
To get a t rue insigbt 

tnd hazards of radistim S 

s t o r y  in a bath of nN= 
es over the earth. p 
iation on man and sem@ 
c, lyithin which the h d  

5 0 0 1 0  11 

ter than any the world has yet had arailable. In  industry, it is used 
thickness, quantity or quality, to  discover hidden fla\\Ts, 

SO many research uses for ionizing 
been found that  scientists in many diverse fields now rank rndia- 

rfP9 
-.\ I. - 

= ,cvll t o  liql,id flow, and for other purposes. 
t’ 

:,tn I ,  tile 

- ,!,i:ords of 

, J,W 1 

in value as a working tool. 
, L  

isin,g Radia t ion  
’ adiation inrolres health hazards just  as do many other useful tools. 

~~ tindings concerning the biological effects of radiation of most immediate 
to  tile ,,tablishment of radiation Protection standards are the following : 

--9* ‘ , OSeS of rnciiation may produce iniriiediate or delayed effects, or both. 

,,ate body doses increase above approximately 25 rems (units 

dose, beginning from barely detectable changes, to biological signs 
+,arllF indicating damage, to death at levels of a few hundred rems. 
‘ ,.& effects produced either by acute irradiation or by chronic irradia- 

~ [da. - rioa ape similar in kind, but the ability of the body to repair radiation 
jtllnnge is usnally more effectire in the case of chronic than acute 
insdiation. 

delayed effects from radiation a re  in general indistinguishable from 
patholo€&d Conditions usually present in the population. 

RlrFd effects include genetic effects (effects transmitted to succeeding 
pcaerations), increased incidence of tumors, lifespan shortening, and 

fbechild, the infant, and the Unborn infant appear to be more sensitive to 

’iheynrious organs of the body differ in their sensitivity to radiation. 

I JG (11 pdiation dose), imnlediately obserrable effects increase in  severity 

L ne 

and development changes. 

rsdiation than the adult. 

~ hiirhough ionizing radiation can induce genetic and somatic effects (effects 
I,n &e individual during his lifetime other than genetic effects), the 
erjdence a t  the present time is insufficient to justify precise conclusions 

the nature of the dose-effect relationship at low doses and dose rates. 
Weover, the eridence is insufficient to prove either the hypothesis of 
a *’daIwe threshold” (a  point below which no damage orcurs) or the 
&pithesis of “no threshold” in man a t  lonr doses. 
one assumes a direct linear relation between biological effect and the 
amount of dose, it then beconies possible to  relate very low dose to a n  
wnmed bioWca1 effect even though it is not detectable. It is generally 
V I !  that the effect that  may actually occur will not exceed the amount 
predicted by this assumption. 

ODlObgical Assumptions 
*kt are insufficient data to provide a firm basis for evaluating radiation 
-for all types and levels of irradiation. There is particular uncertainty 
3-t to the biological effects at very low doses and low-dose rates. It is 
d e n t  therefore to assume tha t  there is a level of radiation exposure 

s r k h  there is absolute certainty that no effect may occur. This con- 
in addition to the adoption of the conservative hypothesis of a linear 

“skn-een biological effect and the amount of dose, determines our basic 
-43 to the formulation of radiation protection guides. ’ && Of adequate scientific information makes it urgent tha t  additional 
=w be undertaken and new da ta  developed to provide a firmer basis for 

biological risk. Appropriate member agencies of the Federal Radia- 
*-Wil are sponsoring and encouraging research in these areas. 

c 



TYPE OP EXPOSURE 

Radiation Worker: 
(a) Whole body, head and trunk, active 

blood forming organs, gonads, or lens 
of eye _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r . _ _ _ _ _ _ _ _ _ _ _ _ _ _  

(b) Skin of whole body and thyroid--..------ 

(c) Hands and forearms, feet and ankles----- 
(d) Bone ____________._______________________ 

(e) Other organs---- - -  - - - - -  - - -  - - -  - - -  - - - - - - -  - -  

(a) Individual _____-__________- - - -_______  - - - -  
(b) Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---- 

Population: 

The following points are made in relation to the Radiotion 1 -mended that: 
Guides herein provided : 

(1) For the individual in the population, the basic Guide fur Tfik term is debnec 
mt which is detel 
€a the Radiation Prot 

whole body dose is 0.5 rem. 
body doses are  known. As an operational technique, where 
whole body doses are not known, a suitable sample of the 
lation should be developed whose protection guide for annual wk& 
dose will be 0.17 rem per capita per year. It is emphasized that 
operational technique which should be modified to  meet s 

(2) Considerations of population genetics impose a per carkft 
itation for the gonads of 5 rems in 30 years. The operationd 
described above for the annual individual whole body do 
likely in the immediate future to assure that the gonadal 
( 5  rem in 30 years) is not exceeded. 

(3) These Guides do not differ substantially from certain 
mendations such a s  those made by the National Committee dc 
Protection and Measurements, the National Academy of Scie 
International Commission on Radiological Protection. 

This Guide applies when the 

ComInoN 

Accumulated dose- 

13 weeks- - _ _ _ _ _ _ _ _ _ _  
gE&S:::::::::::: (z&i;;r:::::::;::; ii: 
Body burden _ _ _ _ _ _ _ _  

ear ______.____.____ 15. e 13 weeks _ _ _ _ _ _ _ _ _ _ _ _  5. 

0.5 (whole bodpi. Year- _---_._________ 

30 year- - - - - - - _ _ _ _ _ _ _  5 (gonab). 

e m e n d e d  that: 

for organ doses 
v e n d a t i o n s  are 

, the complexitic 
all body organs 

them at this 

i 
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xram of radium 3 e 1 
cal equivalent. 

le body). 
.SI. 
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MEMORANDUM TO PRESIDENT FROM FRC 431 
term “maximum permissible dose” is used by the National Com- 

,#I? on 
a_i+ ,, diologicaI Protection (ICRP). However, this term is often misunder- 
: Ed The words “maximum” and “permissible” both have unfortunate 
> * A  

There can be no single permissible or acceptable level of exposure 
5’ It should be 

a& P out to fulfill the sense of these recommendations. It is basic @rried 
3 OSure to radiation should result from a real determination of its *: 
3.&fYe ’, There can be different Radiation Protection Guides with different 

fx 

‘@fleese Guides are not intended to apply to radiation exposure result- 
from natural background or the purposeful exposure of patients by 

fditioners of the healing arts. 
@” It is recognized that our present scientific knowledge does not provide 

~~ foundation within a factor of two or three for selection of any 

that the Radiation Protection Guides recommended in this paper 
below the level where biological damage has been observed in 

4’ The Radiation Protection (NCRP) and the International Commission 

not intended by either the KCRP or the ICRP. 
~ & , f f l  tms 

regard to the reason for  permitting the exposure. 
6; $d ractice to reduce exposure to radiation, and positive efforts should 

pvrical *F values, depending upon the circumstances. The Guides herein 
&d are appropriate for  normal peacetime operations. 

,;t !rh 

*I 

f @cdsr numerical value in preference to another value. It should be 

@@ 
d 

--?ent protection guides used by the agencies be continued on an interim 
sq for organ doses to the population. 
,mendations are not made concerning the Radiation Protection Guides 
&$dual organ doses to the Population, other than the gonads. Unfor- 

, the complexities of establishing guides applicable to radiation expo- 
~ body organs preclude the Council from making recommendations 

them at  this time. However, current protection guides US& by 
appear appropriate on an interim basis. 

w 

f 

Fqm 

-mended that : 
:em “Radioactivity Concentration Guide’’ be adopted for Federal use. 

term is defined as the concentration of radioactivity in the environ- 
s t  which is determined to result in whole body or organ doses equal 
&eRadiation Protection Guide, 

this dehition, Radioactivity Concentration Guides can be deter- 
ther the Radiation Protection Guides are decided upon. b y  given 

Concentration Guide is applicable only for the circumstances 
the use of its corresponding Radiation Protection Guide is 

ral agencies, as an  interim measure, use radioactivity concen- 
des which are consistent with the recommended Radiation Pro- 
Ides. Where no Radiation Protection Guides are provided, Fed- 

numerical recommendations for Radioactivity Concentration 
rorided at this time. However, concentration guides now used by 

appropriate on an interim basis. Where appropdate radio- 

agencies continue present practices. 



432 APPESDIS 1 1  

activity concentration guides are not arailable. and where Radiation 
Guides for specific organs are provided herein, the latter Guides 
t)y the Federal agencies a s  a starting point for the deriyation 
concentration guides applicable to  their particular prohlenls. 
Radiation Council has also initiated action directed towarcis th 
of additional Guides for radiation protection. 

rf4k ~ 

e.an tw. --e= 
of Pi(dilq, ,’- 

e de\r.lrs 
p. ~ +e- 

: ?+ 

I t  is recormnended that:  
7. The Federal agencies apply these Radiatiou Protection Guides lvitb j,,d 

and discretion, to assure that  reasonable probability is achieved 
attainment of the desired goal of protecting man from th 
effects of radiation. The Guides may be exceeded only a 
era1 agency having jurisdiction orer the matter has C‘(lt 

the reason for doing S O  in light of the reconlmendatiolls in this ~~~ 

The Radiation Protection Guides provide a general 
radiation protection requirements. It is expected that  each Federal -;E 

by virtue of its inmediate knowledge Of i ts  operating problems, \vi11 uu “s3& 
Guides as a basis upon which to develop detailed standards tailored I,, -3 

*- 

its particular requirements. The Council will follow the activities ~ ~ 

Federal agencies in this area and will promote the necessary coordina,*- 
achieve an  effective Federal Program. 

of Federal agencies in the conduct of their radiation protection 
i t  is further recommended that this mmorandum be Published in the F~~ 
Register. 

i 

If the foregoing recommendations are approved by YOU for the 

QBTHUR s. FLE3fMflSG 
Chairman, Federal Radiation ceres 

The recommendations numbered “1” through “7” Contained in the ~~ 

memorandum are  approved for  the guidance of Federal agencies, a 
memorandum shall be published in the Federal Register. 

DWIGHT D. EISEKHOW~ 
May it rz 



information a i m i t  facilities built, building, w 
s cls of December 1, lW, vi-hich are capable of stis- 

a,,(.lear cllnin reaction. Certain projects relating to military systems 
of their classified nature. 

five parts, each of which is categorized by primary 
The major parts-eirilian, military, production, and export, 

tegories a s  power, propulsion and process hea t-are self- 
ajor parts of the tabulation are : 

ikitical Assembly Facilities. 
cIspses of reactors within the several parts a re  defined as follows : 

research and development progranl, 
0 Mw ( t ) ,  designed for the limited purpose of test- 
reactor concept or some unique reactor feature or 

rela ticely complete reactor plant designed, engi- 
perated to provide the technical basis for the design 
mer  Plant. Design flexibility permits changes to 

different aspects Of reactor technology. Electrical or  power genera- 
3 ~ y  or may not be included as Part of the plant. (Part I, Section 2A.l)  
k.rdype Reactor Plant. A nuclear power plant of any size designed, con- 
ed and operated Principally for  the purpose of proving-out economical 
s~-hnical aspects of a future commercial nuclear power plant of the same 

Tbe generation of significant quantities of electricity, mechanical power, 
- ~ Y S  heat is usually a function of such a plant. Prototypes (40 to 50 

c i  and larger) for large central station plants a re  listed in Part I, Section 
tility stations (smaller than 40 Mw ( e )  ) are listed 

A nuclear facility constructed and operated 
a license issued under Section 103 of the Atomic Energy Act of 1954 and 

for the generation of electricity, propulsion, and 
Wprocess heat applications a t  costs as low as a nonnuclear plant built 

I rQdhtion Test Reactor. The general-test-reactor category includes 
reactors having (1) a thermal output of 10,OOo kw or more; (2) test 

ewrimental facilities within, or in close proximity to, the core; and 
Of nuclear radiation for testing the life or performance of reactor 

(Par t  I, Section 3A.1-2 and Part  Iv, See- 

IJR s. f i E l f M ~ 3 ~  

a1 Radiation c'orrmis 

er . 
' D. ~ I W S H O W ~  

at. 

*Smesite. (KO reactors presently in the category) 

"li 

tion. 

- 
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Other Test Reactors. A reactor which is in general 

test performance which has kinetic or short-duration high 
which is designed for special testing PurWses. 
11, Section 3 8 )  

as a research tool for basic or applied research regardless of 
level. 
3c, Part 11, Section 3B and Part IV, Section 2B) 

ing in  the operation and utilization of reactors and for 
theory and performance. Thermal power level is arbitrarily limited 
(Part I, Section 3D and Part IV, Section 2c) 

and designed to test at extremely low PoR'er (a  few watts) a cril 
neutron flux distribution, and other characteristics of flexib 
nuclear fuel, materials of construction, coolant, and other r 
Fluid critical facilities a re  used to explore the critical mas 
centrations of solutions in differing geometries. Metal critical as 
used to investigate the Variation in heterogeneous Cores. 

The abbreviated listings in the principal-contractor column refer 

(Part I, Se 

Research Reactor. Any reactor whose nuclear radiations are 

May include facilities for testing reactor materials, ( p  

Teaching Eeactor. Any reactor operated fo r  the Priruaw 

FOR WETIC 

CriticaZ FaciZity. A reactor capable of sustaining a nuclea 

_____------ Aero 

The ts 
these facilities in Part V excludes those that have been dismantled _-------I AICO 

cal organization assigned primary responsibility for design 
of the reactor system. The spelled-out forms for  these abbreviation 
those for  designers, shipbuilders, and facility operators, are giren in 
page 435. 

Startup dates refer to the year of first criticality. Estimated d a b  

dates for non-Commission projects are estimates announced by the 
organizations. 
Reactors are listed as being operable under the following circumstances: 

not yet in  service, based on the best available information, ---------- Ameri 
----*---- The B 

------- Blaw-1 
------_ Broou 

-------_ The B: 
------_ Cornbur 

-------_ 

1. Federal Government reactors-when criticality is achieved. 
2. Non-Federal Government reactors in the United States-when 

license is issued by the Commission. 
3. Reactors for foreign locations-when criticality is achiered. 

1. Federal Government reactors-when ground is broken, componm 

2. Non-Federal Gorernment reactors in  the United States-when a 

3. Reactors for foreign loca t ionnwhen a n  application for an 

Reactors are listed as being built under the following circumstances: 

or construction contract awarded, whichever is first. 

permit is issued by the Commission. 

is received by the Commission or when reliable inf 
relating to the fabrication of reactor components. 

Reactors are listed in the planned category under the follow& d 
1. Federal Government reactors-when publicly announced Or 

work is started. 
2. h'on-Federal Government reactors i n  the United Wate-mbm 

plication is received by the Commission, or a public ann''"' 
includes principal contractor and reactor type is made. 

5 @ 0 7 ? 2 2  
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Estimated dates for f+. 
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435 

~ - - - - - - -  American Radiator C% Standard Sanitary Corp. _______  The Bendix Corp. 
____-- Shipbuilding Division, Bethlehem Steel co. 
_-___ Blaw-Box Go. 

--------- Brookhaven National Laboratory, operated by Associated 
Universities, Inc. 



-- 
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Lockheed ________- 
Mare Island -______ 
Martin ___________  
Maxon _ _ _ _ _ _ _ _ _ _ _ _  
Met. Lab _________-  

NASA _ _ _ _ _ _ _ _ _ _ _ _  
NDA _ _ _ _ _ _ _ _ _ _ _ _ -  
Newport News----- 
NRL ____________- 
N Y S C  --____-_---- 
ORNL _ _ _ _ _ _ _ _ _ _ _ _  

APPENDIX 12 

General Nuclear Engineering Corp., 

H. K. Ferguson Co. 
Ingalls Shipbuilding Corp. 
Kaiser Engineers, a Division of HenrF J. E 
LOS Marnos Scientific Laboratory, operated 

versity of California. 
Lockheed Aircraft Corp. 
Mare Island Naval Shipyard. 
Martin Go. 
Maxon Construction Company, Inc. 
Metallurgical Laboratory Of the Manhattan E:ogi 

National Aeronautics and Space Administration, 
Kuclear Development Gorp. of America. 
Newport News Shipbuilding S; Dry Do& c,, 
Naval Research Laboratory. 
Kew Pork Shipbuilding Corp. 
Oak Ridge National Laboratory, 

Combustion Engineering, Inc. 

District. 

Carbide Nuclear Co., a Divisiuu of unitla 
Corp. 

Portsmouth Naval Shipyard. 
Phillips Petroleum Co. 
Pratt and Whitney Aircraft Division, cnited 

Sandia Laboratory, operated by Sandia 

Sargent and Lundy. 
University of California Lawrence Radiation 
Westinghouse Electric Co. 
Vitro Engineering Division, Vitro Corp. of ~ m ~ h  

c o w .  

sidiary of Western Electric Co. 
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APPENDIX 13 

AKD JOKE 30, 1960 

(Supplement to Tables 1, 2 and 3, Chapler Z> 

r, l .ILI?L~ POWER PROTOTYPES AND EXPERIMEXTS 

Iis-I ,E~ ACTIVE DESIGN OR COh'STRUCTIOpu' JUN-E 30, 1%9, 

1 CVTR (Carolinas-Virginia Tube Reactor). 
2 
3 

Florida West Coast h'uclear Group. 
Enrico Fermi-Power Reactor Development Co. 
Hallam-Consumers Public Power District of Kebraska. 
Pathfinder-Korthern States Power Co. 
City of Piqua. 
Elk River-Rural Cooperative Power L4.i,-;. +soriation. 
Yankee Atomic Electric Co. 
Humboldt Bay-Pacific Gas and Electric C!o. 
Dresden-Commonwealth Edison Co. 
Indian Point-Consolidated Edison Co. 

EGCR (Experimental Gas Cooled Reactor). 
Peach Bottom-Philadelphia Electric Co. 
TURRET. 
LAMPRE-I . 
EBWR Modifications. 
PWR Modifications. 
8sxton Nuclear Reactor Project. 
EOCR (Experimeutai Organic Cooled Reactor). 
BOXUS-Puerto Rico Water Resources Authority. 
Big Rock Point-Consumers Power Co. 
BORAX-5 (Modification of BORAX-4). 

CIVILIAN TESTING 

Plum Brook-Xational Aeronautics Space Agency. 
MrTR-RTestinghouse Testing Reactor. 
JANUS (Biological Research Reactor-Ah'L) . 
-4rgonne Fast Source Reactor (At KRTS). 
HMTCTR-Heavy Water Components Test Reactor. 
PRTR-Plutonium Recycle Test Reactor. 

CIVILIAN RESEARCH 

Brookhaven High Flus Beam Research Reactor. 
Juggernaut (Ah'L). Puerto Rico 'Nuclear I -  Center Research Reactor. 

461 
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Xumber of Projects for 
Quarter E n d e d  

6/30/69 6/30/60 
4 
5 
6 

- -  
- -  
7 
8 
9 

10 

11 
12 
13 
14 

- -  

-- 
-- 
15 
16 
17 
18 
19 
20 
31 
22 
33 

1 

34 I LITARY 

1 
2 
3 

4 

- -  
5 

- -  

1 
3 

- -  

Stanford University Research Reactor. 
Iowa State University Research Reactor, 
University of Missouri (School of Itlines). 
University of Buffalo. 
University of Illinois. 
High Flux Isotope Reactor (ORNL). 
University of ?+-isconsin. 
University of Maryland. 
GDC Flair Facility (TRIGA MARK Fj. 
Lockheed Kuclear Products Training Re:ir.tur. 
Ames Laboratory Research Reactor. 

MERCHANT SHIP PROPULSION 

K.S. Savannah. 

PROTOTYPES, EXPERIMENTS, & FIELD PI AS^ 

Destroyer Reactor Prototype (DIG). 
Mobile Low Power Plant (ML-1) (KRTS). 

-~ 
~ - 

APPESDIX 13 

CIVILI.4IV RESEAI~CH--Coiitinued 

Texas -4 & hll Research React,or. 
4 hiatc.1 Ohio State University Research Reactor. 
5 Ordnn University of Virginia Research Reactor. 

n’orcester POlyteChniC Institute Research Ke;i, 6 SPRF Korth Carolina State college Research It*.aclQ;Q- 
University of California a t  Los Angeles. - 
University of Kansas Research Reactor. 
University of ?17ashington Research R ~ ~ ~ ~ ~ ~ .  

Virginia Polytechnic Institute Reactor. 
Washington State university Researcll R ~ ~ ~ ~ ~ ~ ,  
Georgia Tech Research Reactor. 
Union Carbide Research Reactor ( 
Cornel1 TRIGA Reactor. 

Walter Reed Medical Center. 1 NPR- 

Portable Medium Power Plant (PM-1) i 

Portable Medium Power Plant (Phl-2.4) ( C k g  

Small Submarine Reactor Prototype (SlC). 
Stationary Medium Power Plant (SM-lA) FW= 

Gas Cooled Reactor Experiment (GCRE!. 

Wyoming). 

tury, Greenland). 

Alaska). 

MILITARY TESTING 

Kuclear Test Plant (Army-NRTS). 
SERF-Sandia Engineering Reactor FaeiIirP 

TSR-3-Tower Shieldiiig Reactor y o -  ’ ‘’ D MA). 

