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The Atomic Energy Gornnzis.riotz. The fireman Atomic Energy Commission and 
the BEC's General Manager are. reading left to rig1lt : Colllmissioner samWl 
ill. Kabrit, Commissioner Wilfrid E. Johnson, Chaiman Glenn T. GPa. 
era1 Manager Robert E. Hollingsworth. Commissioner James T. RaIney, 
Commissioner Gerald F. Tape. Commissioners Sabrit and Johnson were bw,,m 

in a t  a White House cereiiiony on August 1. 1966, that also cOUUllelllorata 
20th annirersary of the signing of the Atomic Energy Act of 19% \yhj,h esttlt 
lisherj the AEC. Photo bcEow shows ( 7 C f f t  to r i g h t )  : ('nrsnll 31. EIonrll, ~ ~ l r n r t ~ , r  

of the White Houw staff, swearing in Commissionws Jo1i;iwn mid ~ . l l , ~ j t  $. 

President Lyndon 13. Johnson and T'ice President Hubert EI. Huniphreg look ltL 
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An 
‘nfroduciion 

To: 

The year 1966 saw atomic energy become a major factor m the 
planning for meeting the Kation’s future electric power needs as 55 
percent of the new steam-electric generating capacity announced by 
V.S. utilities was for nuclear plants. 

During the 12-month period, the utility industry announced plans 
for installing 26 individual reactors as the heat sources in central 
generating stations with an expected output of 21,224 net megawatts 
of electric power (Mwe). Applications for construction of 16 power 
reactors were filed during the year, 4 of which had been announced in 
1965. 

Because of the time necessary for construction, most of these plants 
d l  not be in operation before the 1970-72 period. As of December 
31, 14 nuclear power stations, having a total capacity of 1,886 net 
Xve, were operable. (Appendix 4 lists the nuclear plants already 
built, those under construction, and those planned.) 

The orders for nuclear powerplants by utilities in 1966 &ere greater 
than had been estimated in the near-term portion of an *4EC forecast, 
announced in early June, of the growth of nuclear power through 
1980. However, future orders may follow a cyclical pattern like 
that characteristic of conventional plants. For the installed capacity 
of nuclear powerplants in the Vnited States through 1980, the 1966 
forecast gaye a range of $0,000 to 110,000 bIwe compared with a 1964 
.UC estimate of between 60,000 and 90,000 Mwe and an earlier AEC 
estimate in 1962 of 40,000 hfwe. The mid-point of the 1966 forecast 
(95,000 & h e )  corresponds to about 25 percent. of the Kation’s total 
projected output of electric enerm in 1980 (see chart, page 3).  

The upsurge in nuclear power station planning had a widespread 
effect on the nuclear industry as well as on the A4EC’s operations and 

I_ _ -  ~ - 

THE ATOMIC 
ENERGY PROGRAM 
IN 1966 

’ WgUre includes AEC-owned Hanford “N” reactor and Shlppingport, Pa., reactor which 
a d  not require licensing. 

1 
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‘This “Annual Report to Congress for 1966” is available to the public under an alter- 
nate title. “Major Activitlee in the Atomlc Energy Programs-Januarplh@mbr 
available from the Superintendent of Documents, U.S. Government Printlng ofice, IVa* 
Inpton, D.C. 20402, for -. 

“Fundamental Nuclear Energy Research--1966” is available from the SuWrfntendd 
of Documents. U.S. Government Printing Ofllce, Washington, D.C. 20402, for $2.5O. 

2 THE ATOMIC ENERGY PROGRAM IN 19616 

programs. It came at  a time when steps were being taken Within the 
AEC to improve and quicken the licensing procedures; it Showed the 
need for new uranium exploration to meet the future fuel needs; it 
brought about changes in AEC projections of the demand on diffusion 
plants to enrich uranium to meet civilian power needs ; it strengthened 
the United States? stature in the world?s nuclear market ; and it testified 
to  the close cooperative effort that has grown 0 1 ~  the yeam between the 
AEC and industry. 

Commissioners 

On March 1, 1966, Dr. Glenn T. Seaborg began his sixth year as 
Chairman of the Atomic Energy Commission. He has held the Chair- 
manship longer than any of his four predecessors during the 20-year. 
history of the AEC. (Admiral Lewis IA Straw formerly held the 
longevity record as AEC Chairman, from June 2, 1953, to June 30, 
1958. In addition, ,Qdmiral Strauss had also served as a rnembr 
of the Commission from November 12, 1946,. to April 15,1950, for 
combined service record of almost SI/, years.) 

Dr, Gerdd F. Tape, who was first sworn-in as a Commissioner on 
July 15, 1963, was reappointed for a 5-year term which expires ,June 
30, 1971. Commissioner James T. Ramey, who was sxv0rn-h on 
July 1,1964, is currently serving a 5-year term of office. 

On August 1,1966, Commissioners Samuel M. n’abrit and wilfrid E, 
Johnson were sworn-in. Commissioner Nabrit, who was President 
of Texas Southern University, Houston, was sworn-in to fill a vacant 
5-year term. Commissioner Johnson, who had managed the General 
Electric Co’s operations at the AEC‘s Hanford, Wash., Plant filled 
the unexpired term of Commissioner John G. Palfrey who had resigned 
to take up research work at the John F. Kennedy Memorial Library 
in Boston. The White House ceremony also marked the 20th an- 
niversary of the signing of the Atomic Energy Act of 1946 which a- 
tablished the AEC. 

CONTENTS SUMMARY 

On the next 28 pages of this “Annual Report to Congress for 1966”* 
the contents are very briefly summarized on a chapter-by-chapkr 
basis. ,4 supplemental report, “Fundamental Nuclear E n e r a  Re- 
search--1966,” describes many of the more noteworthy advances hi% 
made under AEC-sponsored basic research and development. 

POW1 

ELECT 

19i 

% OF TOTP 

1000 

0 

3-u c Eear Power 
in planning for 
nuclear capacit 
(Mwe).  As shc 
producing a b u  
nearly 2,800 bill 
means. The cha 



a r  as 
hair- 
-9etrr- 
ii the 
le 30, 
mber 
for a 

e r  on 
June 
n on 

-id E. 
ident 
acant 
neral 
filled 
igned 
brary 
I an- 
:h es- 

966" ? 

apter 

being 
F Re- 

1 altff 
1966". 
wbsb- 

tendent 

JANUARY-DECEMBER 1 9 6 6 3 

POWER SOURCES 
for 

ELECTRIC ENERGY 

1965 -1980 

% OF TOTAL FOR EACH SOURCE 

1000 

500 

0 

1500 

iooe 

500 

0 

r.---- -- cuG V.O ~rcttnl;  rn iw-f the 
nearly2,800 billion kilowatt hours of electricity expected to be generated by all 
means. The chart beEow shows the unit size trend in current reactor plant orders. 

POWER REACTOR UNIT SIZES vs. Y U R  OF INITIAL POWER OPERATION 
(Based. upcn pLMts sold; cffludas prototypes and AEC hnmd Rsrtorr) 

2 " I 

7 1 c .. 
j LiLi  Year of Initial Pmver Operation 



4 THE ATOMIC ENERGY PROGRAM IN 196’6 

licensing and Regulating the Atom 

0 A notable developnient in the atomic energy field in 1966 FaS 

marked increase in the number of applications to construct and 
civilian nuclear powerplants that were submitted to the -24EC. ln all, 
11 utilities filed applications Kith the AEC during the year for au- 
thority to construct 16 large power reactors vi-ith an aggregate capmitv 
of 11,524 electrical megawatts-more than 11 times the total capaciti, 
of all licensed nuclear power facilities which had been completed sill& 
the first civilian plant began operations a decade ago. The large num- 
ber of additional utility disclosures of nuclear poxyer plalis during tile 
year indicated that the increased rate of constructipn permit 
applications will cont.inue into 1967. 

0 To expedite facility licensing proceedings, the AEC, in Septem- 
ber, amended its regulations and issued a statement of general policr 
concerning the conduct of public hearings by atomic safety and licens- 
ing boards. Dealing essentially with uncontested initial licensing pro- 
ceedings, these actions included clarification of the role of the bards, 
and liberalization of the “ex parte” rule which had restricted intra- 
agency communications in such cases. ,41so, during April, the Corn- 
mission appointed a second review panel from outside the GOlrernment 
to conduct a study aimed at possible improvements in AEC procedures 
for handling contested nuclear facility licensing cases. This panel‘s 
recommendations are expected to be reported in early 1967. 

The ,4EC has also exrimined its radioisotope licensing process 
with the aim of simplifying procedures where possible, consistent Kith 
safety. On October 31, the Commission started action to appoint 
panel from outside the Goi-ernnient to make an independent appraisal 
of the developing program, including .changes contemplated by the 
AEC. 

Significant progress was made during the year in the develop- 
ment of safety criteria, standards, and codes for nuclear reactors. A 
revised technical specifications system for licensed nuclear facilities 
was issued in proposed form for comment and for interim guidanm 
of applicants. Further guidance on the technical information re- 
quired of applicants for construction permits and operating licenw 
was also included in the proposed amendments. Industry participa- 
tion increased in the development of design and performance criteria 
for reactor systems, components, and structures. 

0 The Price-Anderson indemnity legislation was amended in 19% 
to  authorize the AEC to make emergency payments for the purpw of 
providing immediate assistance in $he unlikely event of a nuclear in& 
dent, and to further authorize the waiver of certain defense in 
event of an “extraordinary nuclear occurrence” in order to f a d t s t e  
recovery of claims for personal injuries or property damage. 
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- Reactors and Other Nuclear Facilities licensing 
t * 

5 

The AEC issued construction permits for five large nuclear 
porerplunts representing a total capacity of 3,272 Mwe : Consolidated 
@ison Co.’s Indian Point Cnit 2 and Rochester Gas & Electric Go.% 
Robert Emmett Ginna Unit 1, in Xew Tork; Commonwealth Edison 
cD.:s Dresden Units 2 and 3 in Illinois; and the Millstone Kuclear 
power Station in Connecticut, submitted by the Connecticut Light & 
power, Hart.ford Electric Light, Western Massachusetts Electric and 
jf,lillstone Point companies. 

A provisional operating license 11-as issued for the Philadelphia, 
glectric C0.k Peach Bottom Atomic Power Station Unit 1, a 40 Mwe 
hi@ temperature, gas-cooled reactor in SOUtheaStern Pennsylvania, the 
first of its type to be put into commercial operation in the United 

0 The AEC also issued five construction permits and five oper- 
ating licenses for research reactors. 

0 In April, the AEC licensed for operation the first privately owned 
irradiated nuclear fuel processing plant-constructed in western New 
fork by Nuclear Fuel Services, 1nc.-and in November, received an 

from the General Electric Co. for permission to construct 
the second such facility, to be located at Morris, Ill. 

0 Safety reviews were completed of an application by Isochem Inc., 
to build tJhe proposed Fission Products Conversion and Encapsulation 
plant (FPCE) at. Hanford, Wash., for recovery of a variety of radio- 
isotopes from the radioactive waste stream generated at the AEC’s 

,4t year’s end, the AEC had under review 12 applications for per- 
mission to construct 16 central station nuclear power reactors, includ- 
ing the largest yet submitted for licensing-the Tennessee Valley 
Authority% twin 1,065-Mre reacton proposed for location in northern 

The Regulation of Radioactive Materials 

@ I n  the field of radioactive materials regulation, the number of 
fiRnses administered in both the Federal and State programs con- 
hued to increase. Four more States-Alabama, Nebraska, New 

ton-assumed certain of the AEC’s regula- 
ic energy materials, bringing to 15 the num- 

ing agreements with the *4EC under Section 214 of 

@ -4 Memorandum of Understanding was completed between the 
aEC and the Interstate Commerce Commission, setting forth the man- 
gr in  which each agency will exercise its authority with respect to 
IfetS. in the transport of radioactive materials. 
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ATOMIC ENERGY LANDMARKS 

Eistwic fk7ldnLUTk NO. 1. DuriIlg the 
year, the V.S. Department of Interior 
designated four atomic energy sita 
national historic landmarks. The am 
plaque was unveiled on February 21 in 
a ceremony commemorating the sa 
anniversary of the discovery of the 
heavy nuclear element, plutoninm, 
and dedicating the discovery labam. 
tory-Room 307 ,of Gilman Hall on & 
Berkeley Campus of the Universitf oi 
California-as a National Histork 
Landmark. The photo shows Under 
Secretary of Interior John Cams. 
Eef t ,  with three of the co-discorerent d 
plutonium, AEC Chairman Glenn 1. 

Seaborg, second frmi left, Dr. Arthur C. Wahl, now professor of chemistry E: 
Washington Unirersitr, St. Louis, and Dr. Edwin M. NcMillan, director Of €k 
AEC's Lawrence Radiation Laboratory. Drs. Seaborg and McMillan shared thr 
Nobel Prize for plutonium and related research. The Ntional  Historic Laad* 
mark plaque has been placed in the room, where the definitive experiment in * 
discovery of plutonium-its chemical separation-took place on the night Of r* 
ruary 23-24, 1941. I n  photo a t  left, Dr. Seaborg, point6 to two modern dedrn 
that make use of the man-made element, plutonium. In  the foreground is * 
SXAP-27 which will supply power for experiment packages to be left on the 
by astronauts. I n  the  background, is the grapefruit-sized SXAP3& atop Ifrq 
navigational satellite. Put  into orbit in 1961, the device, powered by Pluto'- 
is still sending signals back to earth. This was the first use Of nuclear - 
in space. 
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~ j ~ t w i c  Landmark No. 2. On August 26, President Lyndon B. Johnson became 
ae first President to visit the AEC's Sational Reactor T s t i n g  Station in Idaho 
&n he unreiled the plaque designating the Experimental Breeder Reactor No. 1 
IEBR-I) as a Xational Historic Landmark. Tlie EBR-I on December 20. 1951, 
Fas the first nuclear reactor to generate useful amounts of electricity. Photo 
obov& shows. left to  rigli t:  Under Secretary of the Interior John A. Carver, AEC 
Chairman Glenn T. Seaborg, Commissioner Gerald I?. Tape, Commissioner Samuel 
g. Sabrit, Commissioner James T. RameF, and President Johnson with the Xa- 
rional Park Service plaque. Photo below shows President Johnson holding the 
historic light bulb presented to him by Argonne National Laboratory during the 
Rremony. The bulb is one of the four original bulbs lighted by the world's first 
w f u l  electricity from atomic heat-produced by EBR-I. Left to right are 
commissioner James T. Ramey (partially hidden), Rep. Ghet Holifield, Chairman 
ef the .Joint Committee on Atomic Energy, Chairman Seaborg, and the President. 

P 
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ATOMIC ENERGY LANDMARKS 

Histork Landmark No. 3. The unveiling of the National Park Service Plaque 
designating the Am’s Los Alamos Scientific Laboratory as a National Historic 
Undmark-a site possessing “exceptional value in Commemorating op iUnb 
trating the history of the United States”-was held on October 8, 1966, at 
Alamos, S. Mex. Taking part in the ceremony were. lef t  to  right, Dr. xorris E. 
Bradbury, Director of the Las Alamos Scientific Laboratory ; Charles c. camp 
bell, Area Manager, AEC, Los Alamos Area Office, and William E. Brolm. nr 
gional Historian, Kational Park Service, U.S. Departmerit of the Interior. fie 
two smaller plaques describe the laboratory’s achievements in the derelo~lmeet 
of nnclear weapons and contributions to fundamental scientific knowledge and tc, 
peaceful applications of atomic energy. The location of the landmark mOnunlpat 

is near the spot where components of the first nuclear meapoils mere assenlbltd 
in a stone ice house, previously used by the LOS -4lamos Ranch School to store 
cut from the adjacent pond. 
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Bistoric Landmark Wo. 4. The world’s first production reactor and the first to 
produce usable amounts of radioisotopes-the S-10 Reactor a t  the AEC’s Oak 
Ridge National Laboratory (ORNL) in Tennessee-was dedicated as a National 
Historic Landmark on September 13. First operated on Noyember 4, 1943-an 
event which marked another early step in the beginning of man’s control of the 
tremendous power locked within the nucleus of the atom-the X-10 was shut 
down in 1963. Construction on the graphite reactor, which was first used to pro- 
duce fissionable plutonium, had started in February 1913, just two months after 
the late Enrico Fermi operated the world’s first reactor at the University of 
Chicago. At the time of its closing, the X-10 was the oldest operating reactor in 
esistence. Photo shows Elbert Cos ( Zeft) , regional director of the Southeastern 
region of the National Park Service, and AEXl Chairman Glenn T. Seaborg (r ight)  
unveiling the conmemoratire plaque. In the background is the face of the old 
reactor and, 7cft to right: Clark E. Center, a Vice-President of Union Carbide 
Suclear Dii-ision. Union Carbide Corp.. and Production manager at Oak Ridge ; 
S. R. Sapirie, manager of the AEC’s Oak Ridge Operations Office; Howard C. 
Brown, AEC’s Assistant General Manager ; Dr. Eugene P. Wignctr. noted physicist 
and former Research Director of ORSL ; and Dr. Alvin N. Weinberg, Director of 
ORXL and a Vice-president of Union Carbide Xuclear Division. 

Source and Special Nuclear Materials 

Two important. steps were taken in 1966 to further implement 
the Private Ownership of Special R’uclear Materials Act of 1964. One 
was the establishment on December 23 of criteria for furnishing um- 

enrichment services, and the other was the July announcement 
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of severill related policies d h  respect to sale and base of enriched 
uranium. The ,4EC announced the following post-1968 policies o~ 
uranium: ( a )  to continue using the $8 per pound of UJ% charge for 
the feed component of the ,4EC schedule of charges for enriched ups, 
Ilium for sale or lease; (6 )  to establish toll enrichment as the preferred 
lnetllod of pro\-iding enriched uranium : ( C) to provide a plan equiva- 
lent to toll enrichment under which AEC-oxned enriched uranium 
under lease after December 31,1970, can be corn-erted to prirate on-ner- 

~ 

Reactor Niutdozcn T-erificatioti S g a t m ~ s .  @ne of the disarmament proposals 
made bF the United States at the l&Xation Disarmament Conference in Genefa 
is for agreement to ha3t the production of fissionable materials fer ut+ in nuclear 
weapons. In  connection with the verification requirements of that propuz;.11. 
the AEC demonstrated a simple, reliable, and easily installed system that could 
he used to detect whether a production reactor shut down under such an agree 
ment had been operated betmeen visits of inspectors. During Kovember, a large 

:, . group of representatives of delegations to  the United Nations saw the sSstm 
I. demonstrated at a reactor which has been shut down since July 196.5 at tb 
- -4EC’s Hanford Plant in the State of Washington. 

” ’ the reactor with one of the components of the verification system (top caterl  
installed and kft to right: Dr. Samuel M. Nabrit, member of the V.S. &oIdf 

-r-- Energy Commission; Adrian S. Fisher, Deputy Director of the U.S. -5 m‘ 
trol and Disarmament Agency; Jacques Tine, French Minister and mue 
Permanent Representative to the United Nations ; I. Virgin, member Of * 
Parliament ; and Martin M. R. lbiorland, United Kingdom, Disanmment Dd@- 
tion. The verification system was developed for the AEC by its contractors 
at Hanford. 

_ _  Photo shows the fa* 

- _  
L.* 1 



d 

jr 

d 

4 

I- 

L- 
tn 
r- 

a15 
e m  
enr 
sal. 
uld 

rpe 
tern 
the 
’ of 
er 1 
mic 
’an - 
blm 

iish 
e- 

rw- 

l <irY 

11 JANUARY-DECEMBER 19 6 6 

ship by the Iessee; and (d )  in disposing of A4EC’s surplus uranium to 
follow methods such that no damage will result ho the domestic 
market. 

The near-term future of the uranium industry brightened as the 
impact of the Private Ownmship of Special Suclear Materials Act of 
1964 began to be evident. For instance, concurrent with the expan- 
sion of plans for nuclear powerplants, utilities and other companies 
qhich supply nuclear fuel began placing long-term orders for uranium 
concentrate. Uranium purchased by the AEC became wholly from 
.domestic sources as foreign contracts expired. 

0 At Ranford, the wor1d’)s largest operating nuclear power gener- 
ating station became operational as the 786,000 net electnrica.l kilowatt 
Washington Public Power Supply System powerplant began to use 
the steam produced in the AEC’s adjacent “N” production reactor in 
its turbine-generators. However, at, year‘s end, the power output was 
limited to half its design level because of failure of a-high-voltage 
transformer m the BPA’s transmikion system. ‘ 

A 1-year high-flux demonstration run of a production m c -  
tor at the Savannah River Plant, S.C., ended successfully. The 
reactor had been operated at the highest thermal neutron flux 
(6.1 X 1015 n/cm2-sec.) ever attained by any reactor in the world. 

During the year, a simple, reliable, and unobtrusive system for 
international verification that a nuclear reactor shut down under inter- 
national agreement had not been operated between inspections, was 
demonstrated at  a shutdown Hanford production reactor to represen- 
tatives of delegations to the United Nations General Assembly. The 
system uses a special “fingerprint” seal and tape containing cobalt 
rphich would become radioactive if the reactor were operated. 

During the year, the AEC announced that the feed ma.tsrials plant 
tlt Weldon Spring, Mo., would be closed down. 

There was a further total reduction of 715,000 electrical kilo- 
aatts in the usage of electricity at the Oak Ridge, Tenn., Ports- 
mouth, Ohio, and Paducah, Ky., gaseous diffusion plants. At year’s 
end, the AEC announced that studies would be made on the possibility 
of selling or leasing one or more of the gaseous diffusion plants t o  
private industry. 

The AEC withdre\v from the routine production and sale of 19 
more radioisotopes. This brings the total to 36 radioisotopes xhich 
are no longer produced by the AEC since (May 1961) they are com- 
mercially available. During the year, the AEC turned over all cobalt 
60 encapsulation services, for its own and other Government work, ta 
Private industry. 

On July 22,1966, the Commission appointed an ad hoc Advisory 
panel on Safeguarding Special Nuclear Material to review and ap- 



12 THE ATOMIC ENERGY PROGRAM IN 19616 

praise current and proposed AEC policies and procedures in connec, 
t.ion with the Commission's evaluation of the effectiveness of controls 
in t.his field. The Commission has asked the panel to include in its 
review the U.S. program for safeguarding special nuclear maklial 
distributed abroad under the ('Atoms for Peace" progmm. The panel 
is expected to complete its report early in 1967. 

The Nuclear Defense Effort 

0 The AEC continued: (a )  the maintenance of the limited nuclear 
test ban treaty safeguards; ( b )  the development of devices and h- 
proved techniques for use in underground testing ; and (c )  the &vel- 
opment of devices designed to !meet Department of Defense 
requirements. Under Presidential authorization, t-he production of 
nuclear weapons continued to meet the DOD military requirements 

0 A total of 40 underground nuclear tests were announced during 
1966, including 7 DOD effeds or detection events and 4 Plow&aB 
events, 

0 The AEC continued to participate in t3he joint AEC-DOD 1r,la 
program (detection of nuclear explosions underground, in the atmos- 
phere, and in space). The six *4EC-instrumented sabllites-launchd 
in pairs in 1963,1964, and 1965-continued their detection function and 

Cyclamen. Excperiuitnt. Re-drilling operations were well underway by sunset of 
c:iMay 5, 1966, the day of the Cyclamen heavy element experiment a t  the Pl'erah 
r7I'est Site. This experiment was an adjunct to a weapons development test. The 
=nuclear detonation occurred 1,OOO feet underground and the subsequent collapfie 
'30f the detonation-produced cavity caused a subsidence on the surface (note th' 
bd ground cracks in foreground). Three drilling rigs were used to recover sa@e 
Jrom just beneath the shot point. Samples must be recovered as rapiar as 

possible because of the short half-lives of the heavy elements formed during the 
detonation. The first samples of Cyclamen debris, which contained measurable 
amounts of fermium 257 (element l O O ) ,  were recovered and returned to T-M 
Alamos Scientific Laboratory for analysis 26 hours after the detonation. 
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reparations were underway for a fouI.lth launch in early 1967. I n  P 
the Vela Uniform (detection of underground nuclear explosions) pro- 
ram, three prototype unmanned seismic observatories were being g 

evaluahd under different climatic environments, and a second nuclear 
detonation experiment was conducted in the Tatum Salt Dome, near 
fiattiesburg, Miss. 

~ a v a l  Propulsion Reactors 

At the end of 1966, the Nation’s operational nuclear fleet was com- 
osed of 66 submarines, including 40 of the Polaris missile-launching P type, and 3 surface ships-an aircraft, carrier, a guided-missile frigate, 

snd a guided-missile cruiser. The 41st and last of the Polaris sub- 
marines planned-the Will Rogers-was launched at mid-year. Con- 
p s  has authorized the construction of a second nuclear-powered 
aircraft carrier, a guided-missile frigate, and procurement of long- 
ld-time material for an additional guided-missile frigate: Devel- 
qment  continues on improved naval nuclear propulsion plants and 
reactor cores for installation in ships ranging in size from aircraft 
wrriers to a small, deep submergence research and oceanographic 
rehicle. 

Rattor Development and Technology 

0 This was the year of accelerated adoptions of nuclear power by 
the uGlity industry, culminating the AEC’s years of research and de- 
velopment on light water reactors. Firm plans were announced for 
the installation of 26 central station nuclear power reactors with a 
total initial net capacity of over 21 million kilowatts, almost four times 
as much as the capacity of the 10 reactors announced during 1965 
and almost six times as much as the combined capcity of the 20 com- 
mercial, prototype, and demonstration U.S. power reactors which had 
ban built, were under construction, or were planned for construction 
by the end of 1964. 

The year also saw the AEC put on a priority basis the develop- 
ment effort on the liquid metal-cooled fast breeder reactor concept- 
~1 advanced reactor concept which, when successfully developed and 
introduced into commercial use, will make use of nearly all the energy 
mntained in the Nation‘s nuclear fuel resources and thus extend the 
Wability of a low-cost source of energy far into the future. 

0 Substantial progress was made in the application of nuclear 
Q e r ~  to the large-scale desalting of sea and/or brackish water. The 
!EC received Congressional authorization to participate in a coopera- 
h project with the Metropolitan Water District of Southern Cali- 
fornia and the Department of the Interior for the construction of a 
Lw@unit nuclear power-desalting plant with 8 combined net electrical 
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generating capacity of approximately 1,600 A h - e  and, initially 
salting unit capable of reclaiming 50 million gallom per a 
fresh water. from the sea. aJ. of 

L .  

-- Firdt Plant of It3 Size. The San Onofre Nuclear Generating Station in soutbrw 
California is expected to be in commercial operation in early 1967. This Bechtd 
Corp. photo shows the 265-ton, 30-foot long pressurized water reactor vessel bpiM 
mored into position. The turbine generator unit has a 4.50 Xwe potential rating. 
although the station will operate at a 375 Mwe level 011 the initial core loads- 
72 tons of uranium dioxide that is expected to  last about 3% years. Bechtelb 
engineer-constructor, and Westinghouse is providing the reactor plant equipment 
and steam and electrical apparatus for the Southern California Edison and 
Diego Gas &- Electric companies project. It will k! the largest c o m m e d  
nuclear Powerplant to be operated in the United States. 
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jSUlnd phnt. A &acre man-made island will be built off the southern California 
@st for a dual-purpose nuclear power and desalting project being undertaken by 

Metropolitan Water District of Southern California (MWD) , the AEC, and 
tbe~epartment of Interior. The island, to be built more than a half-mile off 
am between Huntington Beach and Seal Beach, will provide room for two 
a ~ t v e  light water reactors which will produce heat for a power station and a 
@lting facility initially capable of producing 50 million gallons a day (mgd) of 
@ble water from the ocean. This will be the first large-scale demonstration of 
,gclar energy for these dual purposes. A Bechtel Corp. study showed that the 
isband location would be approximately $30 million cheaper than an alternate 
land site. The model above shows one of the various site plans under study. 
photo below shows the signing of the agreement that led to the 1966 negotiations 
for the project. Left to rish t are : t seated) AEC Commissioner James T. Ramey ; 
-taw of the Interior Stewart L. Udall; Representative Chet Holifield of 
CaUfornia and Chairman of the Joint Committee on Atomic Energy ; ( a t u n d t ~ )  
E& Skinner, General Manager of the MWD ; Stephen D, Bechtel, Sr., Chairman 

the Board Of the Bechtel Corp. ; and Joseph Jensen, Chairman of the Board, 
m. 
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Space Nuclear Systems 

0 I n  ;the space nuclear power program, the joint AEC-KAS 
A hu. clear-rocket program progressed from a graphite reactor e n h e  
9% tem technology program into a combined + ~ ~ o l o g y  and e%ih, 

system development program, and the space electric power ppOar 
moved from the developmental to the applications stage. 

0 During the year, additional experimental data were accumulated 
on the high performance capabilities of nuclear-rocket systems. u- clear rocket reactors were started, stopped, and restarted without da 
culty and operated over a wide range of conditions. The Kation.i 
first nuclear-rocket engine was successfully tested in a ‘‘brend~oad., 
configuration. 
system technology program--to build and test ground experimental 
engines. 

0 The year also saw continuing propess in the development of Illf- 
clear energy systems to provide the source of electrical energy in 
applications. A reactor-powered electric generating system cOmpletd 
one full year of continuous ground--$ operation. 

0 

Work also proceeded on the next phase of the 

Isotopic Heat and  Power Applications 

Interest in, and requirements for, radioisotope electric genemtbp b 

systems in the space programs continued to grow. The Departma 
of Defense transmitted definite requirements for radioisotope theme 
electric generators for the provision of power for an advanced n a ~ .  
gational satellite. I n  addition, the DOD stated a definite intern 
in two other radioisotope generator systems, one for 500-watt shoe- 
lived missions and the other for 250-watt long-lived missions. 

First-generation isotope power systems, using strontium 90 
fuel, have been in operation for several years and have clearly demoa- 
strated the feasibility of developing long-lived energy sources capable 
of unattended operation in remote areas of the world and further 
progress continued on the development of future systems. 

0 S t u d i s  have indicated the potential usefulness of ~ ~ ~ d i o k o t a p  
as an energy source for a cardiac “pacemaker” which would be used ta 
stimulate the pulsing action of a malfunctioning heart. Under the 
joint sponsorship of the AEC, the National Institutes of Healtlh, and 
the Newark Beth Israel Hospital, a completely self-contained PlU* 
tonium 238-powered heart pacer is being developed. It will hare 
power level of about 30 to 100 micmwatts and a functional life of 
10 years. Although the medical profession already implank baHeT* 
powered “pacemakers” in certain heart patients, these devi- MUire 

frequent, replacement because the batteries are short-lived; the nudes 
“pacemaker” would reduce the need for this periodic surgery- 
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Power sources have been fabricated using the metal or compounds 
lutonium 238, polonium 210, curium 242, promethium 147, and of P 

Gtrontium 90; development of encapsulated fuel forms of curium 244 
Cobalt 60 is underway; and cerium 144, cesium 197, thulium 170 
171, and krypton 85 are under consideration as candidate heat 

Bnd 
ad 

Plutonium 238, already in use as a heat-power source in 
satellites, shorn a potential usefuness for land and sea thermo- 

olstrio units. However, since the overall demand for this radioiso- 
tope apparently will exceed the supply in the near future, efforts 
$re underway to use lower-grade plutonium 238, to increase its rate of 
woTrery from scrap generated in fuel source manufacturing, and to 

lore alternative isotopic fuels, such as curium 244, which have GP 
cornpa rable characteristics. 

Isotopic Radiation Applications 

e The AEC has petitioned the Food and Drug Administration for 
cjesrance of radiation processed strawberries for unlimited human 

I n  addition to a four- to seren-day extension that can 
double the shelf-life of strawberries, significant reductions in spoilage 
3m attainable with radiation. Savings in reduced spoilage Till more 
tilan off-set irradiation costs. Clearances on one or more of the six 
species of fish-eod, flounder, haddock, ocean perch, pollack, and sole- 
preriously petitione,d are not expected until late 1967, due to FDA's 
Nust for additional microbiological and efficacy data. Numerous 
commercial-like test shipments showed that commercially-packed irra- 
diated haddock fillets had a 17-day storage life vi-hile the non-irradiated 
controls were acceptable up to 11 days. Ten large food store chains 
nith over 8,000 retail outlets are cooperating with the AEC by partici- 
pating in evaluation studies of the handling of irradiated foods under 
regular commercinl-type shipping and storage. Other recent work has 
shown that effective control of rots and molds in fruits, such as peaches, 
can be obtained without textural damage by using a combination hot- 
mter dip plus a radiation dose one-half of that pre\-iously required. 

0 Industry and the AEC have under evaluation several specific - 
radiation processing systems for possible future commercial applica- 
tions. Examples are paint and electronic components manufacture, 
and inhibition of bacterial growth in liquid systems, such as in jet 
fuel and petrolem. Two private firms started producing radiation 
processed rood-plastic materials in developmental commercial quan- 
:;ties and several others announced they would enter the market in the 
fat we. 

~ @ An automated quality control pilot plant was put into opera- 
b n  a t  Austin, Tex., to help the coal, aluminum, and steel industries 
Qluata neutron activation analysis. The sensitive chemical analyti- 

-; c 3 ct -I 8 . -  



18 THE ATOMIC ENERGY PROGRAM IN 196l6~ 

cal method has been successfully applied to measure ash and =loric 
content in coal and the content of silicon and aluminUm in almbu 
Orebo th  on rapidly moving belts. Use of activation analysis in 
crime detection, now accepted as legal evidence, is increasing, 
AJ3C and the Office of Law Enforcement A4ssistance of tile D~~~~ 
m a t  of Justice are developing data to increase the statistical 
of detection of a wide variety of materials. The Internal 
Service has more than 500 cases in which activation analysis is 
of the evidence. 

T h e  

lnts 

Pan 

The Plowshare (Program 

0 The year was marked by increasing hduskkd hiterest and par- 
ticipation in developing underground nuclear explosive eng;tee 
techniques to enhance the recovev, or provide for the stOmg% of 
natural resources. Initial site preparation mas started in New ~~g~ 
for Project Gasbugg-y-a cooperative AEC-E1 Paso Natural Gas h, 
experiment to increase natural gas productivity. I n  addition, two gas 
recovery proposals for the Colorado area were made by indust9 ; an 
AEC-industry study showed the feasibility of using a nuclear a~t;~ 
for the storage of natural gas; and 24 firms joined in a study -&& 
may lead to a proposal t o  use nuclear detonations for recorery of 
from oil shale. A major copper company studied the feasibility of a 
project in which a nuclear explosive would be used f;o break UP 
underground copper ore body SO that the copper could be leach4 

% 

from the broken ore. 

International Cooperation 

Among the important developments in the AEC's international 
cooperation program was the negotiation of new Agreements for 
Cooperation under which the United States undertook to sell to other 
nations special nuclear material to cover long-range nuclear fud 
requirements for power reactors. Active cooperative programs  en 
continued with various international atomic energy groups. The 
International Atomic Energy Agency (IAEA), which has mid 
strong U.S. support, held its 10th annual meeting in September. 
October, the third and last power reactor built under the Joht U.s.- 
Euratom Power %actor P r o m  achieved criticality. 

The United States continued to emphasize the importanmil 
attaches t o  achieving wide agreement on international s a f e e a d  
assure that nuclear materials and equipment will not be d i v e d  
peaceful to military purposes. The united Stak,  with the C O O P  

tion of the privately owned company, made available for internatid 
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aqection by the IAEA the Nuclear Fuel Services, Inc. chemical 
processing plant. The transfer of bilateral U.S. safeguards responsi- 
bilities to administration by the IAEA continued. I D A  inspection 
of &e Yankee Atomic Electric C0.k reactor at Rowe, Mass., has shown 
&at such inspection does not interfere with plant operations. 

e lhternational interest in the development of dual purpose nuclear 
pomer-desalting plants continued to grow in 1966. Pursuant to .a;n 

,greement with Grew,  a U.S. team visited Athens during September 
to work with Greek representatives on the feasibility of a dual purpose 
nuclear facility for the production of electricity and freshwater in 
the Athens area. A johtly-hanced engineering feasibility study for 
a nuclear power-desalting plant was concluded by Israel and the 
united States. The U.S.-Mexican-IAEA nuclear desalting study 
group met once in 1966. 

0 The Presidential announcement of an increase to 250,000 kilo- 
grams of uranium 235 in enriched uranium allocated for foreign dis- 
tribution again indicated the importance the United S t a M  attaches 

providing long-term fuel supplies to foreign countries. By mid- 
1966, the total value of special nuclear and other materials distributed 
mder the “Atoms for Peace” program was approximately $214.4 
million. 

Research Facilities and Projects 

0 A major milestone in high energy physics in the United Stake 
was the successful operation of the world’s highest energy electron 
accelerator-the two-mile-long, 20-Bev microwave linear accelerator at 
the Stanford Linear Accelerator Center (SLAC) near Palo Alto, Calif. 