Ridge) 
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MILJTARY TEsTrsG-Continued 

3 SETR-Kuclear Engineering Test Reactor (f'S-4F- 

eactor. 4 Materials Research Reactor (US.4-Watertow-n Arsenal). 
-eactor. 5 Ordnance Pulsed Experimental Research Assembly (US.4). 

Da-vton, Ohio). 

SPRF-Sandia Pulsed Reactor Facility (AEC). 

hf ATEFUALS PRODUCTION 

1 NPR-Xew Production Reactor (Hanford). 

S L ) .  

ARK F). 
ining Reartor. 
ctor. 

FIELD PLAXTS 

I lG) .  
1)  (KRTS). 
\ant (Phi-1'1 ~SS&SES 

t (GCRE!. 



STATI: 

cumu- 
lative 

numbers 
COuntrleS 

JS OF 

AkT 
me: 

ae- 
nts 

i I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
1< 
1. 
1, 
1( 
1: 
18 
1s 
x 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 .  

2. 

3 Cl. 

SPECIAL AGREEnfENTS - 
European A4tornic Energy Joint Nuclear I'oIver Pro- F& 5 

llomic Energy Additional Agreement _ _ _ -  - - - Jitk Zk 
Community (EURA4TOh'l). gram. __ 

munitjy (EURATO A l l .  
Europea 

Coni 
Tnterna 

Agent, 
464 

.n 

ttional Atomic Energy Siipply of Xlaterials, etc-__ , -  A g e  SG tf 

^P f T A n * '  
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APPEhTDIX 18 

OF THE GOVERXMEXT PROT’IDIPI’G PRODUCTS OR 

MENTAL Ut3E 

Chamber of Commerce of the United States 
Committee on Commercial Uses of Atomic Energy 
Attention : Jack H. Abernathy, Chairman 

National Association of Manufacturers 
Nuclear Energy Committee 
Attention : J. F. Fairman, Chairman 

Manufacturing Chemists’ Association, Inc. 
Attention : R. C. Johnson 

Gentlemen : 

Your letters which submitted examples Of Comlnission activities ~ 

believe may constitute competition with industry within th 
Bulletin 60-2 cover to a great extent the same activities. 
single reply seems appropriate. 

For t b  

In  carrying out its statutory responsibility to encourage widearad 
atomic energy in such a manner as to strengthen free c 
enterprise, the Commission has maintained a firm policy to procun 
services from private industry wherever practical. From inception services from 
mission has turned to private industry to construct for the 
major facilities required for the production Of fissionable rnateri 
the comprehensive research and development program 
Atomic Energy Act. Government ownership of such faci 
essential, since no reasonable way could be found to provi 
for private ownership of such specialized and costly facilities. 

tional economy and  to take advantage of “knowhow” and proven 
experience, . the Commission engaged industrial co 
institutions to operate and manage these facilities. 

Further, as a means of utilizing and expanding the skills of them necessary to 

The continued use of existing Government facilities is clearly n 
public interest for the production of fissionable materials, the 
weapons, and the conduct of most advanced research and develo 
facilities and skills of private industry a re  and will be employed 
adequate to carry out specific actirities in the military an  
of atomic energy a t  the rate required to attain our national 0 

should be emphasized, however, tha t  the Commission m 
continuing a specific activity to assure that  related activities Whi& it 

integrated do not unduly suffer in development, cost or efficiencY bF 
the divorcement. 
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indetry, the tempo of technological derelopluents in many in- 

pc?t ~t establishing precise specifications or assure a rolume of 
Bea%ary to attract the investment of private capital in the 

fa8cilities. equipmat, and personnel required. Consequent&, there 
ssicxn’s work where it is premature to expect 
from private industry on a competitive basris. 

7e have a responsibility to aroid the concentration of services ; soure of suppls, particularly under circumstances where such 
lllYbt constitute a preemption of the market which would dis- 

~ fiat as the atomic energy industry grows there will b areas 
opfiate for transfer from Government to private operation. 
cts and services formerly provided exclusively in Government 

ed commercially, major examples being fabricated 
irconium products, uranium hexafluoride, and 

many non-production reactors. It is Commission policy to con- 
the performance of Title I and Title I1 engineering of 

non-nuclear portions of the plant unless the nature of the work 
nces clearIy dictate otherwise. Also, it is Commission policy, 

e Commission will cease to provide any service or 
ver such service or product can be provided under 

rticipation in the uses of atomic energy. 

perms by private industry. 

letters are concerned, in large measure, with 
ction or research and development complex. 

e been carefully studied over a period of years for 
of separate contracting. A major reason for contracting with in- 

ms mas to have our facilities operated in accordance with sound 
business practices. Such business practices include procuring 

from specialized concerns wherever such concerns can satis- 
sh the Product rwuirecl and when to do so is sensible, economicd. 
with the efficiency of integrated operations. 

actices applied is contained in the following state- 
of one of our major industrial contractors : 
ination of the method by which these services will be performed 

in accordance with normal private industrial criteria, modMed to the 
m m r y  to comply with existing AEC directives and applicable 

criteria include, but are not necessarily limited to, the fonowing: 

,vities. For 

free competition 

ct for  the Go 
jsionable mate 

:h facilities was 

; the skills Of 

show7’ and prc3ms 
companies m a  

and by whom can the senice be perf0-d at 

P to  the H a n U f a C t U r h q J  PrOCeS8: How dependent is the process 
Would an  interruption in the service 

er&al 8 O U r C e S :  Is the service avaifable corn- 
at a competitive price? Is there sufficient productive capacity 

0 assure delivery of need& quantities? IS the 
Pfical location Of the source or sources an advantage or dis- 

service being studied? 
serious detrimental effect on the process? 
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6.5. Security Requirements: What effect do the related 

if any, have on the method of performing the serrice? 
“6. DevelopmentaZ Aspects : Is the design Of the material 

ciently clear so that it is possible to Contract \vithout excessi 
y. Contamination: 1s the material contaminated above lilnitR n.h 

released to  commercial SOurceS ?” 
As applied to  the Commission’s operations, Such typical busin%, ‘rit 

supplemented as applicable by other Gorerntnent criteria such as those 
in the recent Budget Bulletin 60-2. 
that  the elements of cost as providd  for in Budget Bulletin 
considered in making COmpariSOnS between the cost Of Providing 
the Government-owned plant and the cost Of Procurement f 
sources. Furthermore, our contractors are specifically advi 
where it is  Commission policy to  subcontract to prirate industry. 
practice to make surveys and appraisals O f  operations a t  G 
installations to  review the continued application of these triteria. 
application of such criteria, evidenced by thousands of contract actioLq 
for  research, engineering, construction, equipment, and supplies, ai little interest. 0 
of enterprise in the atomic energy industry is being developed. 

For each of the activities cited as esamples in your letters, we have 
comments which are attached. Many of the examples are  in arm 
activities in which we look forward to either initial or increasiaair 
industrial participation on a comniercial basis. while others generaii 
the following categories : 

Such supplementation provide 

In the contin 

only once. Thl 

ladding ma teri: 
work. a1 properties, : 

and development 
ance with accepted industry practice should remain integrate& 

coordinated use of the skill and facilities a t  Governments 
lations is still required. 

where extremely large plant investments have alrea 
the Government, or where the volume of activity is so 
and non-standardized as to make it impractical or unec 
tract  for separately. 

5. Activities for which there is no known competitire commerciat 
We trust  that this letter and our attached comments on the 

have cited will provide a better understanding of the Commissionk 
practice regarding the utilization of privnte enterprise in f 
sibilities under the Atomic Energy Act. We will continue to examine 
industrial activities of the Commission in the light of the 
in the private atomic energy industry. For this purpose we will 
any time expressions from industry of their capability to Prorid 
services and products through ordinary business channels. 

Attachment : 
( A s  stated) 

1. Activities where industry is already engaged in the normal condW 

2. Activities which are closely integrated with Plant operation and is 

3. Activities which are  in such a fundamental stage of dev 

4. Activities where large volume is dependent upon military re 3, 1959, contracts 

of purely exper 
r development vi-( 

rd and Savannah 
ure reactor matel 
skills and experi4 
an be met. I n  : 

nts has increased 
of the requireme 

Sincerely Y O m  
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To THE COUMISSIO~’S REPLY TO THE CHAMBER OF COM- 

T_JTPITED STATES (C OF C): THE ~~TAXUFACTURIKG 
), ASD THE KATIOSAL ASSOCIATIO,.; 

examples of competition with industry 
au of the Budget Bulletin KO. 6CL2 

DEVELOPMEXT AND FABBICATION 

el element with which it operates; the 
r reactor experiment, prototype, or power 

strongly upon whether a suitable fuel is available. Just  what 
the purpose of the experiment. Thus, 
n, weight, dimensions, and uniformity 

rtance ; resistance to irradiation damage is 
r hand, fuel for a high temperature, high 

f irradiation stability. Thus, the 
t. The fuel itself is experimental 
prove the fuel, successive loadings 

ually different, each type of loading 
carries on an extensive program in the 

s;  this work included the development of 
dding materials, the determina tion of their physical, mechanical 

properties, and their behavior under irradiation and thermal 
derelopment of methods of melting, casting, fabrication and 

es not only most of the Commission’s 
rs but also a very large portion of the 
mercial firms. In an  action announced 

1959, contracts with contemplated expenditures totaling over $25 
e awarded to 18 firms. 
of purely experimental tasks which must be closely coordinated 
development work, it is the Commission’s general policy to obtain 
t manufacturing services, other than for the production reactors 
and Savannah Rir-er, from commercial sources. Our general policy 

nre reactor materials from commercial suppliers whenever adequate 
skills and esperience exist in commercial laboratories and the t h e  

be met. In addition, whenever it is feasible, we are now pro- 
items containing nuclear materials rather than separately procur- 

e8 are in areas 

the normal medm 

it operation and 
main integratd. 

Gover nnien t =own@ 

military requl- 
tve already twrm 
ivity is SO small, 

ients on the e m  
ne Coniinissinn’e 

inne to examine 
---I - -  

nd fabrication. The ability of industry to produce according to 
has increased very appreciably in the last 5 years or so and more 
the requirements are being met from industrial sources. 

the extent to which procurement from commercial sources has 
re follows a tabulation of the enriched uranium which has been 
1 sources outside the weapon’s production chain, showing the 

fnrnished in the form of UFa compared to that furnished in a form 
dditional processing in  AEC facilities : 

mels. 
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Fiscal year 

Furnished in form 
other than CEa 

Total fkg) 

Percent - 

Experimhtal Gus Cooled Reactor 

&rs operate. ( 4  

Dies and fixtui 

Go90 VI-l-"Enriched uranium and/or pellets for the Gas sola 
Project at the Oak Ridge National LaboratoW-" 

MCA-&"Enriched uranium oxide and/or pellets for the Gas coQlM 
Project at O.R.N.L." 

NA&f-Alb-"Supply of enriched uranium oxide, pellets, or metal for Gu 
Reactor Project; . . . 
Oak Ridge National Laboratory (ORNL) is currently preparing 

and specifications for the fuel element and materiah So that the core 
be procured from industrial sources following normal procurem 
In the development of this element, ORNL has attempted to  proe 
dustrial sources enriched DO2 and/or UOz pellets which meet its 6 
Experience to date has been disappointing in that ORNL has b e n  
obtain the necessary quantities of acceptable materials. The Yields 
disappointingly low, the schedules have had to be changed at 
of suppliers, and in all cases ORNL has obtained the pellets it 
by relaxing the specification. 

Process Heat Reactor 

CofC I->"The conversion and fabrication of fuel elements for 
Heat Reactor project to be built at Point Lomas, San Diego, 

MCA+"Conversion and fabrication of fuel elements for the 
Reactor project to be built at Point Lomas, San Diego, California." 

KA&f-Ala-"Conpersion from UFs . . . for Process Heat Reactor b 
at Point Lomas, California." 
The invitation to reactor manufacturem to supply the reactor 

primary system components included all of the internals and the 
with 14 percent spares. This invitation was issued in OCtoh 
number of proposals from manufacturers had been received an 
evaluated when the letters to which this reply is addressed were 
of the e e d  price proposals received Contemplate Commercial mpplt 
fuel elements by the selected proposer. The Commission is SUPP1rfs 

other services will be obtained commercially. 

Bulk Shielding Reactor and Low Intemity Test Reactor 

CofC I-l--"The Oak Ridge R'ational Laboratory makes the 

*6SuppIy Of enriche 

YY MTR fuel 
of commercial 

for an AEC reacto 
ores have been fab, 

lacement quantity 1 4  

geplacemen t quantity 3 * 

nal quantity, Babco 

Government fur1 

vernment metal TT' 

gram (Project RO 
onversion and fa 

most of its reactors. 
LITR." 

Examples include the bulk shielding rea 

S N ? O b h  



&went  quantity 2*, Clevite. 

iged at the e m  
pellets it 

- 
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rces of suppls f o r  procurement of replacement fuel elements for 

are not used for the following reasons: The demand for 
based on data accumulated during the past 5 Fears, indicates the 

nrly requirements : LITR, 15 elements ; BSR, 5 elements. 
elements is low because of the low power at which 

e. (The BSR operates from zero to 100 kilowatts and the 
), Since the BSR and LITR are used to test experimental 

mblies, about 25 Percent of the replacement fuel elements are not 
Die and fixtures are arailable for these specific elements so that 
,umber required Can be produced by laboratory staff as “fill-in” 

FMtifig Reactor and Engineering Test Reactor 

of 

f enriched uranium for ETR and MTR fuel elements.” 
ly of enriched uranium . . . metal for . . . ETR and MTR at 

pal MTR fuel elements were fabricated at Oak Ridge prior to 
of commercial sources. The first MTR replacement also was the 

reactor to be obtained from a commercial fabricator. Since 
res have been fabricated commercially : 

quanti@ I*, Babcock and Wilcox. 

cement quantity 3*, General Electric. 

1 quantity, Babcock and Wilcox. 
quantity 1*, General Electric. 
nment furnished metal in each of these cases, the statistics 

t& indicate the effectiveness of AEC’S efforts to obtain the proces- 
from commercial sources. In the most recent cafie (MTR replace- 
the invitation requested proposals on both bases (i.e., use of corn- 
cared metal or use of Government-furnished metal). The decision 

Ferment metal was based on the price differential analyzed in ac- 
th BOB Circular 57-7 (the predecessor to BOB Circular 6&!2). 

California.” 
[eat Reactor b &e 

*ply. 

&&et Program-Pro ject Rovey 

The conversion and fabrication of the fuel elements for the nuclear- 
am (Project Rover) .” 

anversion and fabrication of fuel elements for the AEC’s nuclear 
at Livermore.” 
ersion from UFa and fabrication of fuel elements for AEC 

a l i t y  for all research and development for the nuclear propulsion of 
-%le& Rover) is assigned to the Los Alamos Scientific Laboratory. 
W u m  metal for Rover fuel elements is drawn from the inventory 

eat LoS Alamos for the weapons program, and fuel element fabrication 
R;formed in the same facility in which development of uranium fabrica- 

is carried on for the weapons program. The material for Rover 

program at Livermore ; . . . 99 

man proportion of the amount fabricated in that facility. 
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A t  present, every Rover reactor is different. Fuel elerrlents 
te&nology are still in dePelopment, and cannot yet be dexribed 
inclusive specifications. 
design details and characteristics to be sought, fuel element fabri 
current, Rsearch-type Rorer systems luWt continue as an  
directly by the Los Alamos Scientific LaboratorY. 

standardization may permit commercial procurenlent Of both the 
fabrication of uranium for Rover fuel elements. 

Naval Reactors 

CofC 111-l-‘’Conversion of enriched . . . uranium from UF, as 

MCA-1-“Conversion of all enriched uranium from UE’, as requira 

KAM-A1b-‘4Supply of . . . all uranium alloys or ColnDounds for the ax 

In  view of the frequent and 1ast-lninute 

At later stages when there a re  repetitire tests of a single desim, tl 

‘Nuclear Kav$ for metal, alloys or uranium compounds.” 

‘Kuclear Navy’ for metal, alloys or uranium compounds.” 

Navy’.” 
Practically all of the highly enriched uranium utilized in these corm 

from scrap metal in  the form of trimmings left from nlaterial utili 
weapons program. These trimmings are chopped into small pi 
to the core manufacturer mho performs all further processing and 
operations involved in  the manufacture of the fuel elements. 

Reactors program on a fixed price, competitive basis. 

have been awarded to private industry for fuel fabrication. 

program with the esception of some first reactor cores of a t y  
. highly developmental nature. However, many of the parts, eren for 

developmental cores, are manufactured by private industry rather t h a  
Commission’s Bettis and Knolls Atomic Power Laboratories. In  this c11 
it is also sigwificant that a substantial portion of these parts for der& 
cores which are subcontracted to private industry are in  theinselves of a 
mental nature. This type of subcontracting from the Bettis and Kn~oIk 
Power Laboratories to private industry has been increasing, commeacam 
industry’s capability to  handle such work. Thus, the fuel fab 
remains in these Laboratories is only tha t  which is of a highly de 
nature and pertains specifically to the first core of a new design beinr 
a t  the Laboratory. 

8uberitica I Training Reactors 

NCh-lZ--“Conversion and fabrication of uranium elements rec lu id  e 
critical training reactors for educational institutions.” 

NAM-Ala-”Conversion from UFa and fabrication of fuel elements - - - @ 

critical training reactors. . .” 
Educational institntions, as of January 1960, possess or are Planning @ 

le cost. It is an 

There are nom five private companies supplying reactor 

Through calendar year 1959, contracts tofilling approsimately $ 3 ~  

These companies now manufacture all reactor cores for the xayal 

H a l l a m  Reactor 

1S“Product ion of 

t plans for both 
rersion will be dor 

ses arrangement. 

Water Cmnponents 5 

“Production of u 
avannah River.’ 

‘‘Savannah Rive 

a-“Conversion frt 
components test re; 

2 enriched uraniuni and 84 natural  uranium subcritical trai 
fuel is furnished by the AEC n9thout charge to the institutions. 
fuel is fabricated commercially and the natural  uranium fuel 
AEC fSom its supply of reject slugs at Savannah River. It is anticif 
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institutions will require approximately 25 

rSt~se are vital to the educational program5 on which both industry and 
new trainees for this expanding industry, it is desir- 

ies so that the greatest number of training programs 
ial which does not meet the production reactor speci- 
cononiical means of increasing the effectiveness of the 

‘.Enriched uranium for the Xuclear Ramjet Project.” 
order for fuel for the Tory I1 A, the conversion from UFa to 

rformed by the Comniission’s Oak Ridge Y-12 plant. T-12 was used 
on tbe basis of a technical evaluation of capability. Because of the 

cal specifications for the U308 it n-as determined that 
omer than the highly experienced Y-12 plant could be reasonably 

onversion job on the required schedule and at an 
e cost. It is anticipated that future  requirements for  conversion of 

fabrimtion into fuel materials will be obtained commercially, pro- 
t commercial capability exists to provide these services at reasonable 

rocessing and fa 

actor cores for fie xam 

pproxima tel y $!?i@.mB-m 
on. 

s of a type which 

dustry rather t 

tories. In  this ater Colnponents Test Reactor 

in themselves of SI 

Ilproduction of enriched uranium metal for the Piqua and Hallam 

plans for both the Piqua and Hallam reactor projects are that the 
rsion will be done commercially. Fabrication in both cases will be. by 

e contractor for  construction of the reactor. 
e~ arrangements have not yet been completed. 

U-‘Troduction of uranium for heary water component test reactor being 

This 
tion of fuel elements for the fuel element 

ter test reactor being built at Savannah River.” 
--“Conversion from the UFs and fabrication of fuel elements for heavy 
mponents test reactor at Sarannah River.” 

he HWCTR are not being manufactured 
ah River plant. This work is being carried out in  commercial 
ear Metals, Inc., Concord, Nass., under a du  Pont subcontract. 

act for this work was awarded after a survey of 6 fuel element man- 
Concerns which appeared to  have the experience and facilities for 

In the case of the driver tubes, the 
r required resulted in little interest by industry in this operation. 
ated, homerer, that  should significantly larger numbers of tubes 
industry would be interested iu  submitting bids. I n  the case of 
fuel elements, these are still in  the development stage. Consid- 

ng fuel element development work. 

of a highly dew 
new clesign Iein:: 

S. 

are re<luird &fore establishing a firm 
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design for this element. 
development work and to supply the llecessarS test elements d 
opment period. 

savannah River and Hail ford ProdltctiorL Reactors 

CofC I+"The Savannah River site makes some fuel elements for 
Savannah River is also doing fuel element deyelopruent work.', 

CofC I-!j-''Fuel elements -for the Hanford site are  fabricated iu c;ove 
facilities." 
The manufacture of fuel elements for production reactors has heen 

lished in Government-owned facilities operated by industrial contracto 
the intiation of production activities during World War 11. the 
gram expanded, additional capability was provided to meet the inc 
quirements. 
represent a Government investment Of about $165 million. These facilitib 
operated by industrial companies under cost type contracts. 

the requirements of the production program. 
contract f o r  production reactor fuel element fabrication in private,l 
facilities at fixed prices, chiefly because of the frequent and substantial 
which are required in  fuel element types, specifications, and qu 
from new conditions in  the production reactors. The opera 
rication plants must be closely integrated with production r 
and thereby with weapons production schedules. 
operating requirements without delay any fixed price arrangement 
private supplier would necessarily involve price renegotiation to offset 
in  costs as requirements change. 
a cost type contract similar to those which now exist between the eo- 
operating AEC's fuel fabrication facilities and the AEC. 

and reactor performance both of which are subject to substantial -s 
short notice, because it is difficult to set firm specifications, 
quirements are so low tha t  this capacity could not be fully utilized for 
ful purposes for many years, and  because of the large investment 8- 
made in AEC plants, the establishment of duplicate fabrication fa- p to secure infor 
industry mould not be in the best interests of either the G o v e r n s  B and opera tion. 
industry. sites only if r 

N e w  Production Reactor 

CofO VI-3-"Enriched uranium metal and/or fabrication for the netv 
Production Reactor." 