0 On November 8, the National Transplutonium Program facilities 
at Oak Ridge National Laboratory were dedicated. The first two of 
these facilities, the High Flux Isotope Reactor (HFIR) and the 
Transuranium Processing Facility (TRU) are already in use for 
producing transplutonium elements. The facilities provided by tho 
Transuranium Research Laboratory (TRL) make this research com- 
plex a f o d  point for both chemical and physical research with the 
transplutonium elements. 

On December 16,1966, the Commission announced its selection of 
the Weston, Ill., site as the location for the proposal 200-Bev National 
Accelerator Laboratory. The search for  a site for the proposed accel- 
erator facility had been narrowed to six potential locations when a 
N&ional Academy of Sciences (NAS) committee made its recom- 
mendations to the AEC in March. During 1965, the AEC had received 
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Ber 200 Bev Accelerator. Photo, above, shows a model of the Proposed 200 
accelerator and National Accelerator Laboratory which Would be bllilt at 
Weston, Ill. The model was prepared at the AEC's Lawrence &hatioh 
Laboratory, Berkeley, where a group has been conducting design Studies oi 
the p r o p o d  accelerator since 1963. The model explains the main cOm* 

ea: ponents of the giant accelerator and the sequence of acceleration of Partiel 
(a) the Cockcroft-Walton starts protons off; ( b )  linear accelerator booses 
particles to ZOO million electron volts; ( c )  injector synchrotron raises energp 
of protons. to 8 billion electron volts (Ber)  ; and ( a )  the main ring, nearly 
mile in diameter, in which protons mould be accelerated to their ultimate energr 
of rn Bev. Two beam lines and experimental areas are ah0 shown. The sup 
port buildings of the model include a library, offices, laboratories, computer 
facilities, cafeteria, etc. Photo, beEozc, shows wooden mock-ups of magnets of 
the type designed at Berkeley for use in the 200 Ber accelerator. The proton 
beam would pass through the small oblong-shaped pipe (lower left). 
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96 from 46 states recommending more than 200 sites for $he la esd facility. The AEC’s evaluation showed 85 proposal6 as prop 
t;ng the basic criteria for the location, and it was from these that 

fJ@ NAS committee selected the six best locations: Ann Arbor, Mich; the 
rookhaven National Laboratory, Upton, N.Y. ; Denver, Golo. ; hladi- 

%Tis. ; Sacramento, Calif. ; and Weston, 111. 
B 
son, 

Operation HENRE (High Energy Neutron Reactions Experi- 
t) was started in Nevada for  the purpose of improving the under- 3Jla 

finding of the propagaition of neutrons and gamma rays in the at- 
lDosphere near the earth’s surface. The 1,527-foot BREN tower is 
bein, u used to hoist an aiccelerator neutron source for operaion at  
oarious distances from the surface. The civil defense research project 
st oak Ridge Natiunal Laboratory, Tenn., was expanded It0 include 
@dies on biological and chemical weapons defenses so that systems 
for protection against nuclear effects will not be vulnerable to non- 
nuclear weapons. 

o Construction or remodeling of three laboratories was CompletRd 
during the year to  provide additional space for research on radiation 
eff&s in biological systems and atmospheric dispersion of radioactiv- 
its. A new low background counting facility will become operationd 
a early 196’7 at Brookhaven National Laboratory; a new cocarcino- 
_mesis c research laboratory sat Oak Ridge is now housed in a building 
p ious ly  used in the uranium production complex; and a new fiacil- 
jt? has ‘been completed at Pacific Northwest Laboratory for atmos- 
pheric science studies. 

Nuclear Education and Training 

@ A n  estimated 2,300 students and 1,700 faculty from 750 institu- 
tions of higher education and 525 high schools participated in the 
bEC’s principal educational assistance progams. I n  addition, visit,- 
ing lecturers, consultations, conferences, and seminars were attended 
b j  some 6,000 faculty and 24,000 students. These individuals repre- 
sented all 50 States, the Distriot of Columbia, and Puerto Rim. 

0 The AEC continued its program for str~ngthening-nuclea~-sci- 
enw m d  en,heering education in colleges 2nd universities with 
emphasis upon graduate level courses. A total of 276 predoctoral stu- 
dents were supported on campuses through predoctord fellowships in 
nuclear science and engineering, and health physics. The nuclear 
tmineeship program, designed to help increase ;the numbers of centers 
of excellence in nuclear engineering, supported 103 Lgraduate students. 
Faculty institutes, co-sponsored with the Xational Science Founda- 
tion, pr0vide.d adranced education for  400 college faculty and 550 high 
school teachers. Teaching equipment grants for nuclear laborahories 
aisted 1-14 colleges and universities. 

~ 
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&ncumnt, with the ca.mpus-oriented actirities, a strong grarn 
red at wa6 maintained for a varieky of coopemtive endeavors mnb 

AEC multi-program laboratories through which faculty and student, 
had many opportunities for research participation and study, hb 

h- 0ratm-y fellowships pemiltted 116 graduate students to use ARC - 

@---% 
ciliities for thesis research. Through a wide var;ety of othw pm 
including seminars, conferences, workshops, courses and general 
versity use of laboratory equipment, a total of 1,100 students and 4oo 
faculty from 550 colleges and universities participated in unij-crsitr- 
laboratory cooperative programs. 

In  September, 10 technicians from 5 multi-program l a b o ~ ~ ~ e s  
reported ,to 8 colleges and universities for under,aduate studT. Q 

program permits these students to complete work- for bacmia- 
degrees which they had been pursuing on a part-time basis for a nu- 
ber of years. 

Informational Activities 

Notable pro- was made in planning for the development of 
an international nuclear information system. Under this sp,tem, psr- 
ticipating nations mould abstract and index their significant literature 
on peacefd uses of nuclear energy, in return for which they would 
share in the services and products of a common c o m p u t e r - p r m  
store of inf ormatian. 

The AEC and NASA began the joint prepamtion and di&nbu- 
tion to industry of summaries of non-nuclear technical innovati,, 
resulting from research and development work at  Argonne Nationd 

Active and well attended “Atoms in Action” Science Centem welp. 
conducted in The Netherlands, Ireland, Costa Rica, and Nicaragua 
at  the invitation of those countries and with the collaboration of their 
scientists. 

The AEC and its contractom have responded enkhusiastically trr 
President Johnson’s request to Government agencies for improrement 
in their service and communications to the public. The AEC‘E 
efforts have included posters and letter writing courses to poht UP tb 
need for clear language in dealing with questions from the PUN~C 

The AEC’s public information staff also has increased its efforts tn 
assist the growing number of utilities interested in nuclear p w e r h  
providing materials to these companies for their use in public undm 
standing programs. Another indication of inkrest in atomic eneW is 
found in the increased use of AEC’s motion picture film service; lJ 
new films were added to  the film libraries during the year. 

Basic principles in classification and declassification am beiq 
revised; coordination was achieved with other Federal agencies 

Ilabratory. 
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Eaisolt Commemoration. For the tenth consecutire Fear, the AEC and its con- 
tractors helped commemorate the February 11 (1s37) birthday of Thomas Alva 
FJjisOn by providing tours of its facilities to high school science students and 
teachers. Thousands of students and teachers toured T-arious AEC installations 
during the 19% commemoration. In photo alro.t.c, the functions of the Sodium 
Reactor Experirhent ( SRE) a re  explained to some of the 500 Los Sngeles students 

toured the Atomics International-operated facility near Santa Susana, Calif. 
During December, the decision to deactirate the SHE, which first began opera- 
tion in 1957 was announced. I n  photo bclozo, a Dlonsanto Research Corp. 
gientist explains some of the work being done on heat-producing radioisotopes 
at the AEC's Mound Laboratory, Miamisburg, Ohio. 
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release of space power information ; and about 14,000 additioml dwu 
ments were declassified and made available to science and industpS 

The AEC’s access permit program continued to Pro\ride ’ 

3 oll a controlled dissemination basis, classified information in nine a 
m s  re. q u i d  by industry but which cannot be declassified. Continuing da. 

classification of research and development work and the related report$ 
has caused the number of access permits to dedine from a maairnuQ 
of 1,432 in 1958 to 427 at the end of November. 

0 The AEC was granted 251 U.S. and 382 f o r e i p  patents during tbp 

oma- year and, pursuant to its policy of dissemination of technical hf 
tion land data to the public, has issued 10 p r e s  releases listing neR 

U.S. and foreign patents. A total of 1,158 non-exclu6ive licenses bs 
been granted on U.S. patents available for licensing. The commis- 
sioner of Patents referred to the AEC for review 699 privat+ omed 
patent applications in the )atomic e n e r u  field under Section 152 of 
the Atomic Energy Act of 1954, as amended. The AEC has acquired 
rights in 98 patent applications after completion of investigations 

Operational Safety 

During the year, operations a t  existing -4EC facilities W e R  h- 

viewed for air  and water pollution control measures: in genen], the 
operation of AEC facilities meets the requirements of the Esecutire 
Orders on abatement of pollution. However, some facilities will 
quire modifications for improved sewage treatment, better confinement 
of possible leakage from oil and chemical storage tanks, and in one in- 
stance, improved treatment of chemical wastes. 

Five AEC contractors and one AEC field office-Dow chamid 
Co., Phillips Petroleum Co., South Carolina office of the U.S. Forest 
Service, E. I. du Pont de Nemours & Co., Lns Vegas-Tonapah-Reno 
Stage Line and the Idaho Operations Office-earned the Commission‘s 
Award of Honor for outstanding safety performance. For the sixth 
time in I1 years, the AEC received the National Safety  council?^ 
highest award for an outstanding industrial safety record. 

t‘; 

cz3 
C= Industrial Participation Aspects 

23 

2 
-= 

In  working toward a position of industrial maturity-which has 
been evidenced by the upsurge of power reactor a n n o u n c e m e n t s ~ l ~  
cooperation and good communication between the AEC and thenuclwr 
industry have been essential. The Commissioners continued to m a  
with nuclear industry leaders for a free exchange of ideas and dim-E’ 
sion of common problems. Cooperative activities with indudq in- 
cluded revisions to  the AEC’s regulatory procedures, steps directed 
toward the commercial utilization of plutonium 8s a reactor fuel, the  
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tion of the AEC nuclear safety program, and participa-tion in m 
jllt,,mational commercial exhibit and technical symposium in Switzer- 

Indications of a maturing of the nuclear industry included: an 
ansion of reactor suppliers with commercial electric utility orders 

two firms to four; the opening of 5 second metal fabrication plant 
able of producing the very large pressure vessels needed as primary 

for large, ligh6 water reactors; it supplier of reactor fuel, other 
tjlan a reactor builder, received its first utility order for fuel ; purchase 
bj‘ several firms of uranium for future processing; the announcement 

reactor builder that it would no longer offer nuclear plants on a 
.‘turnkey” basis; and, the first commercial offering of radioisotope- 
onwed electric power systems. 

hich 
L7 

has=? 
;.-.’+; 

lstry in- 

8 k t h  XationaZ safety Azcurd. On July 12, AEC Chairman Glenn T. Seaborg 
Irighf) accepted, on behalf of the AEC and its contractors, the National Safety 
Council’s (KSC) Award of Honor for 1965 from Howard Pyle (center), President 

and 1965) the coveted honor has been awarded to the AEC, was held at the AEC’a 
Germantown, Md., headquarters. The AEC, through its employees and contractor 
KWnnel, has made a notable achievement in industrial safety; for 1965, its 
Uetp record ratio was 1.73 as compared w i t h  the overall industry average of 6.53. 
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1 Ofthe NSC. The ceremony, marking the sixth time (1955, 1960, 1962, 1963, 1964, 
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Safety S l o y m .  Few employees knew a t  first glance what this safety sign mid 
at the entrance to Isochem Inc., plant operations at Hanford, Wash. HoFeyer, 
those with a knowledge of Swedish understood the safety message: “vat& 
Where You Step or You’ll Step Into Trouble.” This unique safety communication 
accomplished its purpose. Phones rang busily in the safety office as curio- 
callers asked for translations. Those who didn’t call read the English version 
a few days later. The AEC’s chemical procesaing facilities, operated by 
Isochem since the first of 1966, hare  turned in excellent safety Performance or- 
the years. In  the past ten years, four h’ational Safety Council Awards of Honor 
have been won, each representing three million-man-hours worked without a 
disabling injury. 

The \ d u e  of interstate compacts for regional development in the 
atomic energy field has been well demonstrated by activities of the 
5-year-old Southern Interstate Kuclear Board. Steps were also taken 
by two State Governors! Conferences to form a. 13-State Jfidrred 
Nuclear Compact, and a 15-State and Territory Western Interstate 
Agreement. 

Administrative a n d  Management  Matters 

The last tKo of seven ne.w contractors prer-iouslg selected to 
~ p r a . t e  se,meiits of the Hanford production plant and related f d i -  
ties near Xichland, Wash., bok over their portions of the work from 
General Electric Co. Eleven contracting firms now are engapd in * 
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$ide variety of 4idiversification” projects, which will broaden the 
At the Nat.iona1 Reactor Testing Ststtion, 

eCOn 
qho, tv-o ma.jor firms engaged in nuclear work formed a suhidiary l d c  ,DIllpmy-Idaho Nuclear Corp.-to take over part of the work previ- 

OllSlY P erformed by Phillips Petroleum Co. Phillips will continue to 
con duct the AEC’s extensive safety program at the Idaho station. 
under a new contractual arrangement, the derelopnient of policies for 
Argonne R’ational Laboratory ( AXL) will be done collaboratively by 
tile Argonne Universities Association and the University of Chicago ; 

university of Chicago will continue to be responsible for manage- 
Dlent and operation of *4KL, in accordance with these policies. 

0 plant. facilities of the Connecticut Advanced K’uclear Engineer- 
ing Laboratory, a t  Jfic1dletomi, \i-liich liad been closed in 1965, were 
pllrdiased by United Aircraft Corp. for  approxinmtely $16 million 

omit base of the area, 

Distipiguished Service Award. The AEC’s General Manager Robert E. Hollings- 
Forth was one 01 five Government career emplogees to m i v e  the 1966 President’s 
Award for Distinguished Federal Oirilian Sercice. During the White House 
ceremony, President Johnson said, ‘ V e  know from our own history how very 
important is the fair administration of lams by men mho place the country’s 
welfare above their own. This is one definition of a truly g d  and great public 
senant.” The President characterized BZr. Hollingsmorth as a man “who has 
nSed imaginative methods within the Atomic Energy Commission, to liberate and 
encOurage the fullest expression of creative energies of his aaff.” Photo shows 
( Y t  to r i g h t )  Civil Service Commission Chairman John W. Macg, Jr., Mra. 
Bollingsworth, AEC Chairman Glenn T. Seaborg, Mr. Hollingsworth, and 

President.. , , , ~ ti 
3 
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in a competitive-bid sale conducted by the General Services Admin. 
&ration. The new owner was providing employment for 1,500 \vOrk- 
BE in the plant at the end of the year. 

Other AEC installations and Federal agencies took advantage of 
the unique plant facilities and technology available at AE& Oak 
Ridge, Tenn., and Paducah, Ky., plants, thus increasing the effectire 
us8 of these facilities. An extensive vocational-technical trainin- 
program, under interagency sponsorship, was launched at oak Ridg: 

Lazorence Azoard. The five scientists chosen to receive the AEC’s 1966 Em& 0. 
Lawrence Award were : Dr. Harold M. Agnew, Los Alamos Scientific Laborabv, 
Los Alamos, N. Mex., for his highly significant contributions to the development 
of nuclear weapons and for his outstanding success in working with the A ~ ~ J J  
Services to assure the maximum safety and effectiveness of atomic weapm 
systems; Dr. Ernest C. Anderson, Los Alamos Scientific Laboratory, for 
outstanding contributions to nuclear medicine, t o  biological research, to 
archeological dating, and for the development of liquid scintillation counting 
which made wssible early neutrino experiments and the liquid scintiIlator Thole 
body counter ; Dr. Xurray Gell-Mann, California Institute of Techndopy, 
Pasadena, Calif., for his contributions of the highest significance to the theory 
of elementary particles and for the exceptional stimulus he has prorided to 
experimental and theoretical work in ithe field of physics ; Dr. John R. Huizew. 
Argonne National Laboratory, Argonne, Ill., for outstanding accomplishmen& 
In elucidating nuclear fission processes, especially in the study of spontanm 
fission; and Mr. Paul R. Vanstrum, Union Carbide Corp., Oak Ridge, ’J~DL 

for his outstanding technical administration and leadership in the de re loPd  
of isotopic separation processes for uranium and for his technical contribution, 
in developing the zonal-gradient liquid centrifuge for biological uses. 
recipient received a citation, a medal, and $5,OOO. Photo, taken after the April 27 
award ceremony, shows (Eejt to right) Mr. Vanstrum, Dr. Huizenga, 
Auderson, and Dr. Agnew. Dr. Gell-Mann was unable to  attend the Cermonl- 

T 
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Termination of AEC ownership and management of the utilities 
d municipal installations at the community of Los Alamos, N. Mex., an mov;ng toward culmination. Los Alamos County has contracted lvf l  

gith the AEC to operate in the community area, the g a s  and electric 
mfibution systems and most all of the municipal functions. T h e  

munity telephone system was under negotiation for sale, the school GOJn 
facilities were transferred to the County BoaEd of Education Trustees, 
a.ad & estate sales were progressing. 

0 Facilities owned by the Government and operated by 40 AEC 
&type contractors employed about 104,000 persons, an increase of 
2 7 percent over the previous year. 

0 During the first 10 months of 1966,1,448,63? man-hours were lost 
by strikes representing approximately 0.7 percent of the total working 
the scheduled compared to 420,885 man-hours or 0.2 percent of sched- 
uled time lost in the same period of 1965. Strikes at the Nevada Test 
Site, the Kational Reactor Testing Station, and at the Hanford com- 
lex accounted for over 80 percent of the lost time. P 

Cost-type contractors at AEC facilities responded to The Presi- 
dent‘s Youth Opportunity Campaign by hiring 1,000 young people 
during the summer. About one-quarter were members of minority 
pups.  The ,4EC also instituted a “summer intern program” for 
students who had completed three years of college; 64 youths took 
advantage of the program. 

@ During the year, the percentage of Kegroes employed directly 
by AEC increased from 4.3 to 6.4. I n  its contractor compliance pro- 
gram, AEC conducted on-site reviews of 582 privately owned estab- 
lishments. Minority employment by AEC cost-type contractors 
increased during the year from 5.9 percent tu 7.3 percent of total 
employment. 