MOA-&"Enriched uranium metal and fabrication of fuel for the 3- 
Hanf ord." 

NA.M-AltF-''Supply of enriched uranium . . . metal fo r  . . . XPR 
ford . . ." 
The new Hanford production reactor, which is being built On an a 

Kuclear Netals has been engaged to d 

The current operating facilities at Fernald and ~ 1 '  

There is no privately owned industrial facility in being 
It is not Considera 

I n  order to a c c o m m a k k  

Such a n  arrangement mould apptproacb 

Because the level of production is directly related to weapons reqni 9 *e maximum ex 
the desired technic 

cular reactor 

the reactor is intc 

time schedule, will use metallic uranium fuel elements under 
ditions similar to those which are found in  current power r 
erating condition, representing a substantial departure fro 
duction reactors, requires that an extensive fuel element Process deT 

- ] O b 8  
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conducted to develop specifications and fabrication and testing 

is work is heing performed concurrently with the design and 
the reactor. To aroid d e l a ~  in  startup of the new reactor, 
of the fabrication facilities must also proceed concurrently 

of the reactor. eren though firm specifications are not 
S i n e  eren process specifications are not firm and would not be 

e as operating experience is gained, contracting with industry 
ements at this time could only result in the AEC’s entering 

ntract f o r  the operation. similar to those now in effect 
he contractors operating plants. Since the BEC already 

will install for the development program much of the 
ed to process the uranium and fabricate the proposed type of 
e incremental AEC investment required will not be major. 

since industry has indicated possible interest and capability for 
these operations, arrangements hare been made for  a n  industrial 
view the question of production of NPR fuel elements in  private 
Their report has  now been received but the Commission has not 

rbe 

lent work.” 

nald and  weld 

n being which can ~ 

lot  considered ~ 

it and  substantial e- 
s, and quantities r w b  
he operation of fuel 

y to evaluate its recommendations. 

ESIGN AND DEVELOPMENT 

=dad--“~esign, construction and testing of reactors, reactor prototypes, 

development, and experimentation in  the general field of advanced 
development by AEC laboratories is a prime responsibility of such 

dons. The Chamber of Commerce itself recognizes this role of the BEC 
on 17111 of its letter. The design of a n  advanced reactor cannot in 
be divorced from the development effort leading up to the actual pro- 

e masimum extent consistent with the paramount objective of obtain- 
desired technical data  for which it is necessary to build a prototype 

r type, it is the intention of the Commission to construct 
er cooperative arrangements with utilities, public or private. 

y desirable to have power reactor prototypes integrated into power 
to secure information on compatibility and performance and on main- 

n. The Commission plans to construct such facilities on 
ites only if responses to  invitations are not received or are not ac- 
A11 power reactor prototypes constructed by the Commission, whether 

or Commission site, are designed and constructed under contract 
companies with the Commission generally specifying only the re- 

ceptual design, approximate power size, and general objectives, plus 
ific parameters as are necessary to assure obtaining the information 
reactor is intended to provide. 

r ewe t  to experimental reactors and reactor experiments, these are 
most wt designed by Cornmission laboratories, with that portion 

is not a direct outgrowth of the esperimental program 
m s h e d  by architect-engineers. Among the more important reasons 

to the laboratories the primary responsibility for  such projects 
9 are generally merely an extension of a planned laboratory 

and as such, are of more benefit when designed, operated, and 

eriments for which industrial capacity and capital exists.’’ 

rice arrangement ~ 

gotiation to  offset 
!nt would approach 
ist between the C O I I ~ J ~ ~ ~  

1 to weapons requir=* 
: to  substantial ehanp e 
:ations, because c i ~ i l h  
be fully utilized for ps- 

large investment al-2 
t e  fabrication facil itb % 

0. 

either the Goyernmvnt ee 

cation for the new IbEf*& 

of fuel for the 13% 

!tal for  . . . ~ P R  et * 
eing built On an 
ents under temWfi tm 
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altered, as needed to accomplish the project objective, by the laborHt 
sonnel; (2)  due to the esperimental nature of the project, 
developed as the work proceeds and a Complete set of s~cifipalioll,  
available for the solicitation of bids from industry; (3) in many ca 
experiments are merely modifications of prerious experiments 
lary equipment already existing a t  Commission sites can be used which 
the cost of the project and the time and effort required for  
experiment. 

applicable to the general design. construction, and testing of A%EC 
Current policy is that conceptual design W i l l  be made by the best 
organization. 
for with engineering firms. 

Oak Ridge Research Reactor 

CofC II-3-"Oali Ridge National Laboratory's Title 1 and Title 

Detailed coniments a re  given below and, in general, these cornmea 

,The concepti 

However, Title I and Title 11 type n-ork is llnrlljallF ,'ant 

of ORR." 
The Oak Ridge National Laboratory had responsibility for t 

ORR. However, Titles I and I1 design services required for 
were by no means accomplished exclusirely by members of 
neering staff. A private organization-the McPherson Cornua 
S.C.-performed a significant amount of the Title I1 design Fork. 
Pherson Company participation in the design of the ORR included 
and preparation of working drawings and specifications for 
actor building, building services, utilities, reactor shield, reactor 
reactor cooling system. 
operating contractor, had direct responsibility for initiating and d 
the over-all concept for the facility. for the preparation of design cr 
all phases of the project, and for the definitive design of the reactor 
including instrumentation and controls. 

The latest figures on total cost of the ORR show that less than 6 
was expended by Oak Ridge National Laboratory engineering force  
which could be considered as  Title I or Title I1 engineering. $ppr 
one-third of the 6 percent was expended in  preliminary work req 
develop design criteria and specifications necessary for the design 
proceed. The remaining 4 percent was expended in coo 
work with the architect-engineer and in design of the reactor properm4 
reactor control system. 

H i g h  Flux Isotope Reactor 

CofC 11-1-"Oak Ridge National Laboratory's design of a high-flux 

Oak Ridge Sntional Laboratory, as the corn 
r and associ2 

e concerns. The t 

almost entirely 

andia and Los 
effort in this 81 

d c i e n t l y  know] 
ts job and  to prl 

Heat Reactor 

II-7'-''Argonne p~' 

producing reactor." 
It is anticipated tha t  all Title I and Title I1 design of a1 

job will be performed by an  architectengineer except for the 
and control systems. The control system components will b 
industry. 
are a major fraction of the project. 

formance of any existing reactor and is higher by a factor of 
any other proposed high-flus reactor. 

see if any SUC; 

for the Selected I 

ent Program for 
Those portions of the job to be des iqed  by an archit@-t 

The performance of this reactor will exceed b r  a large facrtrr * 
I t  represents a sizeable extra* 
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In  order to accomplish the research aims of the reactor it 
We believe it to  be the limits of current technoloo. 

national laboratories to perform this type of development. 

rrBro&hRVell Kational Laboratory’s preliminary design of the beam 

beam reactor will be used principally for research projects 
oire external beams of neutrons at both thermal and epithermal 

The Conceptual design study of a new and advanced research re- 
largely an effort to derelop the best compromise of the needs of 

imentors, the actual performance of a chosen fuel and moderator 
~ determined by critical experiments, and engineering considerations 
*detJ, and general feasibility. Even on this conceptual study Brook- 

sisted by an industrial company, and in July 1939, statements of 
phases of the design, equipment procurement, and 

of construction of the reactor were solicited from 12 industrial 
Nine proposals were subsequently receired and me are currently 

with one of the companies for this work. 

Los Alarms design work for the Sandia Test Reactor.” 
December 31, 195% this facility was 31 percent complete and is 

aspects of the building and practically all design aspects of 
and associated equipment mere handled through contracts with 

the reactor and associated equipment were 
ost entirely 011 other components and fuel elements already in 
and involred only minor design modifications. The total design n of the reactor 

or the reactor and associated equipment was covered by approximately 
in outside design contracts plus approximately 4 man-years of com- 
andia and Los Alamos time over a 3-year period. The Sandia-Los 
dart in this area was the minimum necessary to keep Sandia per- 

ciently knowledgeable to insure that it would get what it needed 
and to  provide a background for the operation of the reactor. 

chat less than C 
neering forces on 

in coordination tef 
e reactor prowr w d  

H-i-‘‘Argonne National Laboratory’s Title I design of the process 

aluation study of those reactor concepts which a re  
see if any such concept is particularly suitable for this application. 
also requested the Laboratory to provide a report on the conceptual 
the selected reactor concept and an outline for the research and 

for such a reactor. The Title I design of the Process 
dor was not performed by Argonne but by Sargent and Lundy. 

Circula tiolt Rea ct or 

“ b o l l s  Atomic Power Laboratory’s work on a Natural Circulation 
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The development of a reactor plant for naval operation is quite d, many respects from the development of a stationarr reactor plant, l@ereQt ~ 

The F%- - 
and Vibk- 

requirements, the maneuvering capabilities, and the ODeration of th e Plant uL 'it- 
Tarying conditions of inclination give rise to problems not encountered ib 

plant. 4 k*- 
~~~ cation and its successful and t imeb coinpletion as well as its furth er arhk== 

ment requires full exploitation of pertinent nara l  reactor technolao 
?% Commission laboratories which have specialized in naval research 

ment work for about 10 years are, to our knowledge, the only orpanlyudflr4C. W E  &- 
ing the necessary technical talent, experience, and special facilities fur 
ta]iing this project i n  the most expeditious manner. 

pactness of the reactor system, the high power density, the shock - 

The natural circulation reactor plant iS a new Concept for -- 

Army Lou: Power Reactor 

CofGII-ll-"Argonne Xational Laboratory's development of the 

I1ABZ-Cle"The first reactor in the Army LOT Power Reactor proW 

r, Power Reactor." 

fabricated by an industrial concern at its own facilities, but the S*Qbd e 
be fabricated in a Government-owned facility.'' 
We assume that the SM-1 plant at Ft. Belvoir is the "first reactop and 

S L 1  (formerly ALPR) at  the National Reactor Test-Station is &e &a 

In  the light of a known interest of the Department Of Defense in 
power plant of approsi~uately 1/10 the capacity of the Sal-1 a t  Ft, &qTw * E  
separate reactor concepts were investigated to determine vhich Could hG ~ 

the requirements of the Department of Defense. These studies Rere mc 
tmTeen January and June 1955. Of the various systems investigated, aa b- 
ing water system study by the Argonne R'ational Laboratory appeared b b  
most suitable for this purpose. 

Inasmuch as there was no industrial experience with power reactor 
developed a t  that time, Argonne was rmuested to undertake deyelopmm', 
construction of the prototype 200-300 h%?e Plant which the D e p a u g  
Defense requested in  September 1955. I n  the course O f  construct 
Argonne used subcontracts with many industrial firms. An indus 
awarded a contract to  fabricate the fuel elements but defaulted becam p 
unable to  fabricate elements meeting the prescribed standards. In order 
the project completion date would not be jeopardized, the fabrication & &  
core was undertaken by Argonne Laboratory. Since Completion the pk! k 
been operated by Combustion Engineering. 

111. THORIUM 

CofC VI-S-"Supplying A.E.C.'s needs for thorium alloy, thorium oxide, 
t? carbide. . . . 

MCA-l4-"Supply of thorium oxide for the homogeneous development 
at ORSL." 

~fC~-l&-"Sugply of thorium metal for special projects at LOS slam* _ -  

and Lawrence Radiation Laboratory at Lirermore." 
SAAI-Cla-"Supply of thorium oxide for  homogeneous reactor dewlo@ e 

Lawrence Radiation Laboratory at Lirermore." 

thorium ope 
this element i n  * continuing rc 
a c e d  the currr 

1 by procurement 

*% be 

II+-"Argonne : 
d k  for its new resea 

assumed tha t  rl 
echnology Cent 
of the buildin 

*r (Singmaster 
& by Argonne. T 

hatdware is bein; 
em of the design c 

designed so that t 
Em without the need 
Mmplete departure f 
b e n t  in  all aspl 

facility must 
*ai master slave mt  

h the need for t 
'm forums, no com 
'."g howledge. 
Beas also fel t  that 

and engineers 7 

r Problems in 



~OMMISSIOh’ CORrZlt.Tm\TICATIOK 485 

sentl~ has no production capacitg either operating or arailable 
rium to metal. A small pilot plant for preparation of 

of tfioriuru oxide powders is in operation a t  ORSL. Several years 
pilot plant was built at Fernald site and operated for a 

Since the anticipated requirements for thorium which were the 
nald pilot plant effort did not materialize. the facility was 

in 3gg and has been dismantIed. During its perind of operation, 
d a small inwntory of thorium metal and compounds from 
=ds which hare developed since 1935 have been supplied. 

ded that future requirements of comparable size Rould continue to 
The ORKL pilot plant. 

band, is preparing thorium oxide powders in m effort to produce 
desirable slurry properties for use in the homogeneous reactor 

ge has also iirocured sample quantities of oxide from in- 
Development work on preparation of acceptable powders 

A~~ funds has been carried out by ORNL and several private com- 
development prograni at ORSL is still under way. At such time 

e has been developed having the desired slurry properties for which 
tion can be set, me would seek to obtain thorium oxide for use in 

aorinm operations are limited to deTelopment efforts on the utiliza- 
in AEC programs. There are some indications tha t  there 

continuing requirement for modest quantities of thorium metal which 
rrent inventow. Should such develop, -4EC will ohtain the 

. 

from this inventorx as long as arailable. 

testingm 

reactors from commercial sources. 

SM-1 at Ft €jetr 

,e studies were 
as inrestigated, :tr 
borat.org appwn-4 I 

,c.ement from commercial sources. 

TIES AND EQUIPMEKT 

ArgonTU? National Labora tm 

‘hrgonne National Laboratory’s Title 3 and Title 2 design of hot 
new research laboratory.” 
ed that reference is made to the hot cell area in Wing F of the 

3. An industrial B logy Center, nom under construction. The Title I and Title I1 
g were carried out completely by a private architect- 

gmaster and Breyer) on the basis of preliminary designs pre- 
he design of the manipulator, windows, and internal 

Fare is being carried out by Argonne because of the experimental 
ncept. In this particular case the ‘care equipment is 

ed so that the operations can be carried out for extended periods of 
t the need for access by personnel. The design concept represents 

om present operating techniques and requires a large 
cts of remote handling equipment. This new research 

dlity must be gastight to contain a n  inert atmosphere. No existing 
ter slave manipulator is designed to operate under these conditions, 
e need for this new approach to remote handling has been discussed 

no commercial company is working on this problem to the best 

felt that the design of these features should be carried out by 
engineers who ha re  already used such facilities and are acquainted 

sa 

derbke develo 

Problems in the design of remote handling and riewing systems. 

http://borat.org


5 0 0  

APPEKDIX 18 4S6 

Nuclear Ramjet Eitgines 

CofC II-&-"The Government's University of California 
design, test and fabrication of nuclear ramjet engines." 
The function of this program is to determine the feasibility of 

a nuclear reactor as a ramjet engine and does not include desim 
fabrication of nuclear ramjet engines on a production basis. 
is subcontracting as much of this project as is feasible, Consider 
requirements and schedules involved. 
amount to about 45 percent of the laboratory's budget for the project, 

Thermionio Cells 
Cofc 11-9-"Los Alamos' experimental work on thermionic cells to 

Subcontracts with industrr 

energy directly to electricity." 
This item refers to the "plasma thermocouple", a present research 

the Los Alamos Scientific Laboratory. As far as we are aware, the bagit 
originated at LASL where technology in the exotic material 
nium and zirconium carbide), scientific competence, and ad 
facilities required are  available. 

AEC welcomes parallel research by industry and the publica 
of such research. LASL has published numerous document 
has briefed many industrial organizations upon their work. We encourage ~~ 

laboratories to undertake frontier research of this nature. 

V. DEPLETED UBANNM 

CofC 111-1-"Conversion of depleted uranium from UFs 

CofC III-2-"Depleted uranium metal for an AEC shielding cask Projectp 

MCA-%"Depleted uranium for all activities at the nation 

This field of research is unclassified and completely 

'Nuclear Xavy' for  metal, alloys or  uranium compounds." 

Schenectady." 

specific attention directed to the conversion of depleted uranium from Q- 

and the fabrication of blanket fuel elements for the Zero Power Reactorr 
Argonne National Laboratory." 

MCA-3-"Conversion from UFs of depleted uranium required for shielding e 
a t  Bettis Field representing approximately 40 tons of cylindrical casting: 

MCA-W'Depleted uranium metal for AEC shielding cask at General Elex& 
Schenecta dy." 

NAM-A2a--"Supply of blanket fuel elements for Zero Powe 
h'ational Laboratory." 

A'A1\1-A2b"'Conversion from UFa of depleted uranium r 
cask at Bettis field." 

NAM-AZc-''Supply of depleted metal for shielding cask pr 
Depleted uranium metal is used to a very limited extent 

program as a shielding material in  certain refueling equi 
ness is required. Specifically, it has been used in the r 
the S3G and AlW type reactor plants. The depleted u 
ment was fabricated into the desired shapes at Oak Ridge. The events lead& 
to the decision to do the work at  a n  AEC facility can be summarized as fO1lWs 
I n  1957, representatires from eleven private industrial concerns mere inritd ' 
a pre-bid conference called to determine whether commercial vendors Were ~ 

tIon services rei 

qotiations are : 

st Clammission tec 

COfC VI-'i-"Che 
~~A-l6-''Recov 

-1 0 -1 4 
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B ~ ~ e  of fabricating the depleted uranium shielding components for  
machine developed and being manufactured by the United 

corporation. Three companies responded. As a result of this 
* @ision vas made to perform the fabrication work a t  Oak Ridge 

lit9 of the three interested commercial vendors mas uncertain, 
&dent that  Oak Ridge had an  esr;ablished capability to perform 
three of the interested vendors lacked experience in  casting the 

uranium alloy, and it was questionable whether their facil- 
the size of the castings required. Similarly, starting in  1956, 

Shoe njachinery Corporation designed and developed for the Bettis 
enance and refueling machine fo r  use with the AlW type 1 

S. Depleted uranium for this machine mas also procured 

a t  the questions concerning the ZPR refer to the ZPR-VI 
(me 

Bids were requested for con- 
u ~ ,  to metal and commercial suppliers hare been selected for both 

case, that of the EBR 11 blanket material, an exception was made 
y of using commercially available facilities, based on the 

t for which procurement was initiated in  R’ovember 1959. 
for ZPR-111 was in  1957-58.) 

fabrication steps. 

ce differentia1 that existed. 

Fa as requim 
kds.” 
ielding cask p h ~  

.ional laborstorim 
ted uranium 
Zero Power 

uired for sbiefdbg 

isk at General 

wer Reactnr at  

w e  Projects.,’ 

k- t,.(preference should be accorded private irradiation facilities in place 
H n t  preference for loading Government facilities first. This is the 

of encouraging more private capacity. Underloaded commercial 
e i s t  whereas it is our impression that  the Government owned facil- 
heaTill loaded. AEC‘s practice of offering space in the Government 

and ETR should be limited to only those specific cases where 

+‘&The BEG should announce a policy to  utilize privately-owned reactors 
awrlals testing to the extent that  industry is able to provide space. This 
dprfvate reactors should be in preference to the use of a similar Govern- 
g m e d  facility. The current use of NTR and ETR for Government- 

research, which constitutes the great majority of the materials 

g * f l  

I 
,d 
L-aTe facilities are unavailable.” 

business, results in severe competition for the private test reactors.’’ 
mtions currently are underway to determine the extent to which irrad- 
,mites required for Commission programs can be obtained from either 
aainghouse or General Electric test reactors. As announced last summer, 
aims are also being conducted with the Babcock and Wilcox Company 
aronstruction of an additional test reactor. Irradiations will be continned 
Wssion test reactors depending upm the type of irradiation required and 
t Oi ontside service. 

3arrcat PROCESSINQ 

Rnisnt scrap 

Q-;-“Chemical processing of cold industrial scrap.” 
a- 

-%every of cold fabrication scrap, both high and low enriched, from 
..I.- 
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In early 1939, AEC took the initial steps to acquir 
ices from industry. I n  March 1950, AEC began to se 
mercial seral, recorery firms. to provide this servic 
AEC assigned the responsibility for developing the d 
ium scrap industrF to Sew Pork Operations Office. That ii 
central point for the BEG and its contractors for  the placement au;l 
tion of contracts for commercial recovery of uraniu 

.reactor development program. From March throug 
imately 11 awards were made aggregating 344 kilogra 
of $180,200 fo r  recorery charges. 

the scrap available for  commercial recovery will be r 
invitations for  bids will be solicited from private firms. 
steps it is expected that the commercial recovery of cold scrap a'ilt =~~ 
stantially in the future. 

Irradiated Fuel. EZements 

CofC VII-''It is recognized that the reprocessing of irr;adiated flltrl 

The yew Tork Operations Office is currently establishing a 

represents a n  area that is difficult to assess commerciallp. 
is no reason to believe tha t  many chemical firms could not 
if pricing, regulatory and  load problems could be su 
the Governnient is spending large sums on developin 
inhibit industrial investment in known processes it can sp 
toward a desirable commercial mode of operation by 
of industrial firms in  research and developnient and DossiblS th 
and operation of reprocessing plants." 

NARP-A-3-Tn tbe area of reprocessing of irradiated 
ernnient can and should greatly aid in  the transitio 
of operation by making maximum use of industrial groups in p r m  
and development and in construction Of, and operations related t 
ing plants. To promote the growth of a healthy industry in 
ernnient funds should be used to finance research and developmen 
in privately-owned facilities in preference to Gorernment-oxned 
The Commission has made a continuing effort to bring private i 

the field of chemical reprocessing of irradiated fuel elements. At 
time, a group of five electric utilities and a chemical c 
technical and economic feasibility of the design, construction, and 
w privately owned facility for  the processing of spent nuclear fuels. 
\vi11 take approximately 6 months, a t  the end of which time it 
industry will have a much clearer view as to the potential in 
study has the full support of the AEC. Other group CX&T~. Such i 
would have the same AEC support. The laborato 

in this field, and technology must be developed in order to fin 
solution to the general problem, development progr 
with the objective of obtaining economic nuclear POW 
absence of adequate technology necessitates the cons 

Although to our knowledge there are no facilities outside of bw* 
undertaking major derelopment programs on recovery Of Went fd 
-4EC is prepared to receive proposals for research a 
fuel recovery technologF. 

it may appear 1 
indicates that  E 

Since there are a number of approaches to the problems of private 
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,,Oal; Ridge ~a tional Laboratory‘s Instrument Development See- 
instances is working on the development of instruments 

on v i tb  comriierciallJr available equipment.” 
ch of the major GoTernment projects hare developed their 
ent: hand and foot monitors, scalers, suryey meters and multi- 

diation analyzers in competition n-ith commercially available 

, lnstrment  production work at Los Alamos, Oak Ridge and the 
of California (Berkeley) .” 

@yipersonnel radiation monitors are developed and produced in in- 
There is 

ent industry capable of furnishing such monitors and it should be 

~GoVernrnent construction of radiation measuring equipment is also 
tcolnpetition with the priva te instrument industry.” 

press policy of all of the laboratories to procure instruments which 
commercially rather than to fabricate them. A survey of all lab- 
industrial establishments made in  1954 showed tha t  over 80 per- 
n instruments of all types were procured from private industry. 
mrvey indicates this percentage ranges from 90 percent to 100 
g upon the mission of the facility. 
t some instrument development work is continuing a t  major 

es. Such work is necessary for the following reasons : 
modify or create instruments to meet the specific requirements of a 
project where the time and engineering effort necessary to prepare 

tiom, issue bids, instruct outside personnel, inspect for precision, and 

deTelop designs in instances where commercially available instru- 
have proven unsatisfactory in performance and private companies 

-not improved their products on their own initiative but will adopt lab- 
-developed designs. 

it may appear that each loboratory develops its own instruments, our 
indicates that such development is undertaken only when neceFsar1 to blements. A t  the 
particular condition for which a commercially available instrninent is Aompany are stud 
ptable. The facts in  respect to  specific instruments are: 

luclear fuels. Thh H a d  UT& Foot Uonitors. Obtained commercially. Developed initially 
h time it is ~ X I B W ~  tories. One laboratory has  recently deueloped an  improved 
tential in this field. 

making similar b 8 .  Such instruments typically must be modified to meet specific 
The laboratories use commercial sub-assernblies. 

While these meters are purchased from prirate  indns- 
laboratories have had to undertake development of more reliable 
in the absence of such development by industry. 
tk9umzeZ analyzers. To our knowledge, the only development work 

%ese devices is that necessary to achieve devices for  special applications. 
, one laboratory assembled one such device in  calendar year 

a cost of $12,000, while in the same year it procured $192,000 worth 
devices comrnerciauy. 

abicb 

production sections at  Government-owned laboratories. 

possibly the co 

fuel elements, tee 

e for corrections, make outside procurement impractical. coups iu proce 
ons related to, 

KI development pr 

for greater reliability. 

f@rt.ey meters. 
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IX. ~IKKIUCTION OF RADIOISOTOPES 

Cobalt 60 f o r  the Hggh Intensity Radiation Devel 

CofC VI+"Supply and/or fabrication of high purity cobntt i.,I ~ 

Intensity Radiation Development Laboratory at the E~~~~~~~~~ 
Laboratory." 

&fcA-Io--"Supply and/or fabrication of high purity cobalt for 
Radiation Development Laboratory at the Brookhaven xatioual 

NAM Clc-"Supply of h igh  purity cobalt for High Intensi 
ment Laboratory, Brookharen." 
The  high purity cobalt in  the form of nickel Pla 

radiation development facility was furnished c 
is and has been supplied by commerical vendors to AEC 
cobalt for use in  a reactor is controlled by the reactor operator tr, 
safety and integrity of all material inserted into the re 
500,OOO curies of cobalt 60 are needed for the Br 
program and are being producd  in the Engilleerirlg Test 
the radiation was begun no coniniercial solirces of cobalt 60 e,sta 

Prod@&& 01 Certain Radioisotpes 

CofC IV-"The Government is Currently producing certain r3diOaave 
in a commercial way (e.g. Cobalt 60, Iodine 131, Carb 
phorus 32). The demand for these radioactive isotopes is 
which makes commercial production feasible 
which should be utilized." 

radioisotopes." 
AEC's needs f o r  radioisotopes are small in relation 

representing 14 percent of the dollar sales. Until s 
producers can supply the requirements, AEC production of radioist, 
necessary to meet all or par t  of its own needs. C 
radioisotopes is small at the present time except for cobalt 60. 

way. In 1955, AEC discontinued the production of cyclotron p 
isotopes because commercial sources were in a position to  prodn 
these products at reasonable prices. Also, many of 
distributed by AEC are produced on a laboratory 0 

of the small demand, principally for research and 
The AEC has nen?r competed with the pharmaceutical indnsm hi tksss  

facture and  distribution of pharmaceuticals containing radioi- S s  
AEC has also turned over to private industry the following related simk- 

CofC VI-S-"Supplying A.E.C.'s needs for . . . high purity 

The Government is producing some, but not all, radioisotopes in a 

of radioisotopc 

&edge Processing 

a. synthesis and marketing of (2-14 labeled organics. 
b. cobalt-60 encapsulation services. 
c. cobalt-60 gamma irradiation services. 

The foregoing demonstrates the way BEG policy has been emi 

The statement is made tha t  the demand for  cer 
private industry is ready to produce or Perform services at r 

level which makes commercial production f e d  
producers are : 

3 7 0 1 8  
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FI’ 1 9 5 9  Sales 
( i n  thouaands) 

60----------------------------------------  $659 
I ~ i n e  131--------------------------------------- 325 

Carbon 14--------------------------------------- 263 

Fbosphorus 32_---------------------------------- 171 
polodt‘m 210------------------------------------ 208 

Total---------------------------------------- 1,626 

discounts of about $207,000 granted to users under the AEC radio- 

represented 65 percent of AEC’s dollar sales. All 
60 rqu i r e  radiochemical processing with attendant high invest- 
facilities. Indications until recently hare  been that the rolume 

In fact, the Commission 
ted with a number of private companies who hare made very detailed 

of AEC isotope production activities and the comniercial oppor- 
mdertaking the total isotope program. These private groups did 
market to be sufficiently attractive for a commercial venture involv- 
1 program. It has only been within the last few months that the 
bas received concrete evidence of private interest and intention 

isotops. We understand that two existing commercial test reactors 
one commercial company is considering produc- 

distribution of iodine 131 to be produced in another company’s irradia- 
perators have thus far indicated no interest in 

i@ purity ct,k1it irate interest in the production of cobalt 60 
erpiored, Industry plans will be taken into consideration in determin- 

n to AEC sakis t ~ .  s to meet requirements, particularly for mega- 
such time as mnt s of AEC is to develop large scale uses for 