The AEC has proposed that the Atomic Energy Act be amended 
to authorize the AEC It0 provide financial assistance to State partici- 
pating in a uniform record-keeping system for radiation workers. 

The Council of State Governments has adopted proposed uniform 
~orkmen’s compensation legislation for radiation in jury, incorporat- 
hg standards proposed by the A m .  

Small business, for the fifth consecutive year, continued to  receive 
more than 45 percent of the subcontracts let by AEC prime contractors. 

The Board of Contract Appeals continued throughout 1966 as an 
effective means of resolving contract disputes. The Board T-TS able 
h expeditiously resolre contracts disputM, using to the fulles: ns tent 
the informal procedures established by the board and the mandatory 
Qnference which the Commission provided in the board’s rules. The 
membership of the board was expanded to 20 members. 



Fermi Azcard. The AEC’s Enrico Fermi award  for 1966 went b Prgessnr 
Otto Hahn, S7, who lives in Goettingen, West Germany : Professor Lise 3jeitner, 
S7, who was born in Vienna and worked for many years in GemanF, who now lives 
in England ; and Professor Fritz Strassmann, 64, Director, Institute of lnOr- 
ganic and Nuclear Chemistry, Mainz University, alainz, West Germany. The 
three scientists were selected as joint recipients because of their combined and 
individual efforts in discovering nuclear fissioning. Photo above shows DE. Bab 
( l e f t )  and Strassmann ( r i g h t )  with AEC Chairman Glenn T. Seaborg after the 
award ceremony on September 23 during the International Atomic Energy Agency 
conference in T’ieniia, Austria. Dr. Bleitner was unable to attend the ceremony io 
Vienna, the city of her birth. Photo beZozo shows the award Presentation made to 
Dr. hleitner at her Cambridge, England, home On Octokr  23. On the left is 
Dr. Meitner’s nephew, Professor 0. R. Frisch, 8 physicist who collaborated with 
her in predicting that when an atom of uranium is split-as discovered by Drs. 
Hahn and Strassniann in 193&-each fra-ment could “. . . give r i se  to a chain of 
disintegrations . . . .” The fissioning discovery and theory led the late Dr. Fermi, 
leader of a group of scientists at the University of Chicago, to achieve the first 
self-sustained nuclear chain reaction on December 2, 1942. The 1966 Fermi 
Award was the first time : ( a )  the $50,000 prize was shared : ( b )  it was presented 
to  foreign scientists ; and (c) a woman was the recipient. 
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LICENSING AND 
REGULATING 
THE ATOM 

A marked increase in applications to construct and operate civilian 
anclear powerplants in 1966 highlighted the Atomic Energy Com- 
IDission’s task of protecting the public health and safetry in the peace- 

us8 of the atom. This, coupled with a growing number of an- 
powcements of plans for other nuclear reactors, heralded a period of 

i licensing and regulatory activity in connection with the electric 
[ @Wer industry’s stepped-up schedules for atomic power in the 1970’s. 
1 b h g  the year, major actions continued to improve the licensing proc- 

and further assure the carrying out of the AEC’s regulatory 
1 - BTonsibilities with respect to both nuclear facilities and the use, 

~jnsport, and disposal of radioactive materials. 
The growth of the industry and the advent of private ownership of 
pi11 nuclear material also prompted the AEC to begin development 
&regulatory requirements designed t o  further assure the safeguarding 

f special nuclear material from the standpoint of the common defense 
ad security (see Chapter &Source and Special Nuclear Materials). 

ME INCREASE IN NUCLEAR POWERPLANT APPLICATIONS 

The electric power industry’s early scheduling of commercial nu- 
over on a large scale in 1966 exceeded the most optimistic fore- 
During the year, 11 utilities submitted construction permit 
tions for 16 power reactors designed to produce an agbgregate 

egawatts of electric power (&[we>. Four of the 16 reactors 
announced as planned during 1965. Nearly all of these 

reactors are scheduled for commercial operation in 1970 and 

ar’s end, applications were in prospect for 16 more large power 
? plans for which had been publicly announced in 1965 and 
12 utilities and utility groups. These planned reactors, which 
dd another 13,072 net Mwe to central station nuclear power- 

- 
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plant capacity, also are projected for commercial operation in the earlg 
1970’s. 

More Announcements Foreseen 

I n  addition to prelicensing meetings with companies which submit- 
ted aItplications or announced their plans in 1966 to build reactors, 
the AEC’s regulatory staff held discussions with representatives of 
several other utilities which have either firm or tentative nuclear poiTer 
plans for the future that had not been publicly announced by year‘s 
end. In these meetings, prospectire applicants were given informal 
staff views on siting questions and matters associated with safety fea- 

tures of projeded reactors, and information on the procedural aspects 
of the AEC licensing process. Also, meetings were held with manu- 
facturers to discuss conceptual designs for nuclear reactors, or to 
duct prelicensing reviews of reactor systems and components. 

NU 
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Zicensing Trend. By the end of 1966,12 central station nuclear powerplants had 
been licensed or authorized for operation; 10 others were in various stages of 
construction ; and applications were under review for the construction of 16 mom 
large nuclear power reactors. At  year‘s end, there were indications that tk 
current high rate of applications for construction permits would continue d m  
1966. In the chart, projections beyond 1966 indicate potential new applications 
for power reactor construction permits in 1967 and estimated total number of 
operating power reactors by 1971 if all applications currently under rerier 
those for which plans have been indicated are approved. LiceWd reacton 
continue under AEC surveillance throughout their lifetimes. 
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The status of regulated central station nuclear powerplants and ap- 
lications in process a t  the end of 1966 was as follows: 
0 Ten under construction, with capacity of more than 5,000 net 

0 Twelve either in operation or which have achieved criticality, 

0 Sixteen under reviev or awaiting decisions of atomic safety and 
licensing boards, with a combined capacity of more than 11,000 net 
Mwe. 

(See Appendix 4 for listing of central station nuclear powerplants 
in operation, under construction, under review, or planned.) 

P 

Mwe. 

installed capacity of slightly over 1,000 net Mwe. 

“Double - H ea der” A p p I i cation s 

Of particular interest among the 1966 applications were reactors 
larger than any previously proposed for licensing, and four applica- 
tions for the simultaneous licensing of two reactors. The “double- 
header” applicants included : the Tennessee Valley Authority (TVA) , 

Turkey Point. The above is an artist’s rendering of the Florida Power & Light 
b.’s Turkey Point power generating complex on the southern shore of Biscayne 
hY, 30 miles south of Miami. The Bechtel Carp, is performing engineering- 
mwtruction responsibilities for both the two conventional 425Mwe units 
huare buildings in foreground) and the two Westinghouse pressurized water 
Wlear units of 722 Mwe each (circular buildings in kckgrouitd) .  Construction 
of the initial nuclear unit is slated to begin early in 1967 with operation scheduled 

1970; the second unit will be in operation a year later. 

:s;!’-’: i J l t  
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two 1,065-RIwe reactors at its projected Brovms Ferry Nuclear power 
Plant near Decatur, Ala.; Florida Power & Light Co., twin ? 2 . - ~ ~ ~  
reactors at Turkey Point, Fla.; Commonwealth Edison Go,, twin 
715-RIwe units near Cordova, Ill. ; and Duk0 Power Go., two 839-b.p~~ 
units in western South Carolina. (Individuel applications and xCens 
ing actions are discussed in Chapter 2 R e a c t o r s  and Other Nuc~& 
Facilities Licensing.) 

IMPROVING THE 
REGULATORY PROCESS - 

Keeping pace with the increasing nuclear power activity, the AEC 
has continued to improiTe its licensing procedures. Significant prog- 
ress was made in the further development of reactor safety stand- 
ards and in prokiding definitive guidance to utilities and other appli- 
cants in the preparation of applications for facility construction per- 
mits. During the year, a review panel appointed by the C h ~ ~ i o ~  
conducted a study designed to seek improvements in the AECs pm 
cedures for handling contested facility licensing cases. In the matb 
riala licensing field, another independent panel began a COmprehemiye 
review of AEC policies and procedures for regulating and licensing 
the uses of radioisotopes. 

RULE CHANGES AND POLICY 

On January 21, 1966, the AEC published in the Federal Reg&& 
for comment and interim guidance: ( a )  proposed changes in its regu- 
lations designed to shorten AEC reactor licensing proceedings and to 
clarify some existing regulations, and (71) a Statement of Gene& 
Policy concerning the conduct of public hearings by atomic safe5 
and licensing boards. Largely reflecting several recommendations 
made in 1965 by a special Regulatory Review Panel* appointed kg 
the Commission, the final amendments and policy statement were 

lThe Regulatory Review Panel (also known as the “Mitchell Panel’’) appointed lv 
the Commission in 1965 focused its attention primarily on policies and procedures reg*rd- 
ing uncontested cases (see pp. 18, 297-299, 31)5-3@7, “Annual Report to COD- fer 
1965”). Members were : William Mitchell, Washington, D.C., attorney and fomer 

Counsel of AEC, Chairmun; Dr. hianson Benedict, .head of the Department of NndW 
Engineering, Nassachusetts Institute of Technology, ‘Cambridge ; Roger J. Coe, vice mi- 
dent, Yankee Atomic Electric Co., Boston, Mass, ; Dr. Emerson Jones, President, T d  
Management, Inc., Lincoln, Nebr.; Dr. C. Rogers McCullough, Senior vice p r d h t  
h’uclear Utility Services, Washington, D.C. ; James F. Young, Vice President for Endncct. 
fng Services, General Electric Co., N.Y.C. ; and Dr. Walter a. Zinn, Vice President, Oat. 
bustion Engineering, Windsor, Conn. 
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ublished in the Federal Regzkter on September 30, 1966, and became 
(Proposed and effective changes in ,4EC P 

effective October 30, 1966. 
rules and regulations are summarized in Appendix 5.) 

cFR Changes - t  

Principal changes to Parts 2, 50, 55, and 115 of Title 10, Code of 
Federal Regulations (CFR) are : 
(1) In uncontested facility construction permit application cases, the 

atomic safety and licensing board will determine: (a) whether 
the application and record of the proceeding contain sufficient 
information, and (71) whether the AEC regulatory staff review 
has been adequate to support the findings and the issuance of a 
provisional construction perniit as proposed by the Director of 
Regulation. 

(a) The Commission’s “ex parte” rules limiting communications be- 
tween Commissioners and boards on the one hand, and the AEC 
staff on the other hand, mere relaxed to facilitate Commission 
review, and to permit greater access by the Commission and its 
presiding officers (hearing examiners or boards who conduct 
public hearings) to the expertise of the regulatory staff in deal- 
ing with the safety considerations inyolved in uncontested initial 
licensing proceedings. 

(3 )  Technically qualified alternates may be appointed to atomic 
safety and licensing boards to serve in the event that a board inem- 
ber should become unavailable before the start of a hearing. 

14) The initial decision of a board or a hearing examiner directing 
issuance or amendment of a construction permit or authorization 
will become effective immediately, without the necessity of the 
applicant filing a motion, unless good cause has been shown by a 
party to the proceeding why the decision should not become im- 
mediately effective. The initial decision will continue to  be sub- 
ject t40 review by the Commission and to  any order the Commission 
may make within 45 days after issuance. 

I.5) Jurisdiction of a board or hearing examiner mill terminate at the 
time the initial decision becomes the final decision of the Com- 
mission, or when the Commission takes final action. 

(6) Clarification v a s  made of the point that certain design and tech- 
nical illformation need not be submitted until the operating stage. 

The Statement of General Policy explains procedures to be fol- 
by the boards in the conduct of public hearings on construc- ? 

4 3 2  tion permit applications. 
g 5 li c - i  ;; ij d 
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Review Panel on Contested Cases 

On April 4, a second review panel was appointed by the C o w  
sion to study AEG procedures in contested nuclear facility liensinp 
cases and to  recommend possible improvements. m e  new panel Study 
is a sequel to  the work of the 1965 Regulatory Review Panel which 
dedt  primarily with uncontested facility cases. The results of the 
review are expected to be presented to the COmmiSSion early in 1967 

DEVELOPMENT OF SAFETY STANDARDS FOR REACTORS 

Significant progress in developing reactor safety m d a r d s  wag 
made, particularly in the areas of: (a )  general design criteria for 

9 nuclear powerplant construction permits, including supplemenh 
design criteria for major components and systems of reactom; and ( b )  
improved technical specifications for licensed nuclear facilities 
further guidance for a.pplicants on the content and preparation of 
safety analysis reports. 

Design Criteria for Nuclear Reactors 

Development continued on the “General Design Criteria for  Nuclear 
Power Plant Construction Permits,” which had been issued in pro- 
posed form with a public announcement on November 22, 1965,s for 
comment and interim guidance. Representing an effort to set forth 
design and performance criteria for reactor systems, components, md 
structures which have evolved in AEC licensing experience, these pro- 
posed criteria have already served to guide a number of prospective 
applicants and reactor equipment mmufacturem. Recognizing that 
additional criteria are needed in the evaluation of reactor design 
details, the AEC initiated, with industry cooperation, two programs 
to develop detailed supplementary criteria for water reactors. 

A cooperative study has been undertaken under the auspices of the 
United States of America Standards Institute (USASI) to develop 
specific design performance criteria for components and systems of 
pressurized water reactors. Under an experimental arrangement with 
USASI’s Nuclear Standards Board, seven task groups, with rep- 
latory staff assistance,, worked on supplementary criteria in 
assigned areas throughout 1966. The principal manufacturers of p* 

a Members are  William Itf itchell, Washington, D.C., attorney and former General (bund 
for the AEC, Chairntan; Gerald Chamoff, Washington. D.C., attorney and formerly 
Project8 manager of the Atomic Industrial  Forum ; and Roger Coe, Vice President, 
Atomic Electric Co., Boston, Mass. 

9 AEC prese announcement 8-252, Dlvldon of Public Information, U.S. Atomic 
Commission, Washington, D.C. 20545. 
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surized water reactors participated in the effort, which is expected to 
roduce draft criteria early in 1967. 
In  parallel with the pressurized water reactor program, the AEC P 

undertaken development of similar criteria for boiling water 
+tors in cooperation with the principal designer of this kype. 

Code Development for Pressure Vessels 

The ,4EC has cooperated closely vi th  the American Society of 
jfshanical Engineers' (ASME) Code Committee on Boiler and 
pressure Vessels in its effort to extend effectiveness of the code in 

This program was aimed at : ( a )  exploring 
nays in which the code for reactor pressure vessels might be improvecl, 
and (6) developing procedures to  extend equivalent code coverage to 

applications. 

Dresden Units. Workmen at Commonwealth Edison 00.'~ Dresden Nuclear Pomr 
station near Morris, Ill., in mid-November, 1966, (topped out the steel drywell 
:hat will enclose the Dresden 2 reactor. Shaped like an inverted light bulb, the 
Il@foot-high structure contains over 700 tons of steel. Dresden 2, a 71Snet- 
megawatt unit, i+q scheduled for service early in 1969. A similar unit, Dresden 
3, also is under construction at the site (steel rods in foreground) and is scheduled 
for service in 1970. Both additions are being built by General Electric Co., With 
k z e n t  6: Lundy as the architect-engineer. The tall stack in the Buckgrozind is 

original Dresden 200 Mwe plant that  has been producing commercial elec- 
tricity since 1960. 

5UOq158 
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Uch as all pressure-retaining components of reactor primary sptem 
piping, valves, and pumps. 

N e w  Technical Specifications System 

A revised system of technical specifications ( h e m e  conditions) for 
nuclear reactors was published in the Federa2 Reghter  on August l6 
for a 120-day comment period and also to provide interim 
to applicants for construction permits and operating licenses. 
oped over a tmo-year period with the assistance of a task force that 
included key AEC regulatory personnel, members of the AEC's Ad- 
visory Cornmittee on Reactor Safeguards ( ACRs) members of the 
Atomic Safety and Licensing Board Panel, and scientists from - 4 ~ 6  
contractor organizations, the proposed changes in 10 CFR Part 50 
of AEC regulations are designed to focus attention of both liNnw 
management and the AEC on those reactor features which are vital 
to safety. Experience has shorn that all the previous detail cham- 
terizing technical specifications is not essential to safety. Sine tech- 
nical specifications are a part of the operating license of each reachr, 
and define important safety features which cannot be chanpd without 
A E C  approval, they are a central feature of the continuing relation- 
ship between the AEC and the licensee during the operating lifethle 
Qf the reactor. 

The proposed new technical specifications system would require 
applicants, in teclmical information submitted in support of applja- 
tions for construction permits, b emphasize the principal safety fw- 
tures of the facility and their relationship to the site. They mould 
also be required t o  emphasize analysis and evaluation in the final 
safety analysis report submitted at  the operating license stage in order 
to shorn that safety functions will be accomplished. The applicant's 
proposed technical specifications wouId be required with the applica- 
tion for an operating license. 

Gnder the proposed regulation changes, the applicants also m 
given definitive guidance, for the first time, on the type;; of infoma- 
tion needed by the AEC at the construction permit stage and at the 
operating license stage. 

To further assist applicants, a ''Guide for the Organization and 
Contents of Safety Annlysis Reports" has been prepared. It is de- 
signed to expedite review of licensing cases by specifying more clear]! 
t l ~ e  infopation needed by the AEC in its e~aluat ion.~ 

'The guide may be obtained from the Commission's Public Document Room, 13; 
Street. K.R. ,  Washington, D.C., or by writing to  the Director, Division of Reactor Licep* 
ing, C.S. Atomic Energy Commission, Xashington, D.C. 20545. 
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Study launched on Reactor Fuel Cooling Systems 

On October 21, the Commission established a task force from the 
industry and the AEC's national laboratories to review emer- 

ency core cooling systems for power reactors, and the plienomena E with core meltdown. AEC staff representatives are partici- 
ating in the study. The AEC's Advisory Committee on Reactor P Safeguards participated in discussions with the Commission leading 

io &%blishment of %he task force. 

&art of Epic Vcqage. The 657-ton, 5-story high reactor vessel for the Niagara 
Mohawk Power Corp.'s nuclear power station on Lake On ta r i e l a rges t  piece of 
nuclear power equipment ever made-is shown lifted 'by a river dock crane for 
loading onto a special barge on the Tennessee River at Chattanooga, Term. Built 
by Combustion Engineering, Inc., the massive vessel was too large t o  travel by 
rail or highway. Thus, it began an epic 2,100-mile voyage on SepL 30, 1966, 
ahich took it over six rivers, two canals, and four of the Great Lakes, e- 
minating in mid-November at the site of the Nine Mile Point Nuclear Station 
north of Oswego, N.P., on the shore of Lake Ontario. Starting out on the 
Tennessee River, khe lbarge also traveled over the Ohio, Mississippi, Illfnois, 
8t. Clair and Detroit Rivers, the Chicago Canal, Lakes Michigan, Huron, Ontario, 
lad Erie, and the Welland Canal. Although the Army Corps of Engineers was pre- 
aared t o  lower the level of the Chicago Canal, mater ballast was used to permit 
u e  passage, with six inches to spare, under the 'bridges of downtown Chicago 

Out onto Lake Michigan. A large crane awaited arrival of the  vessel a t  khe 
site where General Electric Co. is constructing Niagara Mohawk's W M w e  boil- 
k water reactor. 