)n of railiuisotitpw jective is dependent on solring technical prob- 
3ommercial prcltfu ability, and lowering prices. When this ob- 
cobalt 60. j_p reached, the demand for radioisotopes should be at a high enough 
ioisotopes in a c ~ t t ~ c r s e -  attract private capital and make commercial production of a wider 
cyclotron proclutrd oi radioisotopes economically feasible. 
on to produw nwf 
the radi0isotnl~- t l  

- semi-wctrh W I I ~ F  

evelopmental wit- 
,ical induskF in tk= 
lining radiois0tr.T- 
o\\?ing rela t ~ t l  I;m if- . 

t private capital. 

es by AEC contractors.” 
e service for personnel monitoring. Although 

r Of industrial firms offer this sevice, competing services are  per- 

e Of film badges at most AEC installations is regarded a s  an  integral 
operating procedures established to protect the health and safety 

The processing and reading of film badges is intimately related 
tation and other steps in a monitoring system. Wherever radiation 
uld reach dangerous IereIs or where personnel must work in radia- 
quick detection and rapid estimation of exposure are needed for 

mel Protection a11d control of perations ; any time delay involved in 
a a commercial contractor to provide these services is unacceptable. 

cs. at Oak Ridge, Brookhaven, Savannah River, Sandia, etc.” 
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One AEC contractor engaged in the Processing Of Unirradiated 

rials is understood to be considering the use of Commercial 
Another, responsible for operation of an AEC laboratory, is giT 
sideration to cancelling its commercial contract in faror of 
its own film badge work because of seTera1 Wars Of unsatisfactory 
with inaccuracies and errors on the part Of tn.0 Commercial cotltr;c 

Printing 

cofc VI-%"Printing facilities a t  Government facilities." 

Rxcept for the printing establishment maintained for  th 
semination of scientific and technical repods by the Technical 
Services Extension at Oak Ridge, AEU printing facilities are an 
of the administrative support for routine management a 
AEC installation. 
numbers of short production runs with short lead time. 

Provision of printing equipment for an AEC installation rquir 
thorization by the Congressional Joint Committee On Printing, which 
reviews production reports to assure that wuipment continues 
Typically, AEC installations procure from WInmercial SOurCeS a la 
Mclassitled printing when large production runs are in 
permits. 

Trans portatiom 

CofG T~I-l@-"Opera tion and maintenance of automotive equipment ~ 

Dar-to-day operational needs are characterim 

portation facilities (bus and rail) at Government installations: 
In  the prorision of automobile service at BEG install 

operate fleets of Government-owned vehicles of varied types. 
vehicles are obtained from Government motor pools. Peak loah  aw 
by renting equipment. 
integral supporting activity which can be provided most eflidene 
operating contractor rather than a n  outside commercial soure. 

At AEC installations which are in relatively isolated or rural lm 
icing and maintenance of motor vehicles are generally 
shops. There are, however, many locations where reliance on 
and facilities is the practice because it has been found to 
more economical. than would be t 

AEC installations. 
demonstrates that commercial bus service cannot be provid 
and operating conditions make it impractical to contract for 
reasonable cost. 

operating contractor. A t  Oak Ridge prior to 1956, the plant r a i l r d  
under contract by one of the major railroad companies. Cost *a 
the AEC to transfer responsibility for maintenance a 
railroad to  its operating contractor. 
than one-third of the minimum amount payable under the earlier 
the railroad company. 

involving special equipment and handling, are best Performed gs 
integrated responsibility of the plant operating contractor- 

Automobile service at most AEC  ins^^^ 

ertake to s e n  
the business : 

Bus transportation is provided by our operating contractors at 
Because of the isolation of these 

Intraplant railroad service is performed at several instalh@* 

Since 1956 the estimated 

In general, intermittent low-volume operations within Our PImt 

"8 t3  
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distribution in COllneCtiOn with GOTernIllent installations.” 
distribution systems at  BEC installations are operated in 
e nornlal industrial practice under which the consumer owns 

system beyond the point of deliTery, usually the high 

n s i b i l i t ~  for the distribution of electric power Kithin a n  9 E C  
an integral part  of the orer-all responsibilitx of the operating 

3s.” out the principal mission of the installation that a 
r power distribution services could not be tolerated. 

exists a t  Los Marnos, where many private residences are 
distribution system. The feasibility of eventually disposing of 

distribution srstem which serves the town facilities is now being 

step-d~wn transformer. 

inr 

the 

ne. 
q~ ,~munica t ions  systems at  Gorernment installations.” 

letFp, and radio communication equipment is regularly used by 
Intions. O n l ~  recently has it become possible to obtain radio equip- 
le,emaintenance basis from commercial sources, and substantial 
mdio equipment are being secured under such arrangements. 

letype facilities used by the AEC a re  leased from public 
g& as B~iierican Telel~hone and Telegraph Co., Vestern Union Co., and 

America. Teletype traffic of AEC is processed oyer net- 
tie lines prorided by public utilities as well as over the military and 

all gEC telephone service is prorided by public utilities such as the 
Telephone and Telegraph Go., Bell Telephone companies, and independ- 

le exception is at Hanford, where during World War  I1 a Govern- 
I most efficiently b~ telephone system was built because the local telephone company 
rcial source. *s undertake to serve so large a site. Najor  portions of the Hanford sys- 
bd or rural  locations ‘ng the business and residential areas, were sold to a public utility. 
. performed in BET &ms directly and exclusively serving the Hanford plant areas are  still 
iance on commercik? e AEC and operated by the AEC prime contractor. 

analyses have indicated tha t  the present arrangement is more 
than would be the purchase of the service from a telephone company 

rates established for that geographical area. Further studies will be 

lources a large 

ire quiprnent  and 
s talla tions .” 
allations, our eo 
types. Where a 

AEC installations & 

ontractors a t  w3:ue 
hese facilities, effs 

tact for such Fer\+ 

Facilities at the Argonne National Laboratory.” 
.ral installatione t*! 
plant railroad W:iG ,’! 

Cost stndie. Prc 

shop jobs are  Performed in  the Argonne National Laboratory’s oR7.n 
PS &-hen (1) there is urgency to complete the job, (2) private corn- 

the work, and (3) shop fabrication must be c a r r i d  
dent with design, development, and  proof testing of the apparatus 

’Then these factors are not present, it is the policy of the L a b r a t o r y  
rk from private enterprise. 
years steps have been taken to derelop commercial soupces for  
on haring the qualifications and experience to perform the type 
ted by the Laboratory. A large number of qualified companies is 

ctor. 
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PRIKCIPAL TERXS OF URASIUJI: COSC~EKTPATE P n ~ c s u S ~  
(,4s released to the press So-cember 18,1960 ’i 

The Atomic Energy Commission has contracts for the purcp,;lse of 
concentrate (U30p) from 26 domestic processing mills, one of 
construction. 
ljuild its own mill or arrange for treatment of its ore a t  ROll le  e 

The Government buys uranium concentrates from privately on-ned 
erated mills under the terms of individually negotiated contracts. 
period ending March 31. 1932, the price per pound Paid for mncentraT 
from mill to mill, depending principally upon the size and location 
the grade and character of ore processed and the tFP@ of treatllleut 
During the pre-19G2 period (prior to April 1, 1962) these prices a,.p ~ 

escalation based on Bureau of Labor Statistics indices. 

the AEC will be a t  the established price Of $8.00 Per pound of t3o, 
minor exceptions. 
terminating March 31, 1962, and some deferred deliveries as 

ih Under one additional contract, the cornpaup I ~ ~ ~ ~ ,  at its 

onTjng is a summar 
For concentrates purchased subsequent to March 31, 1!)G2, the pric.r ~ 

These exceptions include final deliveries under ~ 

result trE 
out provisions in some contracts extending beyond that date. CT- EXTENDED Iiv - 

Fifteen uranium concentrate procurement ColltraCtS with nlilling Q,EZs 

have been extended in accordance with the Commission’s ~ ~ ~ n ~ ~ l l b ~ v f n ~  
November 24, 1958, which provides for the purchase of urnnjur~l ronrv=- 
( UsOs) in the 1962-1966 period. 

The remaining 12 contracts provide essentially for purchase of COBrq 

in the pre-1962 period although in a few instances their terms 
post-1962 period. These contracts are being reviewed with the 
them into accord with the Kovember 24, 1958 aIInOuncenlent. 
include studies of ore reserves, the establishment of annual quotas. mi 
matters. 0. This contracr 

will make public a summary of each contract’s 1118 jor provisions. 

Grants, N. &lex., and Susquehanna Western, Inc., Riverton, Wyo., have 
in accordance with the Norember 24, 1958, announcement. Following is D. summs 
approximate quantities and prices involved in the current Contracts : 

KtPtnLac h-uclear Fuels  Gorp .  The amended contract, effective as of x’o 
provides for  the purchase through December 31, 1966, of approximatelT 31 
of D,O, in concentrate haying a total  value of $237,000,000 a t  an arerag 
per pound. 

estimated will be produced by June  1, 1963. 
deliverable a t  $8.00 per pound. 
period 
period. 

Susquehanna Western, Znc. The extended contract, effective as Of Juue 1 1  

for the purchase through December 31, 1966, Of 5,775,000 Pounds Of ‘* 
approximately $47,000,000. 

Under the terms of the  new Contract, approximatelf 1,503,@0@ pounds Or ”” 
delivered between June 1, 1360, and April 1, 1968, at  a unit Price Of g5‘” e 
arid 4,272,000 pounds are deliverable after t h a t  date  a t  $8.00 per Pound 

8re.q. The current 

and April 1, 1962, 
ted for is 1O,’iOS,5( 

Th 

Upon executing additional milling contracts and COiltraCt pstmsioti<+ :k 

. Post-1963 qm 
ce of $8.00 per pouo 
most of remaining 

mP. operates a 

1 Since issuance of this statement the contracts with Iiermac Nuclear 

The price will avera&e $7.1S per pound for approsimatelF 13,877,000 pounds 
The remaining 17,150,000 pd 

Variation from the  $8.00 price ear1T tk 
due chiefly to stretch-out or deferral O f  pre1962 Production Into tb 

494 

2 7 r , F i  I 1 . L  
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tracts completed in accordance with the November 24, 1958 an- 

several provisions in common applicable to the post-1962 
963 through December 31, 19titi). The ores to be treated will 
operties designated in the contracts, including both company- 
dent ores. The contracts give the Comniission the option of 

thlke specified quantities of UaOs produced by independent mine 
'J' eli,"ible properties. Subject to suitable license arrangements, 

restrictions on commercial sales by the milling companies abore 
be sold to the Commission. 

,Tith July 1, 1960, the aggregate quantity of UIOa in concentrates 
contracted for under all outstanding contracts is approximately 

UsOe, of which 74,307,000 pounds are scheduled for  delivery 
d 116,367,000 pounds in the post-19G2 period. Estimated 

n t  is $1,552,800,000 of which .$621,300,000 will fall in the 
31,500,000 in the post-lyG2 period. The foregoing figures 
a1 purchases which will result from contract extensions 

'*' 

is a summary of the approshiate quantities and prices involved in 
contracts. The quantities indicated and total costs may be affected 
mining properties to produce the requisite amount of ore to fulfill 

STENDED IN ACCORDANCE WITH NOVEMBEE 24, 1958 ANNOUNCEMENT 

co., operates a 3,000 ton-a-day processing mill in the Grants, N. 
The current contract extends through December 31, 1966. There 

5,250,000 pounds of U3OS to be delivered between July 
April 1, 1962, at a unit price of $8.79 per pound. Post-1962 quantity 

k=*dfor is 10,708,500 pounds of Us08 at a unit price of $8.00 per pound. 
f remaining contract quantity from July 1, 1960 is approximately 

puniurn Co., operates a 330 ton-a-day processing mill at Grand Junc- 
. This contract was effective August 1, 1960 arid extends through 
31,1966. There remained approximately 1,036,700 pounds of UsOa to 

between August 1, 1960 and April 1, 1962, a t  a unit price of $8.00 
Post-1962 quantity contracted for is 1,560,800 pounds of UaOa at a 

of remaining contract quantity from August 1, 1960 is approxi- 

operates a 200-ton-a-day processing mill at Canon City, Colo. 
from March 1, 1960 through February 28, 1965. There remained 

tely 898,000 pounds of U30s to be delivered between July 1, 1960 
1,1962, at a unit price of $8.62 per pound. Post-1962 quantity con- 

tor is 1,503,100 pounds of UsOs at a unit price of $8.00 per pound. Total 
remaining contract quantity from July 1, 1960, is approximately 

iW Co., operates a 4-00-ton-a-day processing mill at Ford, Wash. 
contract extends through December 31, 1966. There remained a p  
999,200 pounds of U3OS to be delivered between July 1, 1960 and 

of $9.27 per pound. The post-1962 quantity con- 
is 2,610,400 pounds of &Os at  a a n i t  price of $8.00 per pound. Total 
mining contract quantity from July 1, 1960, is approximately 

+ 

nnunl quotas, and 

ltract extensions- tlw 3 
-0visions. 

In, wso., have 
Following fs a summa 
Itrncts : 

ing 17,150,Ooo F'au 
) price enrlr in the 

ive of June 1. lprc'- 
00 pounds of Cs"* 

, 0 3 , 0 ~ ~  

4.00 per pound- 

of 

.nit price of $*A'" F 
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FederaZ-Radorock-Gus Hills Partlters, operates a 5m-to 
at Premont CountF, Wyo., with a contract extending through net 
There remained approximately 1,363.200 PUnds Of v308 to be fie 
July 1, 1960 and April 1, 1962, at a unit price of $8.15 per pound, 
quantity contracted fo r  is 3,700,200 pounds of U,OS at a 
pound. Total cost of remaining contract wan t i t r  from 
mately $41,000,000. 

Wyo., with a contract extending through December 31, 1966. 
approximately 1,135,800 pounds of U308 to be delivered between jUl 
April 1, 1962, at a unit price of $8.30 Per pound. Post-1962 quantieS ,-~ 
for is 3,091,000 pounds of U30,  a t  n unit price of SS.00 per Dound 
of remaining contract quantity from July 1, 1960 is approri~lateii 

G24?1?2iS@Z Mining Co., operates a 200-ton-a-day processing 
Colo. This contract extends through December 31, 1962. There 
proximately 823,200 pounds of USOS to be delivered between 
July 1, 1962, at R unit price of $9.19 per pound. The pre-lC)62 
to July 1, 1962 due to stretch-out. The Wantits  contracted for bet 
1962 and December 31, 1962, is 205,800 pounds a t  a price of s8.01) 
Total cost of remaining contract quantity is approximately $ 9 , 2 0 0 , ~ ~  

Homestake-Xapin Partners ,  operate a 1,500-hn-a-day promsin 
Grants, N. Mex., with a contract extending through December 31, 
remained approximately 4,020,600 pounds Of U J h  to be delivered 
1, 1960 and April 1, 1962, at a unit price of $8.00 per pound. 
contracted for  is 10,680,000 pounds of P& a t  a unit price 
Total cost of remaining contract quantity from July 1, 1960, is appm 

Kerr-McGee Oil Industries, I?% Operates a 3W-ton-a-day procys,ssing 

Globe Mining Co.,  operates a 490-ton-z-day Processing mill in xatrc,nft 

$118,000,o0o. 

Shiprock, N. Mes. The current contract runs from November 1, 
June 30, 1065. 
delivered between July 1, 19f iO and April 1, 1962, at a unit price d 
pound, Post-1962 quantity contracted for is 872,700 poun mill contract: 
$8.00 per pound. Total cost of remaining contract quantit 
approximately $14,500,000. subject to est: 

Petrotowzics Co., operates in the Shirley Basin Area of Wsomi AI1 of these c 

tract, signed on August 12, 1960 extends through December 31. 
vides for  the purchase of 1,024,000 pounds of UJOa cont 
the pre-1962 period, and for the purchase of U308 in concentrate 
1962 period. The Petrotomics Co. may, at its option in the poSt 
build a mill for the production of uranium concentrates or make a 
with existing mills for the treatment of i ts  ore. In  the pOst-1m 
has contracted to buy a total of 3,158,509 pounds of UaOs in conm 
unit price of $8.00 per pound . Total cost of the contract quanu& 
concentrate is approximately $25,000,000. 

N. Mesa, and with a contract extending through December 31* 
remained approximately 5,S(Sl,700 pounds of UJOs to be del iw-4 
1960 and April 1, 1962, at a unit price of $7.75 per Poun 
contracted for  is 13,345.600 pounds of U308, including the 
the pre-1962 period. The average unit price will be $7.96 Pr pad 
stretch-out. Total cost of remaining contract cluantitr Jul.r 

approximately $152,000,000. 

There remained approximately 9a,200 po 

P71 illips Pctrolcim. Go., operates a 1.72.5 ton-a-day Processing mifl SZ 
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a,t,fi-vestern, Inc., now building a new 200 ton-n-day processing mill 

Ter. This contract was executed July 25,19so, and runs through 
31, 1066. Starting with the opening of the mill, pre-1963 contract 
337,5(Ml pounds of U308 a t  a unit price of $9.90 per pound. Post-1962 

is tracted for is 1,317,400 pounds of UJOB at a unit price of $8.00 per 
@st of entire contract quantity is approximately $13,300,000. 

8eduction Co., operates a 1,;m ton-a-day processing mill at Moab, 
a contract extending through December 31,1966. There remained 
6,175,500 pounds of &Os to be delivered between July 1, 1960 and 
t a unit price subject to upward or  downward changes in accord- ; acentive-type formula. The current price is $8.15 per pound. 

BntitY contracted for is 14,773,000 pounds of USOs at a unit price of 
pond. Total cost of remaining contract quantity from July 1, 1960, is 

onst,-&un and Mining 00. (formerly Lucky Nc Uranium Gorp.), 
cessing mill in Fremont County, Wyo. This contract 

ugh December 31, 1966. There remained approximately 2,961,400 
o8 to be delivered between July 1, 1960 and April 1, 1962, at a unit 

F . ~  per pound. Post-1962 quantity contracted for  is 8,432,700 pounds 

rt wit price of $8.00 per pound. Total cost of remaining contract 
J U ~ Y  1,1960 is approximately $91,OOO,0oO. 

%clear O:orP., operates an  845 ton-a-day processing mill at Jeffrey 
There 

pprosimately 2,828,600 pounds of U30e to be delivered between July 
&dl 1,19@2, at a unit price of $7.72 per pound. Post-1962 quantity 
for is 8,526,900 Pounds Of Udh, at a unit price of $8.00 per pound. 
of remaining contract quantity from July 1, 1960, is approximately 

:ed for b e t w m  

ely $ O , Z a O , ~ .  
ay processing tp~m 

delivered beta 

rice of %S.W IRT- 
, 1060, is arrprctrr 

tract running through December 31, 1966. 

R E M ~ I N ~  CONTRACTS ovember 1, lf)r,9 t 
0 pounds of UKk 
L unit price of Wm 
bounds at a Dnit  

te quantities and prices are given in the following summaries of 
miu contracts for the twelve contracts under review. Except as 
noted, the prices stated in the following contracts are base prices 

a ~ ~ ~ b j e c t  to escalation up or down depending on the grade of ore fed 
911 of these contracts require the milling companies to accept certain 

enable ore from independent producers. 
w Heaico Partners, operates a 750 ton-a-day processing mill in 

, area. The current contract extends through March 31, 
ed approximately 3,459,600 pounds of UsOs to be delivered 
and April 1,1962 at a unit price of $8.31 per pound. Total 

hing contract quantity from July 1, 1960, is approximately 

kar Fuels Corg.,l a combine of four companies (Kerr-McGee Oil 
C, Pacific Uranium Mines Go., Anderson Development Corp., and 

ranium Corp.) , operates a 3,300 ton-a-day processing mill in the 
w Mexico with a contract extending through December 31,1966. 

approximately 16,269,000 pounds of UIOI to be delivered between 
d April 1, 1962 at a unit price of $7.46 per pound. Post-1962 

for is approximately 21,375,000 pounds of UIOI at a unit 
Per pound. Total cost of remaining contract quanti@ from July 

tely $292,000,ooO. 

of wyoming. m@ 
ft cember 31, 
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Lakeview Mining Co., operates a 210 ton-a-day processing mill 
Oreg., with a contract extending through November 30, 1963. There rt! 
approximately 805,000 pounds of Z;sOS t o  be delivered between J 

April 1, 1962 at a fixed unit price of $9.27 per pound for 
ores. Post-1962 quantity contracted for is 766,600 pounds of ca0 
price of $8.00 per pound. Total cost of remaining contract quantitS f t o ~  
I, 1960 is approximately $13,600,000. 

~ i n e s  Devezopment, Inc., operates a 400 ton-a-day processing mill at E 
S. Dak., with a contract extending through March 31, 1962. There ~~ 

approximately 938,600 pounds of D308 t o  be delivered between J 

April 1, 1962 a t  a unit price of $9.87 per yound. Total cost o 
quantity from July 1,1960 is apProsimatelY $9,300,000. 

Tuba City, Ariz. This contract extends through &larch 31, 1 9 ~  
main& approximately 1,096,000 pounds Of u3OS to be delivered 
1960 and April 1, 1962 a t  a unit price subject to upward or downward t' 
in accordance with a n  incentive-type formula. The current pri 
pound. Total cost of remaining Contract quantity from July 1, lgw 
mately $11,700,000. 

ton, Wyo., with a contract extending through October 31, 1yti3 
mained approximately 1,435,000 pounds of U30s to be delivered 
1960 and April 1, 1962, at a unit price of $8.74 per pound. Post-1gC2 
contracted for  is 1,298,300 pounds of USOS at a unit price of ,$h.&j 
Total cost of remaining contract quantity from July 1, 1960 is approxi 

Rare Metals Corp. of America, operates 8 300 ton-a-day proeessin 

Busquehanna-Western, Inc.; operates a 500 ton-a-day processing mill a 

$22,900,000. 
Temas-Zinc Minerals Corp., operates a 1,OOO ton-a-day process 

ican Hat, Utah. This contract extends through December 31, 1066. 
mained approximately 3,097,500 pounds of &OS to  be delivered 
1960 and April 1, 1962, at a unit  price of $8.95 per pound. Post-lm 
contracted for is 8,407,500 pounds of Us08 at a unit price of $8.00 
Total cost of remaining contract quantity from July 1, 1960 is appr 
$95,000,000. 

Trace EEements Cwp . ,  operates a 300 ton-a-day processing mill at 
Colo., with a contract extending through March 31, 1962. There 
approximately 1,235,500 pounds of UsOS to be delivered between 
April 1,1962, at a unit price of $9.29 per pound. Total cost of re 
quantity from July 1, 1960 is approximately $11,700,000. 

Union Carhide Nuclear Go., operates a 1,000 ton-a-day proces 
Colo., with a contract extending through Narch 31, 1962. There 
approximately 5,772,800 pounds of U3OS to be delivered betwee 
April 1, 1962, at  a unit price of $9.65 per pound. Total cost of remakW 
t ract  quantity from July 1, 1960 is approximately $56,000,000. 

Union Carbide Nuclear Co., operates a 1,000 ton-a-day procmi 
Uravan, Colo., with a contract extending through March 31, l%X- 
mained appro rim at el^ 2,490,500 pounds of U308 to be delirer 
1960 and April 1, 1962, a t  a unit  price of $9.65 per pound. Total 
maining eontract quantity from July 1, 1960 is approximate1 

rango, Colo. This contract extends through March 31, 1962. 'Rim 
approximately 1,750,000 pounds of UIOs to be delivered betw 

Fanadium Corp. of America, operates a 750-ton-a-day Processin= mi 

1 See footnote on page 494. 
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xed unit price of $8.02 per pound. Total cost of remaining 
om July 1, 1960 is approximately $14,000,000. 

i m ~  CO., operates a 600 ton-a-day processing mill at Salt Lake City, 
ontract extending through March 31, 1962. There remained 

1,403,100 pounds of Us08 to be delivered between July 1, 1960 and 
at a unit price of $9.69 per pound. Total cost of remaining con- 

t9 from July 1, 1960 is approximately $13,600,000. 

ost of reniAi?iiM 
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@ge point of na tu ra  
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STATUS Ah?) PROSPECTS O F  G A S  CEKTRIFUGE T E C ~  

Statement by  John A .  McCon.e, Chairman 

After careful study and discussions with many qualified scientist,s 
gas centrifuge process, it is my conclusion that practical use 

any nation for producing weapons material is several years a\T.ay. TL 
enormous amount of development work still to be done. We forescte 
centrifuge ultimately can be used to separate uranium 235 from urania 
produce weapons-Uade materials. 
present technology. We do not think that  the problems that renlai 
but they certainly will take time to Solve. 

uirement for fewt 
of future  development it will take thousands of gas centrifuge nlarhim 

ity installations. duce material for  weapons. With auxiliaries, these machines might ~~~ 

fuge Process has thousand dollars each. 
A country that  is adyanced scientifically and industrially would requi 

being equal. This me her of years-perhaps as many as eight-to Perfect the gas centrifuze to 
%There i t  could prodwe enough material for a nuclear weapon. lRKq ae separative work 
ized countries mill take much longer : the period of time depends urmn hRh 

, enthusiasm rises f( outside assistance they receive. 
isotopes. I n  at lea R'e do not mininlize the potential importance of this process, hnap 

though the gas centrifuge does not pose an immediate prospec 
weapons material, there is no doubt in my mind it will introdw ble improvement in 
complicating factor in the problems of nuclear arms anlong nations 

FOB WEAPONB MATEBD for controlled disarmament. If successf Ully developed, a produc 
the gas centrifuge method could be simply housed. Its power requir 
be relatiwly small, and there would be no effects of the operation by the Commission 
easily disclose the plant. Therefore, a clandestine plant would 
detect as a gaseous diffusion plant. a production plant 

The attached comprehensire report by the Commission on the ms 
process has been prepared to elaborate further on this matter and u, These machines are 
better perspective. ter substantial h p r ,  

&ble advantages 01 
But this cannot be done satis 

This process will not be simple nor cheap. Apparently, as we Rw ~ 

probably would be 
AEC Report o n  s ta t im o f  Gas Centrifuge Technolom 

m e  follo\ving report on the status of tWhnOlofiT on the F a S  cent 
for the separation of isotopes discusses the Principle of the mS 
the possible advantages of this process and its Possible use in the 
of weapons material. The report also outlines the dereloPment 
b r  the United States and other Countries and lists Some Of the pdm 
still must be solved. 

I. PRINCIPLE OF THE Gas  CENTBIFUGE 

States, the time 1 
Waged in  centrifug 

sible with the currer! 

The theory of the gas centrifuge process is to pass uranium in 
(uranium hexafluoride) through a centrifuge which spins at 

500 

5 ? n ! g 8 8  
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ht difPerence in the weight Of the uranium 238 and uranium 235 
ently, it is theoretically possible to separate these isotopes 

dn 
cream from milk by centrifugation. It must be 

bowever, that although the Same principle is involved, the gas 
plex than the “cream separator” or other 

oranium 235 portion of natural uranium (Urn) is fissionable 
ses. Uranium 235 constitutes only 0.7 of 
ium. The other 99.3 percent of uranium 

weapons. Therefore, it is necessary to separate the uranium 

dig 

ble of the gas centrifuge method, as compared with 
for uranium isotope separation, are 

rifuge plant for electric power and its 
series in order to produce the desired 

, it appears to be particularly well suited 

teresting theoretical property that the 
ies with the fourth power of the speed, all other 

doubling the speed would, in theory, 
weapon. hai. performed by the unit by a factor of 16. 

n materials of construction and equip 
lication of this process to the separation 

st one respect this is a desirable situation since 
eveloped for uranium 235 separation as a step 

is prows.  hctlspripf* 

ble improvement in the economics of nuclear power. 
(ong nations and 
, a producticrn plan: TEAPONS MA:~TE~IAL 

the Commission of available information on the gas centrifuge 
both here and abroad indicates that these machines cannot now 
production plant without further development work. So far, 

d t s  hare been operated only as single laboratory models for isotope 
hese machines are complex and expensive. 
substantial improvement have been made, thousands of gas 
bably would be required to produce enough enriched uranium 
Teapon per year. Including auxiliaries, a plant of this type 

men1 thousand dollars per centrifuge. Compared with development 
od would be much longer for a cowtry not 

ged in centrifuge research and development and not having 

nt would not tw as 

sion on the 
s matter nail to 

Tech t l d W Y  

, the gas ceatrif- 
ple of the 
sible use in  thr If w ~ ~ c e d  technical and industrial capability. 

in which problems still must be solved before a satisfactory 

Of the present experimental machines for continuouEi, long 

the machine satisfactory for masS production of identical nnih 

trifuges include : 

ride must be proved out. 
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(3) A method must be developed to provide for the introduction 

of gas when the machines are grouped as would be necessary in a 
tion plant 

operations have to be determined. 
(4) The auxiliary processes, services and imdm-menhtion neCeSSa 

Xone of these problems is simple to Solve. Excellent technical and 
trial talent are required. 

v. DEVELOPMENT WORK BY UNITED STATES 

The United States has followed development Of this Process for ~ $ ,  

The gas centrifuge was one of the methods investigated during world 
Development work on the centrifuge method had not Progressed so far 
methods when it became necessary to select the processes to b 
tion plants. The United States temporarily discontinued work 
and went ahead with gaseous diffusion, thermal diffusion and 
magnetic methods for production Of UraIliUIU 235. 

Although the United States ultimately continued to em 
diffusion method as the most economical process available, the 
not lost sight of the gas centrifuge’s pussibillties. The AEC res 
the centrifuge method in 1953 and expanded this work gradn 
nology advanced. Most of the Commission’s research work 
out at the University of Virginia. 

praisals of the economic attractiveness of this method for the 
uranium 335. The Commission has recently increased the u 
on the development of the centrifuge program. It is now expected 
total effort will be at a level of roughly $2 to $3 millions per Fern. 
of its potential significance to production of weapons materials, how 
program is classified. 

The technology of centrifuge separation is not now developed 
where this process can produce uranium 235 at a cost compet&iye 

projections of possible gains in the gas centrifuge process indicate & 
bility that the process may become attractive from the 
in the future. However, this would require very substantial fur 
in the technology. In  this country, the gaseous diffus 
the most economical process for large-scale production of uraninm 
time. pie, it is possible 

Since there has been considerable commercial interest espr 
ble industrial application of the gas centrifuge process to the 
economic nuclear power, the Commission has approved a 
which private industry in the United States will be permitt 
the centrifuge process with private funds, under appropriate c0 

the disseminat 

m~ METHODS FOB p 

are already two 1 

mese proven met1 
emicbed uranium ai 

nuclear Powers, 
don, have built 

As the technology advances, it will be possible to make more 

cal power. For T 

r example, W€ 
. product from AEC’s current gaseous diffusion plants. On the first nuclear d 

to P~WIUW one 

In  order to 

Or it must recc 
security. 

VI. WORK IN OTHEB COUNTRIES 

Scientists in West Germany and the Netherlands also have 
develop the potential of the gas centrifuge process for 
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ommercial possibilities. Thex hare been particularly inter- 

Bad ‘tential of the centrifuge for  the production of low enriched 

resentatires of the Department of State and of the Atomic 
ission discussed centrifuge technology with the West German 

Governments and the United States asked that Germany 
getberlands gire consideration to the control of gas cen- 

The two countries shared the concern of the United 
possible application of the centrifuge process for weapons 

eman Government recently announced that it has taken steps 
dimmination of information on the gas centrifuge process. 

derstands that the Netherlands Government is actively 

Sates also discussed the gas centrifuge question with the 
m e  United Kingdom follows classification criteria simi- 

research and power reactors. 

question of applying controls to its work 

om. 
a e  United States on the gas centrifuge process. 

H ~ ~ O D S  FOX PBODUCIRG ??IGSIONABLE &fATERIAL 

swadY two methods-available today-to produce weapons ma- 
w proven methods are (1) the gaseous diffusion method of pro- 
d uranium and (2) the use of reactors, which produce plutonium. 

rs, the United States, the United Kingdom and the 
have built gaseous diffusion plants to produce uranium 235 

purposes. In each case this has been a very costly undertaking 
the technology has been held very secret. Gaseous diffusion 

substantial capacity and require very large amounts 
. For various reasons, it is unattractive for many con- 
th the necessary effort to build even a small gaseous dif- 

r example, while planning to build a gaseous diffusion plant, 
r device from plutonium produced in reactors fueled 

to the production of plutonium in reactors has been 
hated in the course of the program for the development of the 
of the atom, and this technology could be used to assist any 

ible €or a country to develop a plutonium production 
ee one crude weapon per year with an investment on 

of plutonium technology, the additional development work 
ion of a small plutonium production complex would not be 

task In order to accomplish this within a period of fonr to five 
b’ must have a substantial technical and industrial capabilltg 

eceive assistance from a country that has su& a 

make more %tiek 
d for the spmrrtg 
the United S b h  
: now ex- 
lions per year. 
materials, h m  

,w developed tr, I 
ost competi tire 
ts. On the ot 

attaining a weapons capability. 

ktw has supported broad international 
I as well as any other nuclear material 

8, are not diverted to weapons UBW. 

safeguards to insnre 
used or produced in 



The General Conference of the International Atomic Ener 
met in Vienna in September, endorsed proposed safeguard 
actors and special nuclear materials that will be Subjected t 
The principle of these safeguards can be extended to aPDIS tc, 
centrifuge. 

The United States also has sought agreement among SUpFlier 
natural uranium to control international traffic in this ma~r i8 i ' a ' , ~  
that it will be used only for peaceful Purposes. Orer 
agreements for  cooperation in civil uses of atomic energy, the 
has obtained guarantees from its cooperating partners that any 
equipment received or  produced as 8 result of such Cooperation ui!* 
used for military purposes. The United States has been give n righ * 
spection in order to assure that these guarantees are met. 
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ci,3fJrrssIo$s FIXANCIAL REPORT FOR FISCAL TEAR 1960 

O w ~ M  FOR CHAIRMAN McCONE 
COMMISSIONER GRAHAM 
COMMISSIONER WILSON 
COMMISSIONER OLSON 

i send  Financial Report of the Atomic Energy Commission for fiscal 
60 is transmitted herewith. The report contains financial statements 
forth the financial position of AEC at June 30, 1960, the results of 
as for fiscal year 1960 and other unclassified financial information. 
financial statements have been independently examined and certified 
AEC internal audit staff. 

UNITED STATES 

ATOMIC ENERGY COMM ISSlON 
WASHINGTON 25. D. C. 

September 30, 1960 

DON S. BURROWS 
Controller 
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meent md’prod*wtion of nuclear materials continue to provide the major portion 
tliese activities cost $1.4 billion or 55 per cent of AEC’s total 

ent of power and propulsion reactors and other reactor research cost $399 
1960. Costs in 1959 were $356 million. 

of AEC’S efforts to develop Peaceful uses of atomic energy is indicated by 
in the value of materials leased domestically and to foreign organizations. 

$99 million compared to $72 million in 1959. 

Lpst of physical research amounted to $133 million in 1960. Of this amount $32 
d thermonuclear research, and $32 million was for highenergy 

ts of radiation in the environment-air, land, and water-on living organfsms 
to be studied. In 1960 costs for this research totaled $49 million. Coats in 

&mal plant now under construction or  authorized totaled $1.2 billion. 
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MILLIONS OF DOLLARS 

-1 
1500 
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0 
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0 
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Fh 

ms 
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UNITED STATES ATOMIC 
COMPARATIVE 

(in thousands) 

$1,483.389 $1.510.056 

.__ -nM OTHER FEDERAL AGENCIES 105.129 166.196 

CONTRACTORS 27,812 29,958 

CEIVABLE (less allowance for uncollectible * r5m 
$80 thou& in 1960 and $183 thousand in 

16.906 12.246 

June 30, 1960 June 30, 1959 

-dated depreciation 

.-. - ~ F R  FEDERAL AGENCIES 10.491 4.821 

leased 'and at research 
459,326 402,390 
102,940 111,934 

~ l p d  $11 million in 1959) 93,953 91,546 
9.864 8.634 

4*@ -tor material 
I wm allowance for loss of $12 million in 

19;91o 

685,993 

18,050 

632,354 

&plant and equipment 7,018,062 7,043,027 
2,005,589 1,900,265 

5,012,473 5,142,762 

REACTOR DE-- w0rk.h progress 

& OTHER RES€- 
326,689 249,757 

5,339,162 5,392,519 

45,080 43,287 

$7,740,629 $7,764,770 
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ENERGY COMMISSION 
BALANCE SHEET 

LIABILITIES AND AEC EQUIN 

~ 
P 

~ 

LIABILITIES 
Accounts payable and accrued expenses 
Advances from other Federal agencies 
Funds held for others 
Deferred credits 

TOTAL LXAl3ILI"IES 

AEC EQUITY, JULY 1 

Additions 
Funds appropriated -net 
Nonreimbursable transfers from other Federal 

agencies 

Deductions 
Net cost of operations 
Less -Costs charged to inventories of source and 

nuclear materials leased and at research 
installations 

Nonreimbursable transfers to other Federal agencies 
Funds returned to U. S. Treasury 

AEC EQUITY, JUNE 30 

'IVTAL LLABILITXES AND AEC EQUITY 

$ 262,975 
91,547 
9,747 
1,784 

366,053 

7,363,566 
z 

2,649,614 

3,187 

2,652,801 

2,665,654 

84,384 

2,581,270 

m,448 
73 

2,641,791 

7,374,576 

$7,740,629 

The notes on the following page are  an integral part of this statement. 

L w r  provisions of Secti 
&Uvev of domestic u: 

d m m  prices for uranii 
@ 1, 1962 to Decembe 
gj per pound has been E 

pad before Decembe 
& 1966 for the purc 

Oversea sources. TL 
g-30, 1960. 

j@wnitments under Sectic 
nuclear material 

-t of the commitmen 
established for the 

&t~ered by domestic licer 

t&C&nding contracts, pur 
rbtfCPtfons of 8 944 million 



2,975 
1;547 
9,741 
1,784 

6,053 

- 
- 

j3,566 - 
49,614 

3 187 L 

52,801 - 
65,654 

84,384 

i8 1,270 

60.44 
73 

141,791 

374,576 
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NOTES TO THE BALANCE SHEET 

beet does not include in assets: 

menmfies for security reasons. 

Ounces of silver loaned to AEC by the Treasurer of the United States for 
ed on market quotations at June 30, 1960, this 

other Federal agencies at June 30, 1960 amounting to 

d m s  agoinst others of $1.1 million. 

eet does not include in liabilities: 

ontracte for the supply of electric power for the Oak 
, and Portsmouth production facilities. If cancellation notice had been 
, 1960, the estimated liabilities would have amounted to $316 million. 

Upbflities as guarantor of loans to the extent of $65 million. 

t the Federal government o r  AEC contractors of 

d-enu for accrued annual leave of AEC employees of $6.6 million. 

for payment of involuntary termination allowances to employees of the 
terminated at June 30, 1960, the estimated 

@ m i d  have amounted to $652 thousand. 

of Section 66 of the Atomic Energy Act of IQM, AEC has contracts for 
of domestic Uranium concentrates through March 31, 1962,and has guaranteed e prlces for uranium ores through?darch31,1962 and concentrates for the period 

1862 to December 31, 1966. Subject to certain specified limitations, a price of 
U,08 in concentrates delivered after March 31, 

e Commission also has long-term commitments 
concentrates and orange oxide from Canadian 

mrBepB sources. The commitments for procurement of urauium totaled $ 2.9 billion 

-bents under Section 52 of the Atomic Energy Act of 1954 for the acquisition of 
nuclear material within o r  under the jurisdiction of the United States. The 

d of the commitments is $8 million at June 30, 1960, based upon estimates (at the 
established for the period ending June 30, 1963) of plutonium to be produced and 

m e e d  by domestic licensees during the periodforwhich prices have been established. - 

ambding contracts, purchase orders, and other commitments represented by unpaid 
-rta of $944 million. 
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c 

Production 
Procurement of raw materials 
production of nuclear materials 
Weapons development and fabrication 

Development of nuclear reactors 
civilian nuclear power development 
.Naval propulsion 
Aircfdt propulsion 
Missile propulsion 
Auxiliary power sources 
Army reactor6 
Merchant ships 
General research and development 

Research 
Physical research 
Biology and medicine research 
peaceful application of nuclear explosives 
Isotope development 

Community Operations 
Expenses 
Revenues 

Sales of materials and services 
c o s t  
Revenue 

Education and training 
AEC administrative expenses 
Security investigstions 
Other expenses-net 

Net cost of operations. 

Special Items 
Transfer of community property 
Adjustments to costs of pr ior  year -net 

Net cost of operations-after speciol items 

$ 716,507 
731,348 
505,448 

1,953,303 

117,786 

69,687 
31,777 
11,460 
l l ,Q65 

' 7,424 
60,334 

399,252 

88,799 

132,845 

6,392 
3,808 

191,923 

48,878 

17,582 
(10,492) 

7,090 

12,192 
(14,726) 

(2,534) 

7,675 
51,197 
7,057 
4,180 

2,619,143 
- 

43,958 
2 553 A 

FIKAISC 

u * 
IN T 

Defense Researc 
of Scientific Resea 

Department (includin oflice 

w;iscd year  1943 
fiscal year 1944 

year 1945 

Fiscal year 1947 -part 
Fiscal ye= 1946 

Mamie E n e r n  Commissic 
e a r  1947-part 

'ear 1948 
;ear 1949 

~ f s c a l  year 1950 
nscd year 1951 
fiscal year 1952 
fiscal year 1953 
F , S ~  year 1954 
Fiscal year 1955 
 gal year 1956 
p l ~ d  year 1957 
fiscal year 1958 
fiscal year 1959 
~ 1 ~ c a . l  year 1960 

 TO^ payments -net 

-&ed balance of funds i 

Total funds  appropriate 

kp 30, 1960* 

ons paid to U. S. Trt 
ty and services  t rans  

r f W t  reimbursement, n, 
aber Federal agencies 

f3n of operations including 
&urn June 1940 through JL 

WitJr Pt June 30, 1960 a: 

*bWriat ions  of $2.664 m. 
thludea $7.2 millloo net tr 
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~ U. S. GOVERNMENT IKVESTMENT 
1s T H E  ATOMIC ENERGY PROGRAM 

From June 1940 through June 1960 i 
Amount 

(in millions) 

.5 
14.6 

77.1 
730.3 
858.6 
366.3 
186.0 

$ 2,233.4 
86 
‘99 
187 
1’17 
480 
885 
424 
534 

,252 
- 
- 

,,e45 
1,878 
k.392 
5,808 

1,923 
- 
- 

7,582 
.0,492) - 
7,090 

12,192 
‘14 7261 i 

I 

7,675 
51,187 
7 ,O 57 