'Members of the task force are: Dr. WilIfam Krasny Ergen, Oak: Ridge National Labora- 
b$ oak Ridge, Tenn., Chairman; Dr. Louis Baker, Jr., Argonne National Laboratory, 

- 
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IMPROVING RADIOISOTOPE LICENSING 

of On October 31, the Commission appointed an Il-member panel c 

persons from outside the Government to review and appraise the mc, 
policies and procedures for regulating and licensing the uses of bv- 
product materials (radioisotopes) 

The AEC has been examining its regulatory program with tile a;ln 
of simplifying the radioisotope licensing P r o c B  %--here possible while 
maintaining the excellent safety record that has been acllievd. 
making an independent appraisal of the developkg program, the 
panel will give special attention to chmges contemplated by the Ai~:C 
and identify improvements that might be made. Its rWOmmendatiOm 
will be reported to the Commission and made public in rnid-1967. 

S 

Y 

FINANCIAL PROTECTION 
AND INDEMNIFICATIONN 

During 1966, further improvements were made in the 
son indemnity legislation? which Congress had extended in 1963 for 
an additional 10 years, from August 1,1967 to August 1,197:. 

During the hearings before the Congressional Joint Committee on 
Atomic Energy ( J C m )  which preceded enactment of the 1965 ] e g g  
lation, a number of problem areas mere identified relating to hoF 
persons suffering damage from a nuclear incident might obtain rapid 
and adequate financial compensation. 

Argonne, Ill. : Eric Stephen Beckjord, Westinghouse Electric Corp., Pittsburgh, Pa. : d 
Philip Bray, General Electric Co., San Jose, Calif.; Dr. Salomon Levy, General Electrk 
Co., San Jose, Calif.; I. Harry Mandil, NPR Associaten, Washington, D.C.; Dnrld L 
Morrison, Battelle Memorial Institute, Columbus, Ohio ; Warren E. Nyer, Phillips Petroleum 
Co., Idaho Falls. Idaho ; Xichael F. Valerino, Combustion Endneering, Inc., Wtndser. 
Conn. ; Robert E. Wascher. Babcock and Wilcox Co., Lynchburg, Ta. ; nnd T. R. Vi‘iieok 
Phillips Petroleum Co., Idaho Falls, Idaho. 

e Panel members are  : George E’. Trorbridge. a partner in the Washington, D.C, InW 
of Shaw. Pittman, Potts. Trowbridge A% Madden, Chairman; Dr. Lauchlin Az. Curtie, Mamar. 
oneck, h’. P. : Dr. John 31. Heslep, Department of Public Health, State of California. B e r k  
ley, Calif. ; Dr. Wilfred R. Konneker. Xallinckrodt Chemical Works, St. LOlliP. %. : pr. 
S e m o u r  Kothchild, New England Xuelear Corp., Boston, Mass. ; Dr. Nerrfll A. BPE*f, 

Koswell Park Nemorial Institute, Buffdo. N.T. : Donald T. Green, Picker X-UY cos- 
Cleveland. Ohio ; Herbert Parker, Consultant, Pacific Northwest LaborutorS. Hadod 
Wash. ;  I k .  J o h n  P. Eynn, Minnesota Xiuing and Jlanufacturing Co., St. P O U l .  flim 
G w r r e  H. E. Ttiylor. Department of Rikrptirch, AFL-CIO, Washington, D.C.. ant* 

‘ 
Hoyt Whipple, University of Michigan. Ann Arhor, Mich. 

‘Public La- 8!3-210; see p. 300, “Annual Report to Conness for 1965.” 
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lndividucrls of Prime Concern 

Concern was expressed, for example, that there was no assurance 
that all State courts would impose a rule of strict liability in the event 

nuclear incident. A victimk inability to prove negligence in such of 8 
0 @  SO might preclude compensation for his injury or damage. Further 
@ncern involved varying State laws respecting the time within which 
B $0 rt; action may be brought. The limitation period in many States 
is considered inadequate in cases of delayed manifestation of radiation 
injuries. Thus, there was concern %hat victims in different jurisdic- 
tions might be subjected to unequal and possibly unfair treatment. 

Several related problems were identified iiiduding : (a) the diffic.ulty 
that could be expected if a. large number of suits arising out of a serious 
nuclear incident were filed in different iurisclictions, (6 )  the problem 
of apportioning insurance and indemniry funds, and ( e )  the lack of 
,,rdinated procedures for the processing of claims for enl Zrgency 

~ @lief. 

1966 AMENDMENTS 

Subsequent to tlie identification of these problems, remedial legis- 
lation xas drafted through cooperative. efforts of the staffs of the AEC, 
the JGAE, and representatives *of utilities, reactor manufacturers, in- 
arm, and suppliers. The bills were introduced by Congressnian 
Price and Senator Anderson. Following hearings before the JCAE 
on June 19-21, the amending legislation was passed by tlie Congress 
a d  on October 13, was signed by the President. (Public Law 89-645.) 

Emergency Assistance Provided 

The amendments, among other things, authorize the Commission 
md insurers to make emergency assistance payments andable to  
daiman ts immedi a t elg f oll owing n nuclear incident without requiring 
claimants to sign a releme. In  the event of an "estraordinary nuclear 
Isccurrence," as defined in the amendments, parties to indeninitS agree- 
nents or financial protection policies m a r  be required ,by the Com- 
is ion  to waive certain defenses, including negligence, contributory - _ -  - 
qligence, governmental immunity, and statutes of limitations shorter 
&an three years from the time the claimant learns of his injury and its 
a ~ ,  up to a maximum of 10 years. 

In addition, all actions resulting from an extraordinary nuclem 
f'currence maF be consolidated in the U.S. District Court for the clis- 
*:ct in mhich the occnrrence takes place, and plans of distribution imp 
z approved by the court if it  appears that liability for a single es- 
aordinary nuclear incident may exceed the limit#ation of liability. 
The Commission is now preparing for publication and public com- 

Wt criteria setting forth the bases it i d 1  use in determining whether 
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an “extraordinary nuclear o ( x u ~ n ~ ”  has t ahn  ph.ce, as well as 
propriate (amendments to its regulations. BP- 

Agreements in Effect 

At the end of the year, 85 indemnity agreements were in effect with 
AEC licensees. Coverage included the operation of 12 power react,,, 
4 test reactors, 71 research reactors, 1’7 critical facilities, a chemical 
reprocessing facility, and the N.S. Savannah; the storage only of nu- 
clear fuel at 7 reactor sites; and 2 ~ ~ I l s t ~ c t i o n  &)emits. During the 
12 months ended November 30, the AEC billed a total of $123,57!~~~ 
in indemnity fees. 
To dab, the excellent radiation safety record has been such that 

there have been no claims under licensee indemnity agreements. 

- 

RADIATION SAFETY RECORD OF LICENSEES 

The approximately 7,000 AEC materials and facility limns-, 
whole, continued to  compile a good radiation safety record during 
1966. 

Licensees are required by Section 20.403 of the AEC regulation 10 
CFR Part 20 to report certain d e h e d  incidents occurring in licensed 
operations which involve human exposures to radiation, the releas of 
radioactive material, the shutdown of facilities, or property darn%&& 
I n  all, 24 incidents of sdiicient si&cance to justify investigation 
were reported and investigated in the 12-month period ending h’ovem- 
ber 30, and only seven of these resulted in radiation exposures e x d -  
ing AEC-specified limits. Nine persons were involved in th- ex- 
posures, and there were no fatalities due to radiation exposure. (The 
four facility incidents reported in 1966 are described in Chapter 2 
under “Inspections of Facilities,” and the 20 incidents involving radb  
active materials licensees are discussed in Chapter 3 under “Radiation 
Incidents.”) 

I n  general, the record of AEC licensees in complying with require- 
ments of their licenses and AEC regulations has been very good. 

‘Types of incidents reqnlred to be reported pursuant to 10 CFR Part a0 are descrfbcd 
on page 302, “Annual Report to Congress for l(W5.” Licensee -porta on all such incidents 
are filed for public inspection in the AEC Public Document Room, 1717 H Street hW+ 
Washington, D.C. 20545. 
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REACTOR AND 
OTHER NUCLEAR 

I FACILITY LICENSING 
The AEC’s regulatory program for nuclear facilities is aimed 

tovard assuring that the construction and operation of reactors and 
o&er nuclear facilities is conducted in a manner consistent with public 
halth and safety and the common defense and security. The pro- 

encompasses both proposed new facilities and surveillance of B of existing facilities. 

THE REGULATORY PROCESS 

addition to its licensing activities, the AEC’s regulatory staff 
responsibility for the conduct of safety reviews of reactor facili- 

tis owned and operated by the AEC and by the Department of De- 
fense, providing advice on siting, design and operation of reactors, 
a d  porting operations for nuclear vessels. 

The licensing of a power or test reactor involves a comprehensive 
safety analysis of the application for a construction permit by the 
,@C regulatory staff and an independent review by the Advisory 
Committee on Reactor Safeguards as required by the Atomic Energy 
Act of 1954, as amended. A mandatory public hearing is then con- 
ducted by an atomic safety and licensing board appointed by the Com- 
mission from the Atomic Safety and Licensing Board Panel. After 
the hearing, the board renders an initial decision which is then sub- 
ject to review by the Commission. Essentially the same t m e  of review 
process occurs with respect to an application for an operating license, 
except that a public hearing is not rnandat0ry.l Licensed reactors con- 
hue under AEC surveillance throughout their lifetimes. 

‘me licensing process is described In detail in the booklet, “Llcenslng of Power Reactors,” 
which may be obtained, without charge, by writing to the Divislon of Reactor Licensing, 
Br the Division of Public Information, U.S. Atomic Energy Commission, Washington, D.C. 
20545, 
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Role of the ACRS 

The Advisory Committee on Reactor Safepards (ACRS) is a 

ect to 
statutory group established to advise the Chmmission with resp 
the safeky aspects of proposed and existkg nuclear facilities. 
cornmitttee (see ~ppen i i ix  2 for listing of members) conducts an in&,- Ike 

pendent review of safety studies referred to i t  and presents its wh 
clusions and recommendations to the C m m k i o n  in written r epo~ i  
which are made part of the public record, except for  classified rnakpial. 
The ACRS not only evduates the safety aspwts of proposed neR fa- 
cilities, but also reviews significmt change to existing facilities op 
their method of operation, and participates in the preparation and &- 
view of proposed safety standards. The ACRS is composed of repre. 
sentatives of the nuclear and other phases of American industn and 
of several national laboratories and academic institutions, Kc0 are 
experts in their fields with substantial experience in physics, enginwr- 
ing, chemistrg, metallurgy, and enrironmental sciences. 

During 1966, the full committee met on 14 occasions, and 69 mWt,  

ings of ACRS subcommittees were held. The committee p r o ~ d d  
reports to the Commission on 13 privately or mmkipally owned facil- 
ities, 7 on Commission facilities, and 2 on facilities owned by ot~~ergor- 
erninent agencies. I n  addition, the ACRS submitted six reions 
011 general subjects such as periodic, comprehensive (10 year) reriews 
of operating power reactors and reactor safeguard research, and par. 
ticipated in the development of nuclear facility safety criteria and 
guides. 

ASLB Hearings 

Statutory Atomic Safety and Licensing Boards (ASLB) mere BE 

tablished in 1962 to permit greater flexibility and informality in the 
conduct of power reactor licensing proceedings. Prior to the estab- 
lishment of the boards, the public hearings were conducted by AEC 
hearing examiners. These boards are selected from a panel (see -4p 
pendix 2 for list of members) made up  of technically qualified persons 
from the academic community, private industry, including AEG COR- 
tractor personnel, and the -4EC's hearing examiners. A tlme-man 
board-composed of ttro tecknical experts and one member qualifid 
in the conduct of administrative proceedings--is drawn from the panel 
for each licensing matter referred to the ASLB by the Commission. 
I n  addition, a technically-qualified alternate is appointed to each board- 

During 1966, six new bonrds were designated. 
On November 30, the Commission established the positions of P- 

manent Chairman and Pice Chairman of the ASLB Panel to wordi* 
nate the activities of the boards and help expedite the conduct Of 
licensing hearings. 
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MAJOR LICENSING ACTIONS 
xuclear facilities licensed or authorized for operation at the end of 

1966 totaled 106 as compared to 99 at the end of 1965. These included 
16 power reactors, mostly operated bj- privately owned public utili- 
ties; 3 test reactors, 2 orned by industrial firnis and 1 by a Federal 
uencr ; 16 critical experiment facilities, priinarilp industrial ; 70 re- 
RE 

reactors, mostly owned and operated by universities and other 
@dUmtional groups ; and 1 chemical separation facility. Also, four 
licenses for possession only were in effect. I n  addition, at the end of 
1966,20 canstruetion permits and authorizations were in effect for the 

of 11 power reaotors, 1 test reactor and 12 research reac- 
tors. 
In addition to  undertaking review of the unprecedented number of 

powerplant applications received in 1966, the AEC completed 
several significant licensing actions during the year. These included 
issuance of: 

Construction permits for five large nuclear powerplants with it 
total capacity of 3,223 hlwe ; 

Provisional operating license for one nuclear powerplant, and a 
fdl-term operating license for a second plant ; 

0 Five construction permits and five operating licenses for research 
reactors; and 

0 Operating license for the first privately owned irradiated nuclear 
fuel processing plant. 

0 The staff also completed its safety review of an application by 
kchem Inc., t o  construct the proposed Fission Products Conversion 
and Encapsulation Plant at Hanford, Wash., and the Commonwealth 
Edison &.'s application to construct two reactors near Cordova, 111. 

At year's end, the AEC had under review 12 construction permit 
applications for 16 large power reacbrs-the majority of which were 
w&ed in the last half of 1966-and for a second irradiated nuclear 
fuel processing plant. 

(One permit covered five research reactors.) 

POWER REACTORS 

Significant licensing actions, new applications received, land the 
gatus of power reactors under construction aze summaxized below: 

Construction Permit Applications 
c, 

Malibu Nuclear Plant Unif 1 

As a result of exceptions filed It0 an A'SLB's initial decision of 
July 14, issuance of a construction permit for $he Malibu, Calif., RU- 

2: 
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46 REACTORS AND OTRER NUCLEAR FACILITIES LICENSING 

clear plant awaits a formal Commission review (see “Commission Ad. 
judication” summary near end of this chapter) 

Turkey Point Station Units 3 and 4 

Application for a construction permit and a 40-yaqr operating li- 
tens was received on March 2s from the Florida Power and Light 
00. for two pressurized water reactors at its Dade OOnty, Fla., sib, 
(Two fossil-fueled plants known as Units I and 2 are under construc- 
tion at the same location.) Each reactor will have a 722 net elwt~cal 
megawatt (Mwe) capacitr derived f rem about 2,300 thernial mern, 
watts (Mwt). They are Yscheduled for coqletion in 1970 and lg’rI 
respectively. Westinghouse Electric Corp. will furnish the nuc& 
steam supply system, kurbine generator, and initial fuel. Behtel 
COT. will procure all other materials and equipment for the project, 
perform engineering land construction SeI’vieL’5, and administer the 
Westinghouse contract. 

Quad-Cities Station Units 1 and 2 

On May 31, can application was received from the Cbrnrnon~r~l th  
Edison Co. seeking a permit to build a large nuclear powerplant n a r  
Cordova, Ill., on the Mississippi River, about 20 miles northeast of the 
4Quad Cities” (Davenport, Iowa; Rock Island, Moline, land 
Moline, Ill.). The Iowa-Illinois Gas and Electric Co. would partici- 
pate in the project-a single-cycle, f orced-circulation, boiling Ratter 
reactor similar to Commonwealth Edison’s Dresden 2 unit nom under 
construction. The reactor T o d d  produce 715 net Mwe initiaally J a 
power level of 2,300 Mwt. It is scheduled for completion in mid- 
1970, and mould be designed and constructed by the General Electric 
Go. 

On August 18, Commonwealth Edison filed an amendment to its 
application to  include Quad-Cities Stration Unit 2, a “substantiallp 
similar?’ reactor proposed for  construction at  the same site, with 
completion scheduled in mid-1971. A hearing is scheduled t o  be held 
before an ASLB at Rock Island, Ill., on January 24,1967, preceded by 
a prehearing conference on January 10 at the same location. 

Palisades Nuclear Power Station 

Application for a construction permit and operating l i c e n ~  fm 
pressurized water reactor to be located on Lake Michigan’s eashm 
shore in Covert Township, Van Buren County, Mich., mivd 
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3 3 J@ e 3 from Consumers Power 00. of Michigan. Initial operation 
d be at power levels up to 2;200 Mwt with a 700 Mwe net output. 

Consumers expects an ultimate plant capacity of 821 Mwe derived 
from 2,640 Mwt. Combustion Engineering, Inc., will supply the nu- 

&earn supply system and the first core fuel under a fixed price 
tmct, and the Bechtel Corp. will design and furnish the rest of the 

lmt. Completion is expected in September 1970. Cbnsumers already 
the 70-Mwe Big Rock Point Nuclear Plant (in operation 

sincs 1962) in northwestern Michigan. 

Ferry Nuclear Power Plant Units 1 and 2 

The Tennessee Galley Authority (TVA) submitted 'an application, 
received on July 13, for a two-unit nuclear powerplant t o  be located in 
mestone County, Ala., about 10 miles from Decatur on the north 

of T\%eeler Reservoir. Each of the single-cycle, forced- 
,im&ion, boiling water units is designed for initial opemtion at 
3393 Mwt, producing 1,065 net Mwe-the largest power reCwbrs yet 
mposed for licensing. General Electric Go. will furnish the major 
quiprnent, package and be responsible to TVA for safety and adequacy 
of the plant ~ i t h  the plant itself tlo be designed and built by TVA. 
ne construction schedule calls for commercial operation of Unit 1 

about October 1970, and Unit 2 a year later. 

H. B. Robinson S.E. Plant Unit 2 

Carolina Power and Light Co.'s application to build a closed-cycle, 
pressurized water reactor on the southwestern shore of Lake R 10 b' mson 
cer Hartsville, S.C. mas received July 35. To be initially operated at 
?AM Xwt with *d. net eledrical output of 663 megawatts, the unit 
aould have a common control room with Unit 1, an exiding coal-fired 
r'am electric plant, but y i th  independently functioning equipment. 
Kestinghouse Electric COT. is handling the project on a turnkey 
-ais vith completion scheduled for  late 1970. Ebasco SenTices, Inc., 
5 architect-engineer -constructor. 

4 onticello Nuclear Generating Bla n t 

-iuthorization to build a single-c~cle, forced-circulation, boiling 
'W reactor near Rfonticello, Sfinn., was requesteci by Knrthern 

*Wst 8. The plant is being designed for an initial poTTer leITel of 
General lfvt and net electrical output of aboiit 479 >Ire.  
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arhj Electric &. mill design, engineer, and construct the reach 
turbogenerator portions of the plant and pro\-ide the initial fuel 
A novel feature of this project calls for assembly of the reactor pre: 
swe vessel at. the site, a job assipled to the Chicago Bridge & rrm 
The construction schedule calls for an early 1967 start and complet& 
late in 1970. 

Point Beach Nuclear Plant Unit 1 

The Tom of Two Creeks? Manitovoc County, n’is., on the 
shore of Lake nfichigan, is the site of the ~%scol1sin Michigan poser 
Co.’s proposed closed-cycle, pressurized vater  nuclear p o ~ ~ e r p l ~ ~ ~ ~  
The 31ilwaukee firm‘s application, received A 4 ~ g ~ ~ s t  31, is for  a ractor 
designed to operate initially at 455 net AIwe, but the utility anticipate 
a full capability of 497 net Uwe in its safety analysis report. cer. 
tain plant components would be shared with a future Unit 2. K~ 
inghouse was selected as prime contractor, with Bechtd C O T .  the 
projmt engineer-constructor. Mid-1970 is the latest & b a t e  fR 

construction completion. 

Fort St. Vrain Nuclear Generating Station 

Application for a construction permit for a high-temperature, Lm. 
cooled reactor-the first for a commercial power reactor in the R d T  
Mountain area-was received October 20 from Public Service caw 
of Colorado, located in Denver. The plant, to be a part of the *4Er’: 
Power Reactor Demonstration Program, will use reactor design p i n .  
ciples similar to  those of the Peach Bottom, Pa., reactor in produckg 
a net electrical output of 330 M w  derived from 837 Mwt. The 
acre site in Weld County, Colo., is 334 miles northwest from Platte 
ville and 35 miles north of Denver near the joining of the South 
Platte and St. Vrain Rivers. General Atomic Division of Genera! 
Dynamics Corp. will design and construct the reactor, and fabr im 
and supply the fuel. 

Oconee Nuclear Station Units 1 and 2 

Duke Power Co., on Dec. 1, became the fourth 1966 applicant to& 
a “double-header?’ application for construction permits. The pro* 
twin pressurized n-ater reactors would be located in eastern oc@w 
County, S.C.. nbout 8 miles from Seneca and 21 from Andemon. ‘f”ri. 
B:tb~ock & T’s’ilcox Co. will design, furnish, and provide t e h n i a ’  
supervision for erection, testing, and start-up of both nuclear Et- 

supply systems, and furnish initial fuel. Bechtel Corp., *rvinf = dur- 
general consu~tant, will provicle engineering assistance and d - 1 ~  . 

ing plant design and construction. It, also will lay out and d s i P  
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0Ccitwe XucZear Statioii. During the Fear, the Duke Power Co. ordered from the 
~sbcock & Tl'ilcox Co. two s30-Mwe pressurized water power reactors that will 

the initial increment of a large-scale power generating complex in the north- 
restern corner of South Carolina. The project inrolres the damming of six 
mall rivers to create two lakes as well as the construction of hydroelectric 
,conventional and pump-storage) plants and the nuclear units for a combined 
thermal and hydro capacity of more than 7,000 Mwe. The Bechtel Corp. artist's 
drfi~ing shows the twin nuclear units : the first one is expected to be in operation 
mmid-1971, the second one, a year later. The two reactor r e s s e l s 4 2  feet high, 
16 feet in diameter (outside), and each weighing 400 tons-will be fabricated at 

~ iheneF B&W facility near Mt. Vernon, Ind. 

pmtressed concrete, post-tensioned reactor building. Each reactor 
ait is planned to operate initially a t  pover lerels up  to  2,452 Mwt, OF 
$9 net Mwe, with an estimated ultimate output of 8'74 Mwe derived 
hm 2,584 AXm-t. Construction schedule calls for a September 1,1967 
art on Unit 1 and completion is December 1970, with Unit 2 to  follow 
1 year later. 
-in additional nuclear generating unit is being contemplated at the 

rJ7 @E site. 
--. 
.J 

:XI 
- 2 Yankee Nuclear Power Station 
d 

-t on hc. 2, an application was received from the Vermont Yankee 
Uclear Power Corp. for a construction permit for a single-cycle, 

t 
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forced-circulation, boiling water reactor to be located on the west 
of the Connecticut River in the town of Vernon, in Windham County, 
VL Designated t<he Vermont Yankee Kuclear Power Station, tile 
reactor would have a capacity of 1,593 Afwt, producing a net of about 
514 Mwe. General Electric Go. will furnish the coniplete nuclear 
steam supply system, turbogenerator and auxiliary equipment,, and 
initial core laading. Ebasco Services, Inc., of New York City RiU 
provide the remaining systems and design and construct the complete 
station. The schedule calls for completion by Afay 1, 1970, and 
mercial operation on October 1, 1970. The Vermont Yankee film is 
o m e d  principally by the Central TTermont Public Service and G~~ 
Mountain Power Corporations and the New England Power eo. ; and 
by the Connecticut Light and Power Go., Central Riaine Power co., 
Public Service Co. of New Hampshire, Hartford Electric Light co., 
Cambridge Electric Co., hlontaup Electric CO., and Western &fa%, 
chusetts Electric Co. 

Burlington Nuclear Generating Station Unit 1 

An application was received from a group of four utilities on Dee. 13: 
1966, requesting authorization to  construct a large l?Testingliouse Elet.- 
tric closed-cycle, pressurized water reactor on the Delaware Rive 
in New Jersey. The design calls for initial power of 3,083 Jfv,-t, pro- 
ducing 993 net hlwe, and eventual output of 3,211 Rfwt (1,033 
Mwe). Public Service Electric 6; Gas a. filed the application for 
itself and three other owners-Atlantic City Electric, Delmama poKer 
& Light, and Philadelphia Electric Companies. Designated Burlinp- L 

ton Nuclear Generating Station Unit 1, the plant will be on a l#)-acR 
sits adjacent to an existing fossil-fueled powerplant, about 11 mi16 
southwest of Trenton and 17 miles northeast of Philadelpliia. Public 
Service will be responsible for design, construction, operation and 
maintenance. The utility will act as architect-engineer and lins en- 
gaged United Engineers & Construct,ors, Philadelphia, for plant con- 
struction. Although the application is for one unit, plant I r p u :  
allom for “orderly expansion.’’ 

Reactors Under Construction 

Indian Point Station Unit 2 

An application was receii-ed December 6, 1965, f roni Conso1icMff-r 
Edison Co. of Kern York for construction of a second nuclear p ~ @ -  
plant at its Westchester County site on the Hudson River‘s e*’ 
b d ~ .  The pressurized water reactor, for which J\-estingh0~1~ 3% 
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,ric COT. is the turnkey contractor, will have a net electrica.1 output 
,f about 873 megawatts obtained from a capacity of 2,758 Mwt. 
7onstruction completion is scheduled for June 1969. A public hear- 
Dg before an atomic safety and licensing board was held on September 
14-15 at Buchanan, K.I7. Pursuant to the board’s initial decision 
,f October 3, a proT.isiona1 construction permit was issued on October 
L4. (See ‘‘Commission Adjudication” for additional information.) 

I 1 

Indian Point No. 2. This simplified 
schematic diagram of the  reactor 
building for Consolidated Edison’s 873- 
Uwe nuclear electric generating unit 
No. 2 under construction at Indian 
Point, Buchanan, N.Y., shows the 4%- 
foot thick concrete cylindrical wall and 
3S-foot thick concrete dome which, 
with its steel liner, will entirely sur- 
round the reactor and heat exchanger 
equipment. The diagram shows only 
one of four heat exchangers- The re- 
actor will be located in the center of 
the building. I t ,  and the four heat 
exchanger loops, will be surrounded 
by additional c o n  c r e t e wa.lls. All 
welds of the steel liner will be covered 

by steel channels which will be pressurized to prevent leakage out of the building 
and ~ ~ 4 1  provide a means of monitoring any leaks that might develop in th’e velds. 
n e  core (shown as center square in reactor vessel) of the Westinghouse-built 
pactor will be approximately 12 feet long and 12 feet in diameter. Cooling water 
rill be circulated through the core and four steam generators by four 90,000 gpm 
primary coolant pumps. 

Dresden Nuclear Power 

Pursuant to an atomic 
Commonwealth Edison 
permit on January 10, 

Station Units 2 and 3 

safety and licensing board‘s initial decision, 
Co. was issued a provisional construction 
1966, for Dresden Unit 2, a single-cycle, 

forced-circulation, boiling water reactor to be located at the Dresden 
Xuclear Power Station in Grundy County near Morris, Ill., where 
heoriginal Dresden reactor has been in operation since 1959. The 
fscilitg, which is being built by the General Electric Co., is designed 
ior initial operation a t  2,300 Mwt and production of 715 net Mwe, 
6th an expect& ultimate capacity of ’793 net Uwe. Construction is 
spwtecl to be completed by the fall of 19GS. 

Subsequently, on February 10, Comnionn-ealth Edison filed an 
‘Pplication to construct and operate Dresden Unit 3, also to  be lo- 
ad at the Dresden Xuclear Station, about 50 miles southwest of 

~ ~ scago. A public hearing on the application was held September 
~ 
~ 
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Robert Emmett Ginna Nuclear Power Plant Unit 1 

Following a public hearing April 5-6 at Ontario Center, S.Y.? and 
an iliitial decision by an ntoinic safety and licensing board on .ipfi1 
14, a pro\-isional construction perinit was issued on April 2.; 
Rochester Gas and Electric Co. for a Testinghouse pressurized 
reactor on the shore of Lake Ontario. Under construction in 1yaynp 
County, Kew Yo&, 16 miles from Rochester, the plant (fornlerly 
called “Brookwood”) is designed to operate at 1.300 3fn-t and produ,:e 
420 Afwe net. oI1ll 
construction 

Completion is scheduled by mid-1969, and at 
about 10 percent coiiiplete and on schedule. 

Millstone Nuclear Power Station 

,4n atomic safety and licensing board, following a public hearirlg 
on April 21 at Kew London, Conn., issued an initial decision on &V tr 
authorizing a pro\-isional construction permit t o  Connecticut Light & 
Power Co., Hartford Electric Light Co., Western 3Iassachusetts Eler- 
tric Co., and Millstone Point (30. (an affiliate of the other three com- 
panies). The permit was issued >lay 19 for a 549-net-RIn-e hil ing 
water reactor which is being built by General Electric at Katerford. 
Conn. The estimated completion date is early 1969. 

Nine Mile Point Nuclear Station 

c;; - -I Construction is about 50 percent compIete on ~ i n p r a  JIohittVk 
Pon-er Corp.‘s boiling water nuclear power reactor :it S i n e  JIik I + ~ H  
on Lake Ontario near Scriba, K.Y., about 7 miles northeast of O S J ~ ~ P  
iin application for a provisional operating liceiise for the r~00-1let-31\’? 
reactor, being built by General Electric, is expected to be filed in 
1967. 

‘ -- -4 
3 
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f lco Types of Construction. The Oyster Creek Nuclear Power Plant Unit No. 1 
r s b o m  aboz-e), in Lace,r Towuship, X.J., is being built for  the Jersey Central 
power & Light Co. (a subsidiary of General Public Utilities) by the General 
Qectric Co. When completed the flask-shaped vapor containment shell for the 
Ractor will be housed in a square structure. Scheduled date of operation of 
be plant is 1968 with an initial rating of 515 Mwe and a n  ultimate expected 
&g of 640 Mwe. Photo below shows the outer spherical containment building 
ahich will house the flask-shaped reactor containment shell of the Nine Axile 
Point Ahclear POwer Plant, located near Oswego, N.T., and under construction 
for the Niagara Mohawk Power Corp. by General Electric. The plant, w h m  
roapleted, will be rated at 500 Mwe initial output and mill have an ul thab  
expected rating of 600 Mme. December 1967 is the scheduled start of operation 
date. In October, Niagara Mohawk announced plans for a s m n d  nuclear plant, 
tij0-hlwe unit at Stillwater, N.T. 
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Oyster Creek Nuclear Power Plant Unit 1 

Construction by General Electric of Jersey Central PoRer and 
Light Co.’s 515-net-Mwe boiling water reactor powerplant at oyster 
Creek, near Toms River, about 40 miles north of &ktlantic City, x. J, 

slippage in the construction schedule, the company now plans sub 
U e s t  a mit its final engineering report and safety analysis, and t o  reg 

provisional operating license in January, 196’7. 

was (about 40 percent complete at the end of the year. Due to Some ) 

Connecticut Yankee Atomic Power Plant 

construction by Westinghouse of the Cbnmcticut Yankee Atomic 
Power CO.’s 462-net-Mwe pressurized wat)er reactor at Haddam 
Neck, Conn., is proceeding on schedule. The application for a pm 
visional operating license was received in July, and is under =view 
by the AEC regulatory staff and the -~4dvisoly Committee on Reactol. 
Safeguards. 

TVc‘nter Journey. The 402-ton nuclear reactor vessel and its 71.5-ton head far 
the Connecticut Yankee Atomic Power Co.’s Haddam Xeck, Conn., plant passed 
Kern Pork City’s skyline on 11 arch 29. Built by Combustion Engineering at Chst- 
tanooga, Tenn., the components for  the 462-Mwe pressurized water reactor aetr 
barged down the Tennessee River to the Ohio and Mississippi Rivers, then thN& 
the Gulf of Mexico and up the inland waterway from Florida to Connecticut. 

Lacrosse Boiling Water Reactor 

The provisional operating authorization requested by L411is-ChJ- 
mers Manufacturing Co. for the 50-net-hl~e Lacrosse Boiling lTater 
Reactor near Genoa, Wis., is currently under review. The *tor 
being built for the Dairyland Power Cooperative under the ,IEc‘ 
Power Reactor Demonstration Program. 
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! 
tjan Onofre Nuclear Generating Station 

Construction was completed and pre-operational testing began on 
the San Onofre Kuclear Generating Station a t  Camp Pendleton in 

California, in late 1966. The Southern California Edison 
GO,, San Diego Gas and Electric Co., Bechtel Corp., and Westinghouse 
Electric corp., in December 1965 filed the final safety analysis report 
and applied for a provisioiial opemting license. The application is 
under review. The loading of fuel for initial criticality is expected 
to begn early in 1967. The reactor is a 1,347-1In-t pressurized 
Rater unit designed to produce 430 net megawatts of electricity. 

San Onofre. Photo, ahore, shows the 
San Onofre Kuclear Generating Sta- 
tion, located on a coastal site about 
5 miles south of San Cleniente, 
Calif., which will eventually generate 
430 megawatts of electricity-enough 
to meet the needs of a city of more 
than a half-million population. The 
initial rating will be 355 Mwe when 
the plant begins operation in early 
1967. The nuclear plant is owned 
80 percent by Southern California 
Edison Go. and 20 percent by San 
Diego Gas 6t Electric Co. The AEC 
contributed approximately $9,5OO,OOO 
for the research and development 
phase of the project and will waive the 
rental charge ($5-6,000,000) on the 
fuel for the first 5 years of commercial 

operation. The AEC no longer provides such financial support for light water 
hiling o r  pressurized) reactor plants. Photo, at Eeft, shows the first “fuel 
Lq.wmbly” for San Onofre being unpacked and inspected by nuclear engineers 
hfore being stored in one of the steel racks in the foreground, to await loading 

reactor. The first loading will consist of 157 such assemblies, each contain- 
a”180 hollow steel tubes filled with nuclear fuel pellets-r a total of 28,260 rods 

if laid end-to-end, would extend 55 miles. 



REACTORS AND OTHER hTCLEAR FACILITIES L I C E N S ~ G  

Technical specifications (license mnditions) for this reactor were the 
first for a power reactor drawn up on the basis of the interim midance 
provided by the proposed new system published in the Federal R ~ ~ , ~ ,  
of August 16, for a 120-day comment period (see Chapter 1-1,. lWIlsing 
and Regulating the .!!tom). 

SEFOR Facility 

Reactors in Operation 

During 1966, 15 power reactors either continued or began Opera- 
tions under AEC licenses and authorizations. Of these, 12 central 
d t i o n  nuclear powerplants have produced a cunlulative total of more 
than 20 billion kilom-rcztt hours of electricity since they began Operation, 
TWO other elect,ric po-iver experimental reactors (Saxton and the 
ESAD,S.-Vallecitos Experimental Superheat Reactor) continued oper- 
ations, and the K.S. Xaivannah continued its successful ~ ~ ~ ~ n i e r c i a ]  op- 
erations. Beginning low-power operation under a provisional 1icens 
during 1966 was the Philadelphia Electric &.'s Peach Bottom At0luic 
Power Station Unit 1, a t  Peach Bottom, Pa. Two of the 15 operatq 
power reactors, both prototrpes, experienced significant operatiq 
problems during the year. These Kere the AEC's organic reactor ~f 

Piqua, Ohio, and the Enrico Fermi fast breeder-type reactor at Ik- 
b voona Beach, Riicli. The operating difficulties experienced b j  some 
of the other reactors Kere not coilsidered serious. Licensing activities 
ancl operating experience for individual reactors w e  described in Ap 
penclix 4. 