4,180 

,619,143 

(2 554) 

43,958 
2,553 

146.1 
477.6 
627.3 
534.3 
920.5 

1,669.4 
1,812.7 
1,930.5 
1,861.8 
1,633.4 
1,931.3 
2,267.9 
2,541.1 
2,622.8 

20,976.7 

23,210.1 

1 4  balance of funds in U. S. Treasury 
p s ,  1960. 

T w l  funds appropriated 

1,510.1 

24.720.2 t 

54.1 d to U. S. Treasury 
services transferred to other Federal agencies 

reimbursement, net of such transfers received from 
 sat^ Federal agencies 145.0 

17,146.5 
operations lncludlng depreciatlon and obsolescence 
June 1940 through June 30, 1960 

17 345.6 

‘mIlatrons of $2,664 million for fiscal year 1961 were approved September 2. 1960. 
‘Skklss $1.2 million net transfers from AEC appropriatlons to other Federal agencies. 

‘I 
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Operations 

PROCUREMENT OF RAW MATERIALS 

UrPnfum and other raw materials procured in fiscal year 1960 cost $717 miuoa ~ 

wfth $700 million in 1959. \ 

URANIUM CONCENTRATES (U3$) 

The total quantity of uranium concentrates purchased fn fiscal year 1960 increw I 
mer 1950. Foreign purchases remained at the 1959 level butdomesticpurch;rs 
9 per cent. The average cost of V,08 decreased 15 Cents 

m% \ $10.18 per p w d .  

The costa shown above represent all costs incurred b b e  Commission in 
procurement of uranium concentrates, including bonus payments to minerJ foi 
production of ore. The prices paid to euppliers for US% Produced in privately o m  
mWs averaged $8.78 per pound in fiscal Ye;r r  l960;ra compared with $9.18 in 5a 
The chart below shows the cost and quantities Of UsO, procured in fiscal yearn 19% 
1960. 

aa 
e 
ra 

PROCUREMENT 
MILLIONS OF DOLURS THOUSANDS OF T W  
1016 a 

889 

762 

635 

5oa 

381 

254 

127 

0 

FIN AECIA 

DEVELOPMI 

WWI 

100 
c 

..... .......... .......... .......... 
0 

1951 52 

k&k below compares the c 
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DUCTION OF SPECIAL NUCLEAR MATERIALS 

oi 
- I d  I 

5 for P 

FS- @mction continued to decrease in 1960. 

p&ction of special nuclear materials including uranium-235, plutonium,*and 
meet the weapons production s c h w e ,  other military needs, and the re- 

eacefUl uses of atomic energy increased in 1960 to $731 million compared 
fn 1959, IUI increase of 2.5 per cent. Although the total cost increased, the 

+dP'ody 

WEAPONS DEVELOPMENT AND FABRICATION 

&velopment and fabrication of weapons, weapons parts, weapons storage, surveil- 
related activities, was $505 million in fiscal year 1960 as compared with 
4 year 1959. These amountsexcludethe cost of source and special nuclear 

p z z e d  in weapons or used in weapons research. The investment in completed 
Odment for weapons production, research, and storage at June 30, 1960 was $803 

REACTOR DEVELOPMENT 
- lergy Commission continued to develop nuclear reactors for both military and 

The total Cost in 1960 amounted to $399 million compared with $556 million in 
chart shows the growth in reactor development from 1951 thmugh 1960. e 

~ ~ ~ ~ " l l O P M t W T  OF NUCLEAR REACTORS 
ULLIOWS OF DOLLARS 
roo 

..... ...... ...... ...... ...... OTHER ,- ..*..- - A ...... 

100 n- 

Mow compares the cost of reactor development in 1951 with 1960. 

t 1960 1951 

515 

- u (in millions) 

$118 $ 3 
10 

Civilian 
Military 213 30 I 
Other 68 11 
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CIVILIAN NUCLEAR 

Pressurized light 

Boiling light water 
Heavy water 
Organic moderated 
Gas cooled 
Sodium cooled 
Fluid fuel 
Other studies & 

development 

Total 

POWER REACTORS 

water $ 125.0 
39.8 
36.4 
23.9 
32.3 
111.1 
102.9 

4.3 

475.7 

ARMY REACTORS 
Pressurized water 
Boiling water 
Gas cooled 
Other studies & 

development 

Total 

MERCHANT SHIP 
REACTORS 

AIRCRAFT REACTORS 
Manned Aircraft 

Direct cycle 
Indirect cycle 
Other studies & 

development 

Total 

7.0 
3.4 
19.0 

2.9 

32.3 

14.6 

220.4 
156.7 

24.2 

401.3 

$ 22.1 $ 26.1 
10.5 5.0 
17.9 10.8 
8.4 6.1 
19.0 9.5 
27.5 24.3 
10.0 21.6 

2.4 1.0 

117.8 105.3 
-- 
-- 

2.6 1.7 
1.0 .8 
6.8 6.4 

1.6 .5 -- 
12.0 9.4 -- 

7.4 4.7 -- 

42.6 50.3 
22.8 17.0 

4.3 4.5 

69.7 71.8 
-__. 

-- 

$ 50.0 
9.4 
23.3 
3.4 
5.2 
35.3 
4.1 

2.6 

133.3 
- 

3.1 
1.7 
1.7 

.8 

7.3 

14.7 

31.6 
.9 

5.5 

38.0 

$ 25.0 
27.1 

11.6 
24.0 
26.9 

.1 

3.9 

126.5 

7.1 

- - 
6.5 

.3  

.8 

.2 

7.8 
2_ - 
11.6 - 

17.9 

17.8 - 

REACTOR [ 

Cum: 
thr 

June I 

PROPULSION 

LIQf et (project Pluto) - G o  ject Rover) $ 

=actor develop- 
$2, costs 

*wbdes AEC depreciatlor 
?Equipment has not been a1 



25.0 
27.1 

11.6 
24.8 
26.9 

-1 

3.9 

126.5 

7.1 

- - 
6.5 

.3 

.8 

.2 

7.8 
- - 

11.0 - 

17.9 

17.9 
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REACTOR DEVELOPMENT COST SUMMARY (CONTI NUEDl 

Research and 
Development Costs* Capital Costst 

‘mmulative Fiscal Fiscal Cumulative Additional 
through Year Year through Construction 

- /j-- 

June 30, 1960 1960 1959 June 30, 1960 Authorized Total 

(an millions) 

24.4 

327.1 

117.6 

11.4 
42.8 

57.9 

556.8 

437.3 eauL 
-tor develop- 

$2,026.3 - m%@ 

$ 15.4 $ 14.0 
16.3 8.8 -- 
31.7 22.8 -- 

11.5 7.7 -- 
31.1 35.6 

21.0 25.9 

2.3 3.0 
20.0 13.4 

14.4 12.7 

88.8 90.6 
-- 
-- 

00.4 43.3 -- 

$399.3 $355.6 -- 

$ 18.3 
9.7 

$ 32.5 
17.8 

$ 50.8 
27.5 

28.0 

2.3 

129.3 

33.3 

23.6 

7.6 

193.8 

318.27 

50.3 

1.2 

19.4 

1.7 

12.1 

.2 

33.4 

45.2 

$735.6 - $293.9 - 

78.3 

3.5 

148.7 

35.0 

35.7 

7.8 

227.2 . 

363.4 

$1,029.5 - 
tbc$des AEC depreciatlon but does not include funding by other Federal agencles. 
* m a t  has not been allocated but 1.3 included in the general category. 



Date of 
Criticality 

Plant Capacity 

- - _  
Cumulative Costs 

Through 
June 30, 1960 

I AEC Partici- -. 
4ssist - pant’s 
ance Costs 

ekw (net) (in milliomj 

Yankee Atomic Electric Company, 
Rowe, Mass.  

Research and development 
Plant, equipment and land 
Waiver of use charges 

Total 

Power Reactor Development 
Company, Lagoona Beach, 
Michigan 

Research and development 
Plant, equipment and land 
Waiver of use charges 

Total 

Rural Cooperative Power 
Association, Elk River, 
Minnesota 

Research and development 
Plant, equipment and land 
Fuel fabrication 

Total 

City of Piqua 
. Piqua, Ohio 
Research and development 
Plant, equipment and land 
Fuel fabrication 

Total 

Consumers Public Power 
District, Hallam, Nebr. 

Research and development 
Plant, equipment and land 
Fuel fabrication 

Total 

August 1060 
136,000 ekw 

December 1960 
94,000 ekw 

November 1860 
22,000 ekw 

May 1961 
11,400 ekw 

March 1962 
75,000 ekw 

$ 4.8 

.5 

5.3 - 

1 .o 
1.0 

.2 
5.8 

5.2 

12.9 
9.7 
.1 

22.7 
- 
- 

5 O O l l O b  

6.0 

3.5 
1.7 
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/- 

Cooperative Power Reactor Projects 

its Power Demonstration Reactor Program the  Atomic Energy Commission 
other  organizations-both pr ivate  and pubiic--in nuclear power plant demonst 
on August 19, 1960, the reactor constructed by the Yankee Atomic Electric 
critical and was thus the f i r s t  nuclear power plant under the cooperative Pro 
criticality. 

The table below and on the next page shows AEc and private industry participati 
tive projects  for the development and construction Of nuclear power plants. 

On 

ch and development 

,virginia Nuclear 

Centra Nuclear Group, I 

Ptmt, equipment and land 
qidoer of use charges 

w e l p h i a  Electric CO. 
york County, Pa. 

m c h  and development 
ptmt, equipment and land 
m r e r  of use chargee 

rn Rlco Water Resources 
mhority, Punta Higuera, 

atvnrch and development 
Itmt, equipment and land 
tri fabrication 

bteeder technology 

b c h  and development 

2.2 
3.4 8.8 g.4 

.? 

3.4 11.7 a 4  
--- --- 

4.7 
3.7 8.3 t t  

1.2 

3.7 11.2 L3 

- - -  
--I_ 

21.1 
11.1 26.7 tf2 

2.9 - - -  - - -  11.1 50.7 fLf 



! $ 5.0 

3.7 

I 

- -  
- -  8.7 

I 

3.7 . -  
! -  3.7 

2.2 
I 8.8 

.? 

I 11.7 
- _ _ .  

. -  

4.7 
8.3 
1.2 

15.2 

. -  
- _ _  

21.1 
26.7 

2.5 

50.7 
_ -  
. -  

Cumulative Costs 
through Total 

June 30, 1960 Estimated ~ -_ Costs -- 
Date of AEC Partici- AEC Partici- 

Criticality Assist- pant’s Assist- aant’s 
- -  

ante Costs ante* Costs Plant Capacity 
ekw (net) (in millions) 

+ 
-ylrginia Nuclear 

Yr m., Inc. s, sooth Carolina 
#h yld development 

* BFrofuse charge 
w,ipment and land 

raJ 
md Nuclear Group, 1nc.- 

-, western Fla. 
@+ West Coast Nuclear 

and development 
qupment and land 

rpa of use charges 

ml 

e Electric Co. 

w e b  and development 

mt of use charges 

rplt County, Pa. 

equipment and land 

mal 

bco Water Resources 
-rity, h n t a  Higuera, 
k f l o  Rico 

k*uth  and development 
% wpment and land 
h-bbrication 

%ai 

t Pccder technology 

June 1962 
62,000 ekw 

$ 4.3 $ 8.5 
8 5.3 

- 1.8 
4.5 5.3 10.3 

.2 -- 
--- 

July 1962 
16.950 ekw 

3.9 1.2 13.9 
.2 

1.2 

--- 3.9 1.4 15.1 
--- 

50,300 e h  

.9 1.3 11.7 

1.5 

1.3 13.2 
--- 
-- .9 

$ 1.2 
22.6 

23.8 

7.5 
17.7 

25.2 

18.0 
28.9 

46.0 
December 1963 
40,000 ekw 

5.5 1.5 14.5 
.7 

2.5 ---- 
34.8 ---- 5.5 2.2 17.0 

5.6 
29.2 

December 1962 
16,300 ekw 

.8 .3 .l 
.1 9.6 3.6 ---- .6 

11.0 3.9 ---- .2 

1.8 4.5 ---- 
-7 
Lrucb and development 
b epalpment and land 
‘t; Urication 
k~ of use c k g e s  

hl 

523,950 ekw 

37.9 18.6 86.9 53.1 . 
17.3 102.3 53.4 236.1 

14.4 ---- 1.7 
.1 5.4 

$57.0 $120.9 $160 1 . $289.2 
~ -- - 

‘e&* estimatexi costs for five years after operations commence. - 
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Army Reactors 

AEC costa of research, development, fuel fabrication, test operations, a d  Other 
sary in developing compact, lightweight, economical power Plants for mui% 
to $12 million in 1960 compared to $ 9 million in 1959. 

The following table shows a comparison of cost8 for 1960 and 1959 by reactor 

Submarim 
u r g e  sh 
Guided m~ 
Destroyer 
Operation 

and otht 

(in thousands) 

Gas-cooled 
Pressurized water 
Boiling water 
General support and 

advanced studies table compares c 

Naval Propulsion Reactors 

The development of nuclear propulsion plant8 and long-life reactor cores 
menta cost $89 million in 1960. The cost in 1959 w?s $91 million. 

The cbart below shows the change in total Cost of research and'development for ~ 

eion reactors from 1951 to 1960. 

meet nnrt 

Direct cycle rc 
Indirect cycle 
General resear 

Total 
NAVAL PROPULSION REACTORS 

gely due to cost o 

Rocket (P: 
Ramjet (P 

Tot 



$88,799 $90,614 - 

5 0 0 1  

eneral  research and development 4,324 . 4,486 

Total $69,687 $71,822 - 
Propulsion Reactors 

regarch and development of missile propulsion systems increased to $32 million 
$23 million in 1959, an increase of $9 million. As shown in the table below this 

afvgely due to cost of research and development of the ramjet approach. 

Fiscal Year - 
1960 1959 

(an thousands) 

Rocket (Project Rover) $15,462 $14,010 
~ 

8,810 16 315 I Ramjet (Project Pluto) 

$31,777 $22,820 - - Total 

rer, the test operation of the first  experimental reactor (Kiwi-A) was mccessfully 
;f ai the Nevada Test Site. Research and development effort on nuclear rocket propul- 

d the fabrication, assembly and initial testing of the second and third *&-.A . 
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Auxiliary Power Sources 

The cost of research and development of long-term, light-weight SOuCes of 
in space vehicles and for other applications amounted to $11 million in lgm 
$8 million in 1959. 

The table below shows a comparison of 1960 and 1959 research and development 
isotope and reactor space power Systems: 

Fiscal Year 

1960 1959 

(in thousands) 

- 
Radioisotope power systems $ 3,100 $3,568 

8,380 4 128 Reactor space power systems 
L 

Total $ 1 1 ~ ~ 8 0  $7,696 - 
The radioisotope-fueled thermoelectric generator demonstrated in Fy 1959 
receipt of requirements from the coast Guard for prototype units for U& iz&*kb 
from the Navy for prototype unitsforuseztt remote weather stations and “aHgaH bbAa 

accumulated 2900 hours, 100 hours of which were continuous. p OR- #& 

~n 1960 an experimental lightweight (250 lb.) reactor (SEN wae s u c c e s m  --& 
c 

General Reactor Research a’nd Development 

‘Research and development effort on general reactor systems, fuel and fuel cycle,,, 
separations systems, and disposal of radioactive wastes cost $60 million in flea ,*% 
an increase of $17 million over 1959. 

Fiscal Year 

1960 1959 

(in thousunds) 

Y 

Reactor fuels and materials 
development 

Engineering physics and 
advanced reactor development 

Reactor components development 
Fuel element separations 

systems development 
Waste storage and disposal 

systems 
Reactor safety 
Operations of service 

facilities and miscellaneous 

Total 

I -0 

$17,359 

16,158 
2,624 

7,218 

4,700 
10,205 

2 070 t 
$60,334 - 

610,379 

9,431 
1,909 

6,037 

3,620 
8,427 

3,505 

$43,302 - 

120 - 
#)- 

do- 

0 
1951 
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PHYSICAL RESEARCH 

5 6 8  
128 

69 6 - 

523 

:ea 
Ln 1 

tlons of the laws of nature, including nuclear interactions at high energies, the 
#&ations on the behavior and properties of materials, and research effort to 
, , u c l e ~  energy are  the major areas under study in physical research. 

table shows a comparison of costs in major scientific areas for fiscal years 1960 

Fiscal Year 
__h___ 
1960 1959 

(in thousands) 

$ 32,148 $ 27,685 
32,263 27,517 
23,116 19,356 
17,894 14,518 
12,672 9,348 
5,811 5,712 
2,405 2,733 
2,856 2,191 
3,680 3,258 

v 

1959' 

110,S79 

:ope separation 

thermonuclear research 

- 
structure and neutron physics 

$132,845 

below shows the growth in the total cost Of physical research in the last ten years and 
reoe{ng emphasis on research in high energy physics and controlled thermonuclear 

PHYSICAL R E S E A R C H  

HIGH ENERGY PHY 

CONTROLLED 
THE RYONUC LEAR 

9,431 
1,QOS 

8,057 

3,620 
8,427 

0 L = '  - - -  
1951 51 53 54 55 56 n I 59 60 

$112,318 
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Con trolled Thermonuclear Research 

~n fiscal year 1960 the cost of the program lead@ to the future development 
energy for the production of power was $32 million. The cost in 1959 was $za Of ab?. 

Fiscal Year 1960 

Research and > 

Scientific Development Construction cpe* 

Costs -% a- S*% 
Effort costs  

(man -years) (dollar amounts in th 
=jWi 

Laboratory 

Lawrence Radiation Laboratory 
Pinch and collapse, magnetic 

LOB ~ l a m o s  Scientific Laboratory 

oag Ridge ~ational Laboratory 

Princeton University 

s s s a  
I t a  

1- 

em 

mirror and astron 91 $ 5,657 $ 443 

Pinch and collapse - 36 2,302 87 

Hot ion trapping 91 5,575 1,058 

Stellarator 248 14,483 3,149 

Other sites 
General research 

Total 

49 4,131 

$4,737 
__d trssfh $32,148 - 51 5 - 

4 

y 
pnrticle 
EoergY 
Btart-up 
p u t  at June 30, 1 

-cations: 
completed 
Not completed 

pls-1 year 1960 c 

1 original 
I 

tfftmnted cost of 
cmatruction* 

%Cludes 1961 authol 



443 

87 

1,058 

3,148 
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much as possible about the fundamental properties of nuclear matter 
high energy particle accelerators. In addition to the major accelerators 

HIGH ENERGY ACCELERATORS 
(One billion electron volts or greater) 

(dollar amounts are in millions) 

In Operation 

Lawrence Brookhaven 
Radiation National Institute of 

Laboratory Laboratory Technology 
(Bevatron) (Cosmotrod) (CIT) 

Proton Proton Electron 
6.2 BEV 3.2 BEV 1.2 BEV 
FY 1953 FY 1952 FY 1953 

4.2 3.5 .3 

year 1960 operating 
4.6 -3 10.0 

25-30 BEV 
F Y  1961 FY 1963 FY 1962 FY 1962 

h a t e d  coat of 
tPrtruction* $31.0 $42.0 $11.5 $22.0 

'kltdes 1961 authorization. 
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F'ields of research 
Cancer 
Medical 
Biological 
Radiological physics, dosimetry 

Radiation ecology and marine 

Fallout studies 
Nuclear energy civil effects 

& instrumentation 

sciences 

and other costs 

Total 

5 0 0 1 1  I 4  

Research Costs - 
FY 1960 FY 1959 

(in thousands) 

$ 4,753 !$ 4,294 
14,572 12,828 
17,123 15,300 

4,574 4,047 

3,344 2,237 
2,897 2,474 

1,615 1,592 

$48,878 $42,781 
- 

226 

811 
690 toa 

Q? 

171 $a 
ii 
k 

136 
135 

FINANC 

Scientific Labc * Marnos, New Mexicc 
iai National Laborato: se, Illinois 

~ Dm National Laborat 
gL mdge, Tennessee 

e v e n  National Labor 
aaoa Long Island, New 
e w a t i o n  Labora 

m m o r e  & Berkeley, C 
Field (including Nav: 

f d t y  at NRTS, Idaho) 
*@I, Pennsylvama 

mmic  Power Laboi 
#&mmtldy, New York 

Research Laboratory 
iocs, Iowa 
e Nuclear Propulsioi 

a3uhng facilities at Mi 
mcpt Electric -Lockla 

-cut Aircraft Nuclez 
'Lsbntory -Pratt-Whitn, 
a t a w n ,  Connecticut 

-, Washington 

.Itfca, South Carolina 

M Laboratory 

River Laboratory 



{CH 

226 
690 
811 ea 

tu 
1% 

171 

il 
€ai 

136 
135 
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R ES E A RC H L .4 B 0 R ‘4 TO R I E S 

I pdrtiOn of mc research and development is conducted in government-owned labom- 
educational institutions and industrial concerns. The investment in  corn- 

C@ _,med research facilities at  June 30, 1960 was $1.3 billion. These facilities include 3 fiC development reactors, accelerators, and general laboratory buildings, equipment 

$ d development work conducted in AEC-owned laboratories includes civilian and 
#’ an design and development; physical research; research i n  the life sciences; and 

f l  :a;imve nuclear materials production processes and techniques. The twelve lab- 
&d#m below a re  the principal centers of the Commission’s research effort. The op- 

of these laboratories together with the costs incurred at other AEC-owned in- $@zd fie cost of work performed in facilities owned by universities, industrial, and 
<fltely-owned organlzations a re  included in  the costs of the various research a reas  
# t h i s  report. 
e 

&‘ rated bY 

d 
devfces- 

Operating Costs Investment in Completed , , ~ 

Plant June 30, 1960 1960 1959 

(in thousands) 

f l s  Scientific Laboratory 
yrmos, New Mexico 

i6 mlod Laboratory 
i+ m o i s  
ss;atlOM1 Laboratory 

~ grdge, Tennessee 
National Laboratory 

~ mng Island, New York 
p...C m a t i o n  Laboratory 

& Berkeley, California 
~ fi& (including Naval Reactor 
&rtf at NRTS, Idaho) Westinghouse 
6 Pennsylvanla 
e ~ l c  Power Laboratory 
- c a y ,  New York 
pt~euear~h Laboratory 

4 Nuclear Propulsion Facilities 
=dug facilities at NRTS, Idaho) 
eed Electric -Lockland, Ohio ‘ 
e t u t  krcraft Nuclear Engineering 
m m r y  -Pratt -Whitney 
-town, Connecticut 
em4 Laboratory 
W Washington 

=~&hvet Laboratory 
South Carolina 

;-ON 

m 

- 
Want onb. 

$145,505 $ 64,660 

117,248 44,295 

144,726 66,201 

87,069 23,451 

107,964 90,,465 

102,558 57,074 

72,897 41,388 

7,897 4,136 

46,981 39,023 

4,618* 20,414 

56,375 27,428 

46,335 13,842 

$ 61,657 

38,797 

56,559 

20,634 

74,258 

59,779 

34,389 

3,749 

49,424 

16,278 

24,056 

13.648 
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SALE EDUCATION AIVD TRAIIVING 

The continuation of financial assistance to colleges, universities, teachers 

offered t< b atomic energy, amounted to $8  million in 1960. In addition, the AEC has SOUpCe 
nuclear materials on loan to educational institutions valued at $8 million 
are waived. 

of encouraging more interest in the curriculum and Courses and 

bSs 
On which 2 *s 

% t  
Fiscal Year 1960 

(tn thousands) 

$3,076 
1,826 
1,116 

919 

7,675 

263 
37 

--?-_ 

Grants for the purchase of equipment 
Operation of schools and courses 
Training institutes-651 teachers 
Fellowships -300 fellows 
Other costs - 738 

Waiver of use charges 
Security clearances - 

Total $7 975 

Grants for the purchase of equipment. Financial lsSiStanCe in the form of grznts 
qk- chase of training equipment was made to 167 American colleges and universities. The 

$3 million in fiscal year 1960. 

Operatzon of schools and cowses.  The following table shows the number of studen& La ~ 

ance and the cost of operating two schools and seven courses i n  the field of nuclear - 
Sourc 

nuc 
Heavy 
Radio 
Vanad 
Other 
Servic 

re waived at June Z 
1960 were $1.5 mi 

Net opw 
COn Number of Students 

SOURCE AND SPEC I 
T- 

Schools 
hternatlOM1 Institute of Nuclear 

Science & Engineering- ANL 
Puerto Rico Nuclear Center 

Courses 
Industrial Radioisotope Training 

Reactor Supervisors Training 

Nuclear Reactor Qerations 

Nuclear Reactor Hazards Evaluation 

Radioisotopes Special Training 

Traveling Science Teachers 

Mobile Isotope Training Course -0RINS 

Course - ORINS 

Course - Shippingport 

Supervision Course - O W L  

Course - ORNL 

Course -0RINS 

Course -0RINS 

TOTAL 

134 
26 

12 
52 

t 5 6  
551 

- 
d f :  

organizations 
-om1 and research 

&&tutions 

fmep countries 

mal 

Federal agencies 
25 

11 

12 

10 

71 

2 

104 

19 

I I 

*At established prices. 2 88 

283 1 1  

76 
104 

15 
s2 

_c_ 

291 - - 653 - - 

*After deducting revenue of $234 thousand. 

5 0 0 1 1 l b  
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69 
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,.des of materials and Services for  fiscal year 1960 amounted to $15 million as 
!%:h $9 million for fiscal year 1959. The table below s h o w s  the major sources of 

Fiscal Year 

1960 1959 

(in thousands) 

Source and special 

Heavy water 
Radioisotopes 
vanadium Pentoxide 
Other materials 
Services 

nuclear materials 

Total 

$ 4,061 
4,867 
2,426 
1,581 
2 79 

1,512 

$14,726 

$1,353 
3,327 
2,498 

396 
1,032 

$8,606 

Bpecjd nuclear materials and heavy water with licensees and foreign governments 
$99 million at June 30, 1960 from $72 million at June 30, 1959. These amounts 

value of the material. The following table shows the value of material 
ucensee and the amount of material subject to U s e  charges versus that on which use 

wafved at June 30,1960as compared to June 30, 1959. Use charges waived during 
' 

were $1.5 million. 

SOURCE AND SPECIAL NUCLEAR MATERIALS AND HEAVY WATER LEASED 