COMMISSION ADJUDICATION 

Proceedings for the licensing of nuclear power and test reactors and 
crl other licensed facilities are ordinarily heard by atomic safety mid 

z= licensing boards whose initial decisions are subject to formal rerie- 
a by the Commission either on appeal by n party or on the Commission's 
9) om1 motion. It is the Conmlissiun's pract'ice to  conduct k f o d  
-.A revien-s of initial decisions in such licensing prowedings even  her: 

review is not sought by a party. In 1966, the Commission conduct4 
informal reviews of initial decisions without making any order is 
the following matters : i i n f t e r  of ConxmonzceaZth Ediso?~ CQW@ 

d 

--J 
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p ~ c h  Bottom. Photo above shows the 40-Mwe (40,000 e lm)  High Temperature 
~w-cooled Reactor (HTGR) nuclear powerplant built at Peach Bottom, Pa., for 
pbiladelphia Electric Co. and 52 other U.S. electric utility companies comprising 
Bigh Temperature Reactor Development Associates, Inc., as part of the AEC's 
power Reactor Demonstration Program. The plant is expected t o  be ready for 
mmmercial operation during the spring of 1W7. Photo, beZozc, is a riem of the 
reactor operating floor during loading of graphite-clad fuel elements in reaatur 
core that uses HTGR reactor system developed by General Atomic Division of 
General Dynamics. It is the first gas-cooled power reactor to be put in operation 
by a U.S. utility. 



SEFOR 

On January 7 ,  1966, an atomic safety and licensing board ( i i ~ ~ ~ )  
issued a supplemental decision rescinding the provisional constnlctictn 
permit it had authorized conditionally on September I O ,  1965, for 
the Southwest Experimental Fast Oxide Reactor (SEFOR) . Tho 
action was taken on the basis that the project would be significantii 
and substantially under the control of a participating foreign coqo- 
ration (Gesellschaft fur  Rernforsclmng, m.b.H.-a West Geman 
firm), contrary to provisions of Section 104 (d) of the Atomic Enern - 
Act. 

Construction of the " n - t l ~ e r ~ n a l - n i e F : ~ ~ ~ ~ ~ ~ ~  
sodium-cooled reactor had been started in the fall of 1965 at, core 
Creek, near Fayetteville, Ark., by the General Electric CO. for the 
Southwest Atoinic Energy Associates (SAEA), a group of 17 
power utilities from the Southwest and Midwest. Gesellschaft, -&ich 
is associated Kith SAEA in the project, is a nonprofit corporation of 
the Federal Republic of Germany, and mill make contributiow to 
the project for itself and for the European ,4tomic Energy Cornu- 
nity (Euratom). ,4EC support is provided in a contract with SISLI 
under which a research and development program is to be conducted 
as part of the AEC's fast breeder reactor program. 

The Commission granted the applicants' 
petitions for revieF of the ASLB's supplemental decision and on 
January 11 suspended the decision pending review. The Commis 
sion's decision, issued on March 7, reversed the holding of the board's 
supplemental decision on alien control. After reviewing the e-ridence, 
the Commission concluded: b c .  . . within the meaning of Section 
104( d) of the Act, the Commission does not know or have reason *a 
believe that. SAEA and/or General Electric are omed,  controlled of 
dominated by an alien, a foreign corporation, or a foreign &!orem* 
ment, and that the issuance of the construction permit d l  not be 
inimical to the conmion defense and security. . . - 

An amended provisional construction permit was issued March l8 ta 
SAEA and General Electric Co. pursuant to the Commission's dsiGoe. 

Cooperative project. 

Bourd's decision reversed. 

7, 
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Malibu Nuclear Plant Unit 1 

pursuant to exceptions filed on September 1,1966, by the AEC regu- 
lp,tory staff and three intervenors, the Commission had before it for 
formal review an atomic safety and licensing board's initid decision 
,,n the application bJ- the Los Angeles Departinelit of Water and Power 
(UDWP) to const>ruct a power reactor at Corral Canyon, near 
ifqnlibu, Calif. 

The board had conclucteci 41 days of hear- Exfensive hearings. 
iqF during 1965 at  Santa Monica, Calif., ending on November 5, 
1965. In addition to the applicant and the regulatory staff, five inter- 
fenom participated in the proceeding xhich was inarked by extensive, 
pEsentations on matters of geology and seisniology. Following sub- 
,ittal of proposed findings and conclusioiis and supporting briefs in 
the spring of 1966, the h a r d  convened a pstliearing conference on 
Say 19. 

Initial decision. The initial decision issued by the ASLB on July 
14, authorized LADTVP ". . . to construct the facility in accordance 
~ t h  the application, the evidence and representatioiis entered in the 
m r d  at  the hearing, provided and on condition that the design 
criteria be modified and be supplemented to include adequate provi- 
sion for permRnent ground displacement at the reactor site from 
exthqua,ke activity, and that such modification and supplement to 
design criteria be made available for such reriew procedures as the 

The AEC's regulatory staff excepted to 
the ASLB's liolding that the probability of permanent ground dis- 

Commission may provide. . . . ?, 
Decision exceptions filed. 

- - 
placement is sufficiently high so that the proposed design criteria must 
be modified to include adequate provision for permanent ground dis- 
placement. The regulatory staff aslrecl, howewr, that i f  the Com- 
mission upholds the board's decision that the facility be designed to 
Rithstand pernianent ground displacement, the proceeding be re- 
manded to the board to determine the amount of ground displacement 
rhich must be accommodated and the adequacy of the design criteria 
ahich may be proposed I+- the applicant in this resnect. The interve- 
now-Marblehead Land Co., Malibu Citizens for -&nservation, and 
hsor T. (Bob) Hope-supported the hard's  holding on the necessity 
of design against permanent ground displacement but filed exceptions 
(montesting present issuance of a conditional permit. The applicant 
!led no exceptions, but expressed support for the staff position that 
@ design criteria need not provide for permanent ground displace- 
&nt. It opposed, however, the positions of the staff and the interne- 
bBwith regard to present issuance of a conditional permit. The mat- 

,t 

~ krremained under Commission review a t  the end of the year. 
~ 
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Indian Point Station Unit 2 

FolloKing issuance of the atomic safety and licensing board’s hitial 
decision authorizing a provisional construction penilit tu &rls0]idatted 
Edison Co. for Indian Point Station Unit 2, the consers-ation cenk, 
Inc., filed exceptions to the decision contesting the bard’s denial o; 
the Center‘s petition fur intervention and the substance of certain of 
the board‘s safety findings. The AEC’S regula.bry staff and tjle 5p 
p l i an t  filed replies in opposition to the Center’s exceptions. on Q~ 

20, 1966, the Commission issued a memorandum and order denying 
the appeal of the Conservation Center, Inc. 

RESEARCH REACTORS 

Four new applications t o  construct, and four to operate research re- 
actors were received by the AEC during 1966. Five construction per- 
mits had been issued by year’s end, m a h g  a total of 8 construct.ion 

A - ~ I L I  Research Rcactor. A TRIGA Mark 111 nuclear research reador began 
operation August 10 as the central facilitF a t  the new $%million neutronic-6 
laboratory on the Unirersity of California (K. of C.)  campus at  Berkeley. 1x1- 
stalled by General Atomic Diyision of General Dynamics, the reactor has 8 

steady-state operating power of 1,000 thermal kilowatts and can be repetitive& 
“pulsed,” for fractions of a second. to peak powers of approximately 2.0oOkNX’ 
kilowatts. These self-liniiting lmlses produce intense fluxes of neutron and 
gamma radiation for specialized research. The rnir-ersity of California TRICA 
iS one of 3s T‘RIGA reactors in operation or SOOH to be placed in use around the 
world. The new reactor at Berkeley, which will be operated by the u. of c* 
Department of Suclear Engineering, n-as fullded joint& by the universitg, the 
National Science Foundation. and the AEC. The reactor incorporates a d m e  
tYl)e TRIGA fuel elements with stainless steel cladding and has a movable 
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flits in effeat on that date, covering 12 research reactors. Five 
pe ting licenses were issued during this period. Among these was 

the University of Missouri's reactor a t  Columbia, which has a open 
,ne for 
design p omer level of 10 thermal megawat.ts--the largest university 

@ The transfer of a reactor from the AEC's Saiidia Laboratory in 
Nbuquerque, N. Mex., to Louisiana State University, Baton Rouge, 

de it subject to future licensing for instahtion and operation. 
Ill& 

mtion of the Radiation Effects Reactor was transferred from the Ope urns. General Services Administration to Lockheed Aircraft Corp. at 
Dsxsonville, Ga. 

At year's end, 70 research reactor operating licenses were in effect. 

reactor in the country. 

~ 

3 

a 
- - 
& -- 
; ~ ~ - OTHER PRODUCTION AND UTILIZATION FAClLiTlES 
- 
- 

Because of the nature of tlie processes, the quantities of material, 
the safety considerations involved, some nuclear material plants 

gm subject to licensing procedures similar to those established for 
reactors. These procedures include the issuance of construc- 

tion permits and operating licenses, and establishment of financial pro- 
tection levels, indenlaity fees, and special operator licensing prograins 
foreach new type of facility. 

?s 
4 

3 Isotope Recovery 

Fission Products Conversion a n d  Encapsulation Plant 

,in application was received in June from Isochem 1nc.-a firm 
jointly owned by hlartiiz Marietta Corp. and tlie l7.S. Rubber Co.- 
for AEC authorization to construct and operate a Fission Products 
Conversion and Encapsulation (FPCE) Plant at the ,4EC's Hanford 
aperations near Richland, TTash. The plant would process to usable 
forms strontium 90, cesium 137, promethium 147, and americium 241 
irom the highly radioactive fission product wastes resulting from the 
Hanford plutonium production operations. Design capacity calls 
for an annual production capability of 40 megacuries of strontium 
%I. 40 megacuries of cesium 1$7? 38 megacuries of promethium 147, and 
;.6 kilocuries of americiuni 2-1-1. (See also Chapter &--Source and 
special Suclear Mat erials.) 

A prehexring conference on tlie Isochem application was held on 
December 14 before an atomic snfet? and licensing Board at Richland, 
lnd a. public hearing was scheduled to begin on January 3, 1967, a t  

same location. 
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Fuel Processing Plants 

Nuclear Fuel Services, Inc. 

General Electric Co. 

An application was received on Pl'ovember 22 from the General 
Electric Co. requesting authority to construct and operate an irradi- 
ated nuclear fuel processing facility a t  A!forris, Ill., adjacent t o  the 
site of the Coininonwealth Edison CO.'S D ~ s d e n  reactors. Geipral 
Electric expects the plant t o  be operable by mid-1970. (See also c]iap 
ter 17-Industrial Participation.) 

OPERATOR LICENSING 

Operator and senior operator licenses for persons who manipulate 
coiitrols of production and utilization facilities are issued pursuaIlt 
to the regulation 10 CFR Part  56. 

During the 12-month period ending R'ovember 30, the AEC issurd 
350 operator licenses and 375 senior operator licenses. These n-ere for 
313 new licenses, 48 anieiided licenses, and 364 renewed licenses. Dur- 
ing the same period 99 license applications were denied. Including 
previousl~ issued licenses, 923 operat or licenses and 600 senior operator 
licenses were in effect on Soreinber 30. 

Early in 1966, the fuel reprocessing plant of Nuclear Fuel Service., 
Inc., became tlie first nonreact or facility whose personnel recehd 
these licenses. 

During tlie year, tlie AEC issued "Operators' Licenses, 8 
for the Licensing of Facility Olwmtors, Including Senior Operator%" ' 
to assist applicants and Iiceiisees in connection with this progrflIn. 

Available from Superintendent of Documents, U.S. Government Printing Office, "&& 
iEEtOn. I1.C. 20402, for 40 cents. 
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gpcrator Training. Photo shows a power reactor training simulator built by 
General Atomic Dirision of Genera! 1)ynizruics to duplicate the operating charac- 
teristics of the High Temperature Gas-Cooled Reactor nuclear powerplnnt at 
peach Botton, Pa., on the system of Philadelphia Electric Co. The truiner- 
D11Iator is used in reactor operator training progr:tms to qualifs personnel for 
AEC licenses as operators and senior operators. 

INSPECTIONS OF FACILITIES 

Inspections by the AEC‘s regulatory staff of a licensed nuclear 
facility begin shortly after the start of construction and continue 
~hroughout the lifetime of the facility. Through the inspection of 
premises, records, and operations of licensees, the status of compliance 
K i t h  ,4EC requirements is determined and any safety problems which 
may need correction are identified. 

353 Inspections During 1966 

With the addition of 8 new facilities in 1966, a total of 121 reactors 
ad other nuclear facilities became subject to inspection by compliance 
personnel. During the 12-month period ending November 30, a total 
of 353 compliance inspections were made in the f olloffing ca?tegories : 
pxer reactors, 131 ; test reactors, 29 ; research reactors, 142 ; critical 
semblies, 23; N.S. Savannah, 9 ;  and the Kuclear Fuel Services’ ir- 
ndiated fuel processing plant, 19. 

hEC regulation 10 CFR Part  20 requires licensees to report to the 
IEC certain types of operating  incident^.^ Incidents a t  four reactors 
‘---, 

’Types of incidents required to be reported are listed on page 302, ‘‘Annual Report to 
%zess for 1965:’ 

240-67s-67-6 
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Fere reported and investigated in the 12-month period ending K ~ ~ ~ ~ +  
ber 30, none of wlxich involved ally excessive radiation exposu 
personnel. 
caused the loss of more than 24 hours of operatillg tinle, were a serie 

SPQ, of steam generator tube leaks, the malfunction of 8 turbine b 
ralve, and a bachcow of air from the exhaust stack kt0 the conbin- 
ment building due to a faulty control valve. The fourth incident, 
resulting in the loss of more than One working wwk, was caused b 9 
fuel failure. 

Three of the incidents, which were mprted because tl 

~ 

g 

- 

r i g  with respect ti i 
STATE RELJ 
AND AGRE 

The Atomic E n  
agreement with tl 
i\EC’s regulatoq- 
teria.1, source mate 
cIear material ( i . ~ .  
of each agreement j 
radiation control 
Qfety, and is coin 
mdioactive ma teri. 
the AEC m c i  the 
to maintain coinpa - 

‘Public Law S6-375, 
€Qerm Act of 1951. as : 
PP. 375-276, “,annual 



- J 
were a series 

ras caused by 

irbine bypass 
o the contain- 
n t h  incident, THE REGULATION 

OF RADIOACTIVE 
I MATERIALS 

The expanding use of radioactive materials, particularly radioiso- 
rope% continued to  be reflected in Federal and State licensing and regu- 
L,tov activities during the year. Highlights included: ( a )  the as- 
? -umption of certain of the AEC's regulatory authority over atomic 
enera materials by four more States, (6) a continuing incsrease in the 
Iotal number of licenses administered in the combined Federal and 
suite programs, and ( e )  execution of a Memorandum of Understand- 
1% 0 by the AEC and the Interstate Commerce Commission setting 
jort.11 the maimer in which the t x o  agencies will exercise their autliori- 

ait>h respect to the safe transport of radioactive materials. 

STATE RELATIONS 
AND AGREEMENTS 

The Atomic Energy Commission is authorized to enter into an 
'i? nreement with tlie Governor of any State for the transfer of tlie 
,EC's regulatory authority within the State orer byproduct, ma- 
terial, source nmterial and less-than-critical quantities of special nu- 
- leiir inateriul ([.e., too small tu achieve a chain reaction). The basis 
lif each agreement is a deterinination by tlie Commission that the Stiite's 
raciiation control program is adequate to protect the public health and 
detj, and is coinpntible with the AEC's program for regulation of 
Ixlionctive nia terials. All of the agreements contain a prorision that 
;:le AEC and the agreement States Till exercise their "best efforts" 
' ( 1  miintnin compatible programs. 

'Public Law S C i X 3 ,  effective September 23, 1959, added fiection 3 i 4  to  the Atomic 
See pp. 266-267, "Annual Report to  Congress for 1959" : E n e r 3  Act of 1954, as amended. 

X' 275-3i6, "Annual Report to Congress for  1961." 

65 
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B Y  PRODUCT, SOURCE & SPECIAL 
NUCLEAR MATERIAL LICENSES I N  EFFECT Thousands of licenses 

16 
?LRCENlAGE A 1  E N D  OF CALENDAR YEAR 

Licensirig Grozctlr . Licenses for byproduct, source, and si3ecial nuclear materiaLq 
continued to climb during 1966 as the chart indicates. 
the 15 agreement States administered approximately 5.200 1iCenSes and the uc 
administered 9,454. The chart and other statistics in this report undem:;itp to 
some degree the growth in the licensed use of radioactive materials. Seyenl 
hundred specific licenses, reflected in ithe i totals for earlier Se.ars, hare been elib. 
nated by consoIidation under single, broad A m  licenses at  several institutions 
Lv-hich conduct extensive radioisotope programs. Some States also hare institutd 
broad licensing systems. 

At the end of the 

AGREEMENTS 

During 1066, the *4EC transferred regulatory control over some 
550 licenses to the States of New Hampshire (May 16) ,  Slabama (Oc- 
tober I), Kebraskn (October l), and Kasliington (December 31). 
These four States join Arkansas, California, Florida, Iiansas, Ken- 
tucky, Mississippi? Kew l'ork, Korth Carolina, Oregon, Tennessee, 
and Texas in the agreement State program. -4. proposal by Louisi- 
ana for an agreement was under study at year's end. 

Licenses Increasing Eight Percent Annually 

At tlie end of 1966, tlie 15 agreementp States administered q p ~ s i -  
mately 3,200 licenses for byproduct, source, and special nuclear 1n3- 

c) HAWAII 

AGI 
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-ds, compared with 9,454 effective AEC licenses for similar ma- 
t$fl ferials. The bar graph shows t<he change in the nunher of effective 

WS and the percent of the total under AEC and under agreement lice 
st@ control a t  the end of each year since 1961. It is interesting to 

e that, the total number of licenses in the Federal-State programs 
DO* illcreased an average of about eight percent annually over the past 
J1LS 

yeas, even though multiple licenses issued to a given institution fi 
in nlsny cases have been combined into a single license. 

More Agreements Foreseen 

It 11as 'been necessary for most States to  enact new legislation a.u- 
ti,o&kg the Governor to enter into n. formal agreement with tlie AEC. 
such z i  measure was enacted by Pennsylvania in 1966. In addition to 
the existing 15 agreement States, 22 States now have enacted apprw 
date new legislation or have determined ihat they have authority P 

under existing law to enter into an agreement with the AEC.  Several 
of these are actively progressing toward an agreement, 

STATUS OF STATE INTEREST 
IN R E G U L A T I O N  OF ATOMIC E N E R G Y  M A T E R I A L S  

AGREEMENT STATE 

STATES HAVING LEGISLATION WHICH ALLOWS THE GOVERNOR 
TO ENTER UiTO AN AGREEMENT WlTH THE AEC 

PUERTO 
REO 
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Continuing Compatibility of Agreement State Programs 

g forQl 
annual redeterminations of compatibility of the regulatoq 
in each agreement State. Substantially similar, but not newsariilr 
identical, State and AEC replatory stmdards and policies constitu;, 
“comptibilit y .” 

The first redetermination of compatibility was made in J ~ ~ ~ ~ , ,  
1966. The Commission found that the regulatoq? programs of ti; 
11 States then participating WntinUed to be adqua.te to protect public 
health and safety and were compatible wit11 the AEC’s Program 

OP the regulation of agreement materials. 

The Commission announced, during 1965, a policy of makin 

w & d Q  

Cooperative Activities 

TO Wt StaW in obtaining an adequakly t k n e d  staff, -tial 
to the condud of an  adequate program under a n  agreement, t le  A E ~  
cooperatively conducts va;ri.ouS radiological health training and in- 
formationa.1 courses for State and local gOVerment personnel, and 
maintains a continuing exchange of information. 

1966 Training Courses 

Seventeen people representing 14 States participated in the annual 
IO-week radiation protection course conducted by the O& Ridge *QS- 
sociatd Universities.2 Special university courses were conduct& 
during the 1965-66 school year a t  Rutgers University, New B m  
wick, N.J. ; at ithe Nasliville Egtension of the University of Term-: 
at the University of Nebraska, Lincoln; and at the Louisiana State 
University, Baton Rouge, with a total enrollment of 61 students 
Two vrienhtion courses in AEC regulatory pracjtices and procedures 
were given during the year a t  the AEC’s Bethesda, Md., office nith 
33 participants representing 21 States. At &he request of the Florida 
State Health Depar‘tment, a pilot course was given at the UrGveEitf 
of Miami to provide State regulatory personnel with current infor- 
mation on the various types of industrial radiography equipment. m- 
diation protection problems associated with the use of such equipment. 
and specialized licensing and inspection problems. 

on January 1, 1966, the corporate name of the Oak Ridge Institute of Nuclear Studie 
(ORIxS) was changed t o  Oak Ridge Associated Universities (ORAU). The Institun 
(ORIxS) Continues as a major operating unit (Nedical Dirision. Information and D- 
hibits Division, and Special Training Division) and serves as the aTenue through ahl? 
the sponsoring institutions of the Association participate in and support the XatioP‘ 
nuclear ener,T programs, 
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&if Showings E%h 

A joint AEC-U.S. Public Health Service exhibit illustrating the 
tus of State radiation control programs and Federal assistance .to 
sfites in radiation control was shorn at five meetings of natiund @ 

the pfe&onal organizations. The AEC exhibit, “Reedating the 
Jtom 7) was displayed at the Southern Branch, American Public 
p,&h Association annual meeting. Approximately 10,000 persons 

an opportunity to view these exhibits. 
~ hsd 

E,,ch~nge-of-lnformation Program 

In order to keep both the agreement States and the AEC cur- 
rently informed of each other’s regulatory actit&ies, the AEC main- 
tain~ an estershe exchange-of -information program covering AEC 

State licensing and inspection procedures and criteria, new or 
@mal licensed uses ur license conditions, enforcement actions or 
mdures, and changes or proposed changes in regulations. In ad- P &tion, upon request, technical or other consultation in the administra- 

tion of specific State programs is provided by the AEC. 

~ THE AEC MATERIALS 
I LICENSING PROGRAM 

,ks of Noveniber 30,1966, there were 9,454 AEC materials licenses in 
&c,t) consisting of 8,431 byproduct material licenses, 439 source 
mterial licenses, and 584 special nuclear material licenses. 

SIGNIFICANT 1966 LICENSING ACTIONS 

Of particular interest during the past year were the greatly in- 
reased use of radioisotopes in the development of self-luminous light 
mxs and the first commercial sale of an imtupic power unit. 

kotopic Markers 

~ License requests for using radioismtopes in self-luminous devices 
h e  included proposals for prototype highway signs; markers for 
&e tunnels, airport runways, and heliports : anct sources in rdiokorn- - A. 

@IS, switch markers? instrument, dials, and aircraft saf&y devices. 
The radioisotopes used in t-hese items include krypton 85, hydrogen 
: (tritium) , promethium 147, and carbon 14. Airport and highmy 
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i 

,Yelf-Lirni inotts X i n m  and dlarketd, 
The k h t  Self- lu~inous airport mark. 
ers and street signs employing 
isotopes were installed under d~~ 
licenses in the fall of 1966 at T~~~~ 
Ark .  In  photo Qhove, a pair of ma. 
way distance markers is shown at fils- 
son’s International airport, momtpd 
PO they will collapse without being 
clestroyed if struck by aircraft. q-he 
units face in opposite runway dir&< 
tions 1,000 feet from the end op a 
12,000-foot runway, and read yI,” 
and “1,” reSpeCtiT’elY. Using enI4cbr.d 
krypton S5 gas in sealed modules, 
markers display figures 24 inch@ 
high with a stroke dimension of ; 
inches n-ide. Light emission color is 
green, and each module contains ;;o? 
millicuries of krypton 85. Tucson Air- 
port authori ty  is the licensed user, 

and the American Atomics Co., of l ’ucsm, the manufacturer. will maintain and 
perioilical1;r inspect the equipment. The Tucson Daily Citizen photo at kft 
shows Iiroiotype self-luminous street sign installed by the City of Tucson. It 
is mounted 161,A fwt  above the ground. contains 90 small sources-each of 1(KI 
millicuries of krypton 85-and has a life expectancy of 10 years. Height of the 
letters is eight inches. 

authorities have shown intereSt in the proposed use of self-lumhos 
markers to  identify streets or highways and as distance markers for 
airport runways. A license has been issued for the prototype ksinr 
and evaluation of these markers in Tucson, Ariz., There an ov-erhed 
street sign has been mounted in the city and four runway distance 
markers hare been installed a t  the city’s International Airport. T h e  
markers contain sealed capsules of radioactive k m t o n  85 gas as the 
activating agent in the light source. 
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pharmaceutical Compounds 
N e d  

Tj* O 

with the assistance of the AEC's Advisory Committee on Medical 
f Isotopes (see Appendix 2 for list of members), evaluations 

made of two new radioactive pharniaceutical products for 
utine use by licensed physicians in diagnostic scanning procedures 
detect malignancies. (Through use of radiation detection and re- 

devices, this procedure graphically portrays the existence 
@d location of a diseased organ or area.) Technetium 99" as the 

patechnetate has been approved for brain scans. Iodine 
Qi-l&eled colloidal microaggregated iodinated human serum al- l bumin has been approved for liver scans. 

10 

IAbel 

Thermoelectric Generators 

AEC licenses vere issued in July to Martin Marietta Corp., Mid- 
dle River, Md., authorizing for the first time the demonstration of 
tao models of strontium 90-powered thermoelectric generators de- 
reloped and manufactured by the firm for the commercial market. 
one model, containing 125,000 curies of stront.ium 90, has a nominal 

First Isotopic Generator on H i g h  Perch. The world's first commercially devel- 
oped isotopic-powered, ,thermoelectric generator is shown being installed for 
Unattended operation atup Fairway Rock, a lonely Eastern Bming Strait island 
Kith sheer cliffs rising 600 feet above sea lerel. Developed by Martin Marietta 
brp., Middle River, DId., the 25-watt generator will power an oceanogrcphic 
telemetry system, transmitting inf-ormation frum underwater sensors to a U.S. 
ha1  Electronics Laboratory ( WEL) field office at Cape Prince of Wales, Alaska. 
fie demonstration of the strontium $@potrered generator was liceawl by the 
UC in July. 
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power output of 25 watts; the other model, which contains 25Oo0 
curies, generates 3 matts. 

Pur- 
chased from Martin Marietta for powering an oceanographic hiem, 
etry syst6m installed for unattended operation atop Fairway R ~ ~ ~ ,  
a small Eastern Bering Strait island with sheer cliffs rising approxi, 
mately 600 feet above sea level. Underwater ocaznogaphic sensors 
electronically measure salinity, water speed, current and temperature 
and mass water transport. These sensors are linked by cable to the 
programming and telemetry system atop the khnd0 The data are 
then automatically transmitted to a U.S. Navy Electronics Laborahry 
field station about 15 miles to the east at Cape Prince of Jvales 
Alaska, and recorded there for computer processing at Sari Diego. 

9 

Subsequently, the U.S. Navy was licensed to use a 25-matt writ 

> 

> 

Irradiator Applications 

Operation of three large facilities to irradiate products by intense 
gamma radiation was authorized, and another licensing action author- 
ized replacement of irradiator sources with new, more efficient soucs 
of higher specific activity. 

The U.S. Department of Interior’s Fish and Wildlife Serrim 
(Pascagoula, Miss.) was licensed on June 15 to use a 35,OOO-curie 
cobalt 60 irradiator aboard the motor vessel Oregon operating out of 
St. Simons Island, Ga. The irradiator mas used on an experimental 
basis for the preservation of freshly caught shrimp and other seafood, 
This was the second vessel equipped and operated by the U.S. Depart- 
ment of Interior for such operations. The Department’s Bureau of 
Commercial Fisheries was licensed on Pebruary 2 to us0 a 30,000- 
curie cobalt 60 irradiator aboard the trawler D e h a r e  operating out 
of Gloucester, Blass. (see Chapter lO-Isotopic Radiation Appli- 
cations). 

The U.S. Department of L4griculture was licensed to install a 
30,000-curie cobalt 60 irradiator at its facility in Savannah, &L 

This pilot plant bulk grain irradiator is designed to disinfest 5,000 
pounds of g a i n  per hour xith a radiation dose of 25,000 rads.3 

The U.S. Army Natick Laboratory, Natick, Mass., has been author- 
ized to  replace its present inyentory of cobalt 60 sources ( 1 , 0 0 0 , ~  
curies) originally loaded in its food irradiation facility. The ir- 
radiator mill be reloaded with cobalt sources of higher specific actid@, 
thus providing greater utilization efficiency of the irradiator with 
less self-absorption of the radiation in the sources. 

a Rad stands for absorbed radiation dose; the basic unlt of absorbed d o e  of IOnMW 
radiation. One rad is equal to the absorption of 100 ergs of radiation enerm Per Sam of 
matter. 
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iaactive Waste Burial - Rad 
California K d e a r ,  hc . ,  of Pleasanton, Calif., was licensed to re- 

ackage, and store radioactive waste at a site near Shefield, Ill. (4% P 
fim’s application for authority to bury radioactive waste at this The 
was under reriem at year’s end. The company had been licensed jite 

1965 to operate a sirnilartr burial facility near Richland, W ~ s h .  in Mer privately operated radioactive waste burial facilities are lo- 
in Nevada, Kentucky, and Kew York, tlie latter two licensed by Cat 

- she respective State authorities. 

Commission Decisions 

f ie  comnlission considered one petition for leave to intervene in a 
Baterials licensing action during the year. Also of interest mas a 
md decision upholding a Commission decision in a license renewal 
tie- 

Hamlin Testing laboratories 

On March 25, tlie United States cfourt of Appeals for the Sixth 
Circuit sustained the decision {of the Commission which had reversed 
I hearing examiner‘s decision and denied renewal of a byproduct 
material license because of tlie license& repeated violations of t+he 
~ C ’ S  regulations. The Court held thmat denial of an application fur 
*mal of a license did not constitute “withdrawal?’ of the license 
ukhin the meaning of Section 9 (b) of the L4dministrative Procedure 

rhich requires prior notice and an opportunity to comply. The 
surt found that there had been no violation of due process of law on 
5e part  of the staff in the proceeding. 

Atcor, Inc. 

On May 13, notice was published in the Federa2 Begister t.liak the 
ZC mas considering the issuance of a license to Atcor, Inc., for re- 
ip t ,  and transportat ion of packaged waste radioactive material. 
h g  Island Nuclear Service Carp. and Madeline La Grua filed a j ohb  
nition seeking leave to intervene or, in ehe alternative, an investiga- 
3 n  into alleged unlawful acts of the applicant. On June 17, the 
bmission denied leave to intervene and ordered the Director of 
%plation to make an investigation of the charges. The investigation 
”@led no yiolation of the -4tornic Energy Act or of -4EC regulations 
cathe license was issued to Atcor in September. 
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Broad Licenses 

0b.l The AEC's regulatory staff continue to review applications fr 
licensees conducting varied and large-scale activities with the view of 
issuing broad licenses which permit the necemal-y flexibility to adjust 
operations to meet changing or new research and derelopment OE 
production objectives. 

New Licenses 

Among the broad licenses issued in 1966 mer0 those to Batblle 
Memorial Institute for its private work at the &EX'S Pacific xo~h- 
west Laboratory, Hanford, Wash. ; Westinghouse Electric cove, 
Wdtz  Mill, Pa.; land the General Electric Co., Sari Jose, Calif. ~h~ 
Battelle license authorizes a broad range of research and development 
activities. The General Electric and Westinghouse licenses cove, 
activities other than nuclear reactor operation at the firms' TTallecitQ 
and Waltz Mill laboratories, respectively. In order to provide for the 
varied activities and conditions of operations covered b? these three 
licenses, special license conditions in the form of broad techniml cri- 
teria have been incorporated with respect to avoidance Qf accidental 
criticality in using and storing special nuclear material, and for  ra&G 
logical safety. In  issuing such broad licenses, the AEC carefully 
evaluates the licensee's administrative controls and in-house corn& 
tenca for carrying out safe operation. 

A number of other licensees, partioularly universities, hospitals, and 
research organizations, consolidated their respective radioisotope 
tivities under single broad AEC licenses providing for flexibility in 
operations land centralized control by the institution of the procure 
ment and safe use of radioisotopes. Such new broad licenses issued in 
1966 totaled 14, replacing 26 previously in effect covering the same 
pro,amms. 

TRANSPORTATION OF RADIOACTIVE MATERIALS 

A Memorandum of Understanding was completed March 21 be- 
tween the AEC and the Interstate Commerce Commission (ICCI 
setting forth the manner in n-hich each agency will exercise its author- 
ity in assuring safety in the transport of radioactive materials. 

Under its contract for operating the AEC-owned Pacific Northwest LaboratorS, Baeelk 
is authorized to conduct research for other Government agencies and industry on a Pdrstr 
basis in the laboratory; Battelle is &so constructing a $19 million research center fa 
nearby Richland. 
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j ca tion Minimized 

Objectives of the agreement were to minimize duplication and pro- 
ride maximum interagency consistency in regulations and require- 

assuring that all shipments of radioactive materials mithin the rpea ’ 
*firisdiction of the two agencies are regulated by either the AEC or 

JCC. The AEC will develop standards for tlie preparation for the 
merit of fissile material and large quantities of radioactive ma- sh@ 

tuial, while the ICC will adopt appropriate regulations and require- 
aents applicable to the majority of shipments of radioactive mate- 
rials. AEC performance standards for its areas have been developed 
&nd incorporated into the regulation 10 CFR Part  71, “Packaging of 
Bdioactive Material for Transport,’’ which became effective on Au- 
p t  21. 

COMPLIANCE AND ENFORCEMENT 

Compliance personnel performed 1,875 inspections of operations 
being conducted under AEC specific materials licenses over the 12- 

period ending November 30. I n  only about four percent of the 
;nspections was it necessary for Compliance Regional Offices to trans- 
& recommendations to AEC headquarters for enforcement action 
under the Commission‘s regulations. 

Radiation In ciden is 

In response to the A E C  requirements in 10 CFR Part 20 for the 
reporting of all significant radiation incidents, 20 such incidents were 
reported to the AEC by materials licensees and investigated during 
the 12-month period that ended Kovember 30. 

Seven of these incidents involved radiation exposures in excess of 
the limits prescribed in the AEC’s regulations to a total of nine per- 
sons. Of these, fii-e incidents occurred during radiography operations, 
one incident i n s  in a plant engaged in the manufacture of tritiated 
compounds, and the other incident occurred in a plant engaged in the 
processing of samples containing fission products. The highest whole- 
hod! exposure resulting from tlie radiogmphy incidents was a dose of 
h u t  40 and the highest extremity exposure was about 400 renzs. 

jTSpes of incidents required to be reported by AEC licensees are listed on page 302, 
“‘Annual Report to Congress for 1965.” Licensee reports on all such incidents are filed 

Puhlic  inspection in the AEC’s Public Document Room, 1717 H Street, hW., Washing- 
ton. D.c. 205-15. 

For purposes of rodiation protection, the 
dosP equiralent measured in r ~ m 8  is equal t o  the absorbed radiation dose in rad8 multiplied 
br the appropriate modifying factors. 

‘Rem stands for roentgen equivalent man. 
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In  the two plant incidents, one person rewired a m-hole body radiation 
dose of about 5 TenE-s’ while preparing a niulticurie tritium labeled coQ- 
pound, and tm-o persons received doses on the order Of 99 rem8 and 47 

% re97~9, resixtivelF, to the hands while handling samples containi 
fission products. 

Kone of the 13 other incidents reported by material licensees involved 
radiation exposures for which a report is required by Section 20.403 of 
10 CFR Par t  20. Eleven of these required report-ing because the! 
caused the closing of the facilities for more than 24 hours, and tile 
otller two were the accidental releases to the atmosphere of 25 curis 
and 2 curies, respectively, of krypton 85 gas. 

Lost Radioactive Materials 

Certain losses of radioactive materials also are required to be 
reported to the AEC. Licensees reported 43 losses, some of ~~llicl~ 

\Te.re temporary, during the 12-month period ending November 30. 
Eight of these losses were caused by cletnchinent of the radioactire 

source from logging gear during oil well logging operations. Three of 

tlle sources were subsequently recovered, and the five sources KlliclL 
couIcl not be retrieved were either ceniented in place or cotrered 
steel housing to eliminate any radiation hszard durilig subsequent 
drilling oper a t ions. ’ 

I n  14 of the other 35 cases of reported loss, the missing material m s  
subsequently recovered. In  the remaining cases it appeared that either 
the nmterial had been disposed of inadvertently as refuse in a manner 
that nould not result in m y  significant hazard, or that no significant 
radiation hazard was present because of the circumstances of the 10% 
or the amount of material involved. 
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MATERIALS 
During the year, steps for implementing the 1969 Private Owner- 

ship ,4ct were taken that will assist in planning and making the trailsi- 
tion to a normal industrial base. The uranium industry picture 
brightened as utilities and companies supplying nuclear fuel began 
placing orders for concentrates to be used in producing fuel for the 
& wowing number of poFer reactors. The effects of the 19641965 pro- 
duction cutbacks in plutonium and enriched uranium for  national 
defense purposes continued to be felt in the &4EC‘s production opera- 
tions: however, the demand for old and new tFpes of radiosotopes con- 
tinued to  grow. Steps were initiated to strengthen domestic safe- 
F mards over special nuclear material in the interest of the common 
defense and security. 

PRIVATE OWNERSHIP 
ACT IMPLEMENTATION 

Cpon