Subject to 4% Not Subject 
Total Inventory* Use  Charge to U s e  Charge 

A 

6/30/60 6/30/59 ' 6/30/60 6/30/59 ' '6/30/60 6/30/5D ' 

(in thousands) _- 
m: 

@ and research 
d o n s  
E Wral agencies 

0 emtries 

organizations 

w 

'i'akbtiahed prices. 

1 

$82,994 $58,909 $47,816 $37,080 $35,178 $21,829 

8,074 8,355 32 
903 1,354 

8,042 8,355 
903 1,354 

6,731 3,389 6,731 3,389 ------ 
$98,702 $72,007 $54,579 $40,469 $44,123 $31,538 ----- -- 



530 APPEXDIS 21 

Sales of Radioisotopes 
Radioisotope sales in fiscal year 1960 amounted to $2.4 million as ~~~~~r~~ 
for fiscal year 1959. Foreign sales Of radioisotopes decreased 

The chart below shows sales of radioisotopes from Fy 1951 through ~y 196ci 
of sales has leveled off due to substantial price reductions in  recent 
radioisotopes such as Cobalt-60, Iodine-131, and Carbon-14. 

S A L E S  OF RADI0150T0PES 

t r .  t +  
less  than in fiscal year 1959. * $391 th%dbei*fk- 

* 

-h= 
-- - Years tle*-a* =- 

%-  
f _  

MILLIONS OF DOLLARS 

Sales 

Quantity Dollars - F 

1960 1959 1960 10% 

(curies) (in thousa&,i 

Cobalt-60 
Polonium-2 10 
Carbon-I4 
Iodine-131 
Phosphorus- 32 
Cesium-137 
Iridium- 192 
Krypton-85 
Tritium 
Promethium- 147 
Strontium-90 
All others 

162,684 
4,610 

15 
609 
129 

72,282 
8,767 
3,515 

15,952 
1,648 

239 

208 , 769 

12 

165 
13,885 
6,203 
2,089 

15,804 
501 
88 

4,882 

748 

$ 539 $ €& 
24 6 208 
227 263 
216 3?5 
148 17f 
123 2: 

62 x. 
57 3: 
32 5 :  

6 2 
3 I 

7% 

$2,426 92.49h 
- 767 

- 
*Includes research discounts granted to users under the AEC mrt~m- 

tope research support program of $259 thousand in 1960 and $304 f l m i ~ ~  
i n  1959. 

- 
Medical instltut 
Mdustrial orgar. 
Federal and Sta’ 
Colleges and un: 
High schools, fo 

institutions 

Total 

progress has been mad 
Richland, Washingtor 

fonctions including uti1 
cst&lished c i b  goverr 

and Home F’inanc 
been transferred to 

d $10.5 million. Howe. 
@mistance to the city gov( 
i d s h e d  municipalities. Th 
z s  & for a 10-year period 1 
s w  $ 2 9  million. 

f l tment i n  completed corn 

br 

!s * 
+r -soid by HHFA. In 1960 

--June 30, 1959 
ms-Rlcal Year 1960 
& -  

Bsrders 
Larrments 

--June 30, 1960 
depreciation 

W t - J u n e  30, 1960 

fit. 1960 there remained at ( 
*-erred. 



F T ? ; ~ s c I A L  REPORT FOR FISC-%L TE.4R 1 9 6 0 531 

granted for  use Of radioisotopes increased 14 per cent from June 30, 
, 1960. The followW5 table gives a comparison Of the number of hcensees by 

ORGAN IZ AT I ONS W I TH RAD I O  I S OTO PE L I CENSES 
/ 

June 30 - 
1960 1959 

M&cal institutions and physicians 2,455 2,098 
Industrial organizations 1,724 1,511 
Federal and state laboratories 1,152 1,027 
Colleges and uxuversities 277 2 69 
mgh schools, foundations, and other 

institutions 106 123 

Total - 5,714 - 5,028 
- - 
- - 

- 
~ 

COMMUIVITIKS 
ess has been made in the disposal Of community facilities at Oak Ridge, Ten- 

Rlchlmd, Washington, as authorized under Public Law 221, approved in 1955. 
~ functions including utilities a t  both Oak Ridge and Richland have been transferred 

,,tlblished city governments. Real estate sales and financing have been conducted 
sing and Home Finance Agency through 1960. Property with a net book value of 

been transferred to communities and property with a net book value of $73 mil- 
1960 AEC community operating costs totaled $17.6 million. m e  

$10.5 milhon. However, under Public Law 221, certain costs a r e  being incurred 
18tance to the city governments during the transition period and until they become 

&jsh& municipalities. The Act provides that assistance payments where necessary 
p, d e  for a IO-year period f rom the date of the transfer. The amount of such payments 

59 bo 

fiscal  years led0 ax w n s ~ l d  by HHFA. 

t 

- 
Dollars 

jo 1959 

n thousands) 

j39 $ 659 
24 6 20% 
227 283 
216 325 
148 171 
123 27 
62 20 
57 35 
32 31 

6 2 
3 I 

767 756 - 
426 $2.498 - 
the AEC radiokso- 
nd $304 thouSSW 

im iis $2.9 million. 
~ 

_-bent in completed community facilities a t  June 30, 1960 was as follows: 
e - 

LOS 
Total Oak Ridge Alamos Richland Other 

(in millions) 

&-June 30, 1959 
--Fiscal Year 1960 
-&ts 

%fer6 
krements 

=-June 30, 1960 
=atxi depreciabon 

-nt-June 30, 1960 
~ - 
~ - 

$179.0 
6.3 

(21.3) 
(73.9) 
(4. s) 

85.5 
(25.6) 

$65.6 
3.4 

(17.2) 
(47.1) 
(2.5) 

2.2 
(1.0) 

$59.9 

$72.9 
1.1 

(0.9) 

(21.1) 
73.1 

- 
$52.0 - 

$33.6 $6.9 
1.8 

(4.1) 
(26.8) 

(0.5) (0.7) 

a. 8 6.4 
(1.5) (2.0) 

$4.4 

- -. 

- - 
- - $2.3 - 

~ -~ 3:; 1960 there remained a t  Oak Ridge and Richland $3.5 million in property still to be 
*:-erred. - 
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INTERNATIONAL ACTIVITIES 

Latin American $ 163 $1,325 
E W O p e ~  150 3,398 
Near Emtern 650 1,161 
Asian 491 2,839 
south Pacific 298 

194 194 International Agency 

Total 

U U  
1,aC 
2.- 

pol 
ftt - 

-z 
$9,215 ta.rts - - $1,648 - 

I_ 

A major part of the fun& rewired for grants is Provided by the Mu-1- 
Program. 

MATER I ALS LEASED' 

June 30, 1960 cbyr 
h r u d  

ss Material Heavy Water ELacal YU m 
(in thousads) 

Latin American $ 283 t u  
European 3,315 $1,639 rn 
Near Eastern 112 z 

1 

t 1u 
- a40 - Asian 32 

Total $3.742 -- _y 

$2,419 - 
~ 

+M sales value. 

FINAKCW 

co 

ccsm 
& Topical Confe 

s z m e r p y  and Consultant Exhibits 6 

Materids Contro 
DVcct salary and Ravel  
mom-Reeearch & Dew 

World-Wide Researi 
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COSTS OF INTERNATIONAL ACTIVITIES 
Fiscal Year 1960 

Mutual 
AEC Direct Security 

costs Program Costs Total Costs 

(in thousands) 

$ 325 $ $ 325 
24 6 24 6 

600 600 

925 246 1,171 
- 
- 

1,122 
167 - 

1,122 
167 

1,289 1,289 

COSTS 
pnd Topical Conferences 63 

& and Consultant Services 63 
Energy Exhibits 824 
Materials Control System 547 

107 
131 
824 
547 & splary and Travel Expense 1,345 1,345 

;ithworld-Wide Research 114 114 

3,450 112 9,562 

$5,664 $358 - $6,022 

pltom-meearch & Development 494 494 

- - 
- - 
- Tpcpl Costs - 

44 
68 
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Ten-Year Szcmmary 
of Financial Data 

Cost of operations' 
Procurement of raw materials 
Production of nuclear materials 
Weapons development and 

Development of nuclear 
fabrication 

reactors 
Civilian 
Miiutary 
Other 

Controlled thermonuclear 
High energy physics 
Other 

Physical Research 

Biology and medicine research 
Community operations -net 
Administrative expenses 
Other expenses and income-net 

Plant construction and equipment 
costs incurred during the year 

Total AEC assets ,  excluding 
inventories of certain products 
a t  June 30 

Plant investment a t  June 30 
(gross) 

Production plants 
Research and development 

facilities 
Communities 
Other 
Plant construction in progress 

a t  June 30 

$2,619,143 $2,496,618 
716,507 699,996 
731,348 713,247 

505,448 491,981 

399,252 355,600 
117,78 6 105,233 
2 13,708 

67,758 
132,845 
32,148 
32,263 
66,434 
48,878 

7,090 
51,197 
26,578 

202,328 
48,039 

112,318 
27,685 
27,517 
57,116 
42,781 
9,892 

50,135 
20,698 

- 

$ 331,516 $ 298,979 

$7,740,629 $7,764,770 

$7,344,751 $7,292,784 
5,458,201 5,552,646 

1,271,253 1,124,543 
85,523 179,013 

203,085 186,825 

326,689 249,757 

306,225 
78,732 

184,868 
42,625 
87,719 

19,146 
49,561 
35,958 
11,162 
46,435 
20,985 

19,012 - 

937,682 ma 
229,197 
178,332 

271,146 tlL- 

$2,649,614 $2,635,335 $2,333,974 5% Funds appropriated-net 
Operations 2,38 7,114 2,385,406 2,225,470 1.me 
Plant acquisition and 

construction 262,500 249,929 108,504 1%- 

122,646 121,858 120,973 1 tLm 
6,835 6.785 7,021 u= c__ 

Employment a t  June 30 
AEC employees 

Construction contractor 
Operating contractor employees 194,612 105,195 103,290 I !* 

employees 11,199 9,878 10,662 K* 

Includes depreciation. 
t Includes transfer to operations of $571 million appropriated in prior years as Plant and 

ment funds. 

5 0 0 1  I 2 2  

$1,289,535 
193,586 
588,44 5 

258,706 

114,557 

59,011 
33,482 
48,221 

4,718 
8,583 

34,920 
28,898 
10,321 
34,027 
12,774 

$ 842,504 

- 28,064 

$8,077,836 

$6,487,301 
4,645,750 

707,107 
299,290 
206,202 

628,952 
- 

I 834,227 $1,209,860 
1,146,400t 1,098,978 

(312,173) t 110,882 

Ilb,I43 112,555 
6,583 6,013 

90,238 82,936 

13,322 23,606 



9 

8 

6 

5 

8 
5 
9 
2 
6 
1 
8 
2 
5 
5 

i 

z 

- 

4 - 

4 - 
7 
5 

2 
7 
2 

6 

,s 31t.m 

31 !.it? 

5 0 1  

F ~ A S C I A L  REPORT FOR FISCAL YEAR 1960 
I 

535 

1955 1954 1953 1952 1951 
1956 

258,706 
#0,765 

114,557 
28,064 
53,011 
33,482 
48,221 
4,718 
8,583 

34,920 
28,898 
10,321 
34,027 
12,774 

f1,1a8,272 $8,077,836 

&fls,OSl $6,487,301 
5tir,776 4,645,750 

153,468 707,107 
m,m2 299,290 
2W,501 206,202 

247,024 628,952 

$1,039,178 
142,793 
409,735 

250,025 

99,334 
20,103 
42,010 
37,221 
43,630 

1,741 
7,802 

34,087 
26,974 

34,671 
20,194 

$1,215,141 

11,822 

$8,144,414 

$5,705,405 
2,957,784 

616,548 
300,248 
21 5,69 1 

1,615,134 

$ 904,596 
82,153 

318,255 

257,488 

104,091 
10,201 
53,209 
40,681 
41,846 

800 
8,644 

32,402 
26,295 
15,157 
35,514 
23,797 

$1,125,579 

$8,014,455 

$3,579,089 
2,118,137 

548,009 
298,454 
184,913 

1,429,576 

$ 684,181 
72,510 

205,746 

229,178 

64,448 
5,903 

39,501 
1@,044 
34,671 

150 
5,948 

28,573 
24,536 
16,363 
31,432 

5,297 

$1,082,174 

$4;692,584 

$3,496,957 
1,327,335 

338,836 
287,999 
179,705 

1,383,082 

$ 494,638 
47,490 

140,822 

163,594 

44,472 
3,202 

90,011 
11,259 
29,833 

50 
5,262 

24,521 
21,245 
17,322 
24,541 

5,319 

$ 459,192 

$3.680.333 

$2,516,014 
1,287,447 

233,702 
28 1,727 
121,936 

591,202 

I 834,227 $1,209,860 $1,042,492 $4,136,476 $1,605,756 $2,032,143 
Ll46,400t 1,096,978 886,483 808,935 

W,173)t 110,882 156,009 3,327,541 

llb,U3 112,555 141,949 148,799 149,371 99,126 
6,589 6,013 6,123 6,894 6,662 5,646 

90,258 82,936 73,312 71,775 58,101 47,745 

w,m 23,606 62,514 70,130 84,608 45,735 

I 2 3  
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PLANT A N D  EQUIPMENT 

INVESTMENT I N  P L A N T  8, EQUIPMENT 
BILLIONS OF D O L U R S  

1H PROGRESS 

1 9 5 0 5 1  32 53 54 55 56 57 58 91 (D 

5 0 0 1  I 2 4  

I NVES 

- -  
p r y  water w production facilities 

p~ fn investment i n  plant and E 

w e n t - J u n e  30, 1959 
aruct lon  and equipment 
;osts 
&!:om to completed planf 

of comrnunlty facilities 
Lransfers and retirements 

b HBFA 

'fnment-June 30, 1960 



INVESTMENT IN PLANT AND EQU 
June 30, 1960 

(at cost) 

PEAR 1960 537 

PMENT 

Completed Constructlon 

Plant in Progress Total 
3 
=s 
-- zz 

r&ction facilities 

2 - research 

$ 9,910 
253,441 

2,333,564 

1,622,435 

803,182 
163,365 
272,304 

5,458,201 

898,546 
244,382 

69,652 
58,673 

1,271,253 
- 

$ 10 
2,988 
8,970 

34,512 

17,870 

5,884 
- 

70,234 

83,585 
121,519 
44,917 

20 1 

250 222 t 

$ 9,920 
256,429 

2,342,534 

1,656,947 

821,052 
163,365 
278,188 

5,528,435 

982,131 
365,901 
114,569 

58,874 

1,521,475 

- 7 85,530 
6,226 209,311 

$326,689 $7,344,751 

-&ties 85,523 
e 203,085 

- rod $7,018,062 

- - 
- 
,3mestment in plant and equipment during the fiscal year are as follows: 
- 

Completed 
Plant 

$7,043,027 

254,584 
(258,247) 

(21,302) 

$7,018,062 

Construction 
in Progress 

(in thousands) 

$249,757 

331,516 
(254,584) 

$326,689 - 

Total 

$7,292,784 

351,516 

(258,247) 

(21,302) - 
8 7,344,751 



538 APPEKDIS 2 1  

AEC PLANT AND EQU I PMENT 
(at cost) 

CALIFORNIA 
Lawrence Radiation Laboratory, 

University of California 
Berkeley 
Livermore 

Research facilities, Sandia 
Corporation, Livermore 

Medical research facilities, 
University of California, 
Los Angeles 

Salton Sea 

Institute of Technology, Pasadena 

Atomics International Division, 
North American Aviation, Inc., 
Canoga P a r k  

Salton Sea Base, Sandia Corporation, 

Research facilities, California 

Reactor and research facilities, 

COLORADO 
Uranium handling, sampling, and 

general facilities, Lucius 
Pitkin, Inc., Grand Junction 

Rocky Flats Plant, Dow Chemical 
Company, Boulder 

CONNECTICUT 
Connecticut Aircraft Nuclear Engine 

Laboratory, Prat t  and Whitney, 
Middletown 

New Haven 

Combustion Engineering, Inc., 
Windsor 

Linear accelerators, Yale University, 

Submarine reactor facilities, 

FLORIDA 
Pinellas Plant, General Electric 

Company, Clearwater 
IDAHO 

National Reactor Testing Station 
Phillips Petroleum Company 

Chemical processing plant 
Materials testing reactor 
Engineering tes t  reactor 
Reactor facilities 
General facilities 

Total 

~y Location 
June 30, 1960 

-~ \ Estimated Cost h0> - 

Completed of Proiects Authorized 
Plant and Under Constructfoo 

Equipment Construction Not start* 
Location and Contractor (in millions) 'F=k 

-- .~ 

$ 40.1 
67.8 

9.0 

1.2 

7.6 

1.9 

16.5 

5.3 

73.2 

4.6*t 

2.8 

12.8 

10.6 

49.9 
14.3 
12.5 
15.2 
19.2 

111.1 

12.7 
2.7 

$ 10.6 
13.4 

.2 

1.5 8.3 

4.5 .4 

1.0 

1.7 

1 .o .1 

12.6 3.2 
1.2 
.1 

3.9 

30.9 

13.1 7.1 

10.3 
- 
- - 

SLLLNOS National Labora 
Wversi ty  of Chicago, 

Argonne Cancer Researc 
Uaiversity of Chicago, 

w e r i a l s  Research La& 
university of Illinois, 

WmA 
m o t i o n  Laboratory, Ur 

of Notre Dame, Notre 

mA 
M m c h  Laboratory, Io 

bwa Ordnance Plant, Ma 
College, Ames 

Hanger, Burlington 

lLKTucw 
P U I U d  

Gmeous Diffusion P1a1 
Union Carbide Nuclr 

Feed Materials Plant, 
Union Carbide Nuck 

Total, Paducah 



$ 12.7 
2.7 

.2 

1.5 

.4 

.1 

3.2 

7.1 

- 
10.3 
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~~ 

Estimated Cost Projects 
Completed of Projects Authorized 
Plant and Under Construction 
Equipment Construction Not Started Total 

(in millions) 

T O d  

y r c r ~  nuclear propulsion 
General Electric 

facilities, 
lJot,od Laboratory 

orgnaic moderated reactor ex- 
prment, North American 

balls Atomic Power Laboratory, 
ewral Electric compapy 

@ion, Inc. 

lbd, NRTS 

w m e  National Laboratory, 
mversity of Chicago, Argonne 

m m e  Cancer Research Hospital, 
University of Chicago, Chicago 

yzterias Research Laboratory, 
umversity of Illinois, Champaign 

SMA 
pdiahon Laboratory, University 

of Notre Dame, Notre Dame 

r n A  
w c h  Laboratory, Iowa State 

~pn Ordnance Plant, Mason and 
college, h e s  

Wger, Burlington 

QYNCgY 
Plduclh 

Caseous Diffusion Plant, 

Feed Materials Plant, 

Total, Paducah 

Union Carbide Nuclear Company 

Union Carbide Nuclear Company 

121 

$ 28.8 
12.0 
16.5 

57.3 

$ 2.2 

1.8 

4.0 

36.6 

2.9 

2.4 

1.6 

211.9 

114.4 

4.6 

7.9 

30.31 

753.7 

25.8 

779.5 

16.4 

34.1 

.6 

86.0 

81.6 

.2 

2.4 

1.8 

3.8 

.4 

4.2 

- 
- 

$18.5 

28.8 
- 

3.6 

5.6 

2.2 

3.6 

.4 

1.0 

- 
1 .o - 

$ 31.0 
12.0 
18.3 

61.3 

53.0 

37.0 

3.0 

20.1 

326.7 

199.6 

4.8 

5.6 

2.2 

13.9 

32.5 

758.5 

26.2 

784.7 
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Completed 
Plant and 
Equipment 

Location and Contractor 

MARYLAND 
AEC Headquarters, Germantown 

MASSACHUSETTS 
Cambridge electron accelerator, 

Harvard University, Cambridge 
Raw materials development 

laboratory, National Lead 
Company, Winchester 

MINNESOTA 
Linear accelerator, University of 

Minnesota, Minneapolis 
Boiling water power reactor, 

Rural Cooperative Power 
Association, Elk River 

MISSOURI 
Kansas City Plant, Bendix 

Aviation Corporation, 
Kansas City 

Mallinckrodt Chemical Works, 
Weldon Spring 

Feed Materials Plant, 

NEBRASKA 
Sodium grapiute power reactor, 

Consumers Public Power 
District, Hallam 

NEVADA 
Mercury 

Nevada Test Site, Reynolds 
Electrical and Engineering 
Company 

Laboratory facilities, 
Lawrence Radiation 
Laboratory 

Total, Mercury 

Tonopah 
Research facilities, Reynolds 

Electrical and Engineering 
Company 

Corporation 
Research facilities, Sandia 

Total, Tonopah 

$ 16.6 

3.8 

1.3 

8.1 

1.8* 

27.98 

56.7 

9.3 

5.3 

.Q 

2.9 a. 

i l  
.6 

+t  
.3 26.7 

It 19.5 - i f  37.8 15.0 

1.4 14.2 if I 

39.2 29.2 19.5 1"& 
- -< 

- 

.6 .s I 

*. 1.3 .4 

1.9 
- -  

.4 .s I* - -= 

a w n  
P Meton-Pennsylvania 

,cceierator, Princetor 
VdversitY 

c stellarator faci 
piaceton University 

facilities, Pril 
mversity 
yotnl, Princeton 

Corporation 

LrJatries, Inc. 
Albuquerque Work 

' ~ ~ p 1 ,  Albuquerque 

m o s  
us -0s Scientific 

L;rboratory, Univer: 

Community and gener: 
mamtenance faciliti 
The Zia Company 

Loa ALamos Hospital, 
-0s Medical Ce 
Inc . 

California 

Total, Los Alamo 

-Tom 
*veri National Lab0 

bociated Universities 
wJ= 

Idrk City 
-ting and other re: 

k u i t i e s ,  New York I 
k e k a t o r  and researc 

kuitles, Columbia L 

New York ci 



.6 

! .9 

.6 

.s 

- 
.s - 

.3 

- 
.3  - 
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Estimated Cost Projects  
Completed of Projects  Authorized 
Plant and Under Construction 
Equipment Construction Not Started Total 

(in millions) Contractor 
#@/ 
/ 

c 

fLdrersity 
I c s t e m t o r  tacilities, 

,-J facilities, Princeton 
y m c e m  university 

@, princeton 

.@@ 

m r a t i o n  

w i e s ,  InC. 
Nbquerque Works, ACF 

~4, uuquerque  

lp, -0s Scientific 
3 lurmos 

Lpboratory, University 
01 Califorma 

mntenance facilities, 
 be Zia Company 

Aiamos Hospital, Los 
Alamos Medical Center, 
inc. 

-unity and general 

Total, Los Alamos 

$ 2.1 

1.41 

.8 

4.6 

4.3 

9.7 

77.3 

20.8 

98.1 

143.0 

129.9 

2.9 

275.8 

g w  
m y e n  National Laboratory, 
m u a ~ e d  Universities, hc., -* 
I Tark City 
hp~hng and other research 

a n t o r  and research 

Tm, New York City 

btiiities, New York University 

kc.hhe8, Columbia University 

87.1 

1.5 

1.8 

3.3 

$ 27.8 

10.3 

5.2 

.1 

15.6 
- 

11.4 

.1 

11.5 
- 

22.5 

3.4 

25.9 - 

30.4 

.8 

$11.7 

- 
11.7 - 

4.6 

.1 

4.7 
- 
- 

11.5 

1.2 

- 
12.7 - 

15.4 

- 
- 

$ 27.8 

2.1 

1.4 

22.8 

9.8 

4.4 

37.0 

93.3 

21.0 

114.3 

177.0 

134.5 

2.9 

314.4 

132.9 

1.5 

2.8 

4.1 
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NEW YORK Cont'd 
Boron plant, Olin Matheson 

Chemical Corp., Niagara Falls 
Research laboratory, University 

of Rochester, Rochester 
Knolls Atomic Power Laboratory, 

General Electric Company, 
Schenectady 

General Electric Company, 
West Milton 

Knolls Atomic Power Laboratory, 

OHIO 
Aircraft nuclear propulsion 

facilities, General Electric 
Company, Lockland 

Portsmouth Gaseous Diffusion 
Portsmouth 

Plant, Goodyear Atomic 
Corporation 

Atomic Corporation 

Total, Portsmouth 

Feed Materials Plant, National 
Lead Company, Fernald 

Mound Laboratory, Monsanto 
Chemical Company, 
Miamisburg 

City of Piqua, Piqua 

Feed Materials Plant, Goodyear 

Organic moderated power reactors  

PENNSYLVANIA 
Bettis Plant, Westinghouse 

Electric Corporation, Pittsburgh 
Accelerator and research facilities, 

Carnegie Institute of Technology, 
Pittsburgh 

Pressurized Water Reactor, 
Duquesne Light Company, 
Shippingport 

SOUTH CAROLINA 
Savannah River Plant, E .  I. du Pont 

de Nemours and Co., Inc., Aiken 
Production reactor facilities 
Separations facilities 
Feed materials production 

facilities 

!$ 7.8 

5.0 

39.4 

33.5 

10.4*t 

754.3 

8.0 

762.3 

111.6 

30.0 

45.2 

1.3 

48.8 

620.7 
261.2 

6.1 

$ .5 

1.9 

35.5 

2.8 

- 
2.8 - 
2.7 

3.5 

8.3 

11.8 

1.0 

11.0 
15.3 

s .1 

1.1 

- 
1.1 
z 

3.3 

.3 

9.0 

8.7 
1.6 

.1 

CornPW 
f*brjcation and developn 

acuities, Union Carbic 
Nclear  Company 

Ridge Nationd Labor 
rfdon Carbide Nuclear 

& n i c e  facilities 

T O d  

wmuni ty  services, oak K 

@ 
Plant, Mason and A; - -  

w i l l 0  

g.Ti 
w c e l l o  

vrpnium o r e  processing I 

-unity services, Luc 

Total, Monticello 

Lucius Pitkin, Inc. 

Pitkin, Inc. 

m G T O N  
W o r d  Works, General Elf 

Company, W o r d  
Production reactor  facili: 
Stparations facilities 
€?ui materials productio 

Rrts laboratory 
General facilities 

Total 

facilities 



1.1 

- 
1.1 - 

3.3 

.3 

9.0 

0.7 
1 6  

1 
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Completed of Projects Authorized 
Plant and 
Equipment Construction Not Started Tom 

(in millions) 

Under Construction 

Carbide Nuclear company 

ervices, Oak Ridge 

t, Mason and Elanger, 

ore processing plant, 

wty services, Luciue 

OILS facilities 
W materials production 

$ 163.4 
46.3 

163.4 

1,261.1 

3.3 

1 .o 
.1 

834.7 

379.5 

144.7 
21.6 

1,3843 

2.2 

24.3$ 

5.6 

.5 

$ 12.4 
6.2 

44.9 

-2 

.4 
30.6 

10.3 

10.0 

41.8 
.5 

93.8 

.6 

6.1 

$ -2  
.2 

10.8 

.3 

.2 

2.1 

8.8 

19.0 

30.4 

.4 

$ 163.4 
58.9 

169.8 

1.316.8 

3.8 

1.6 
30.7 

847.1 

398.3 

205.5 
22.1 

1,509.1 

2.2 

25.3 

5.6 

.5 

6.1 

484.1 165.1 8.1 657.3 
204.7 4.3 5.8 214.8 

38.3 .1 .8 39.2 
56.4 16.7 3.4 18.5 

140.7 7.8 .2 148.7 

194.0 18.3 1.136.5 924.2 
- 

- 



f 

544 

WASHINGTON Cont’d 
Community services, General 

Electric Company, Richland 

APPESDIX 2 1  

Completed of Projects 
Plant and 

Location and Contractor 

$ 3.8 

WEST VIRGINIA 
Huntington pilot plant, International 

Nickel Company, Huntington 

WYOMING 
Army Package Power Reactor 
No. 2, The Martin Co.. 
Sundance 

PUERTO RICO 
Puerto Rico Nuclear Center, 

University of Puerto Rico, 
Mayaguez 

Punta Higuera 
Nuclear superheat power reactor, 

JAPAN 
Research facilities, National 

Academy of Science, 
Hiroshima 

MARSHALL ISLAND 
Eniwetok Proving Grounds, Holmes 

and Narver, Inc., Eniwetok 

ALL OTHER 
Various locations 

Weapons storage facilities 
Other 

Total, W other 

Total 

-4  

.5 

2 .o 

$ 3.0 

3.8 

.4 s 8.5 

.1 .I 

3 5 .‘sa 1 

186.4 2.2 
57.7 18 6 

244.1 20.8 

~ 

*Equipment only. 
t Basic plant owned by 
t Basic plant owned by 
6 Basic plant owned by 

U. S. Air Force. 
U. S. Army. 
U. S. Navy. 

$7,018.1 $838.9 - 

7 Transferred to the Department of Defense in July 1960. 
** Includes plant projects of $221 rndion  authorized in Publc L a w  86-457 apprwcd utf a =le 

0 

5 0 0 1  1 3 2  
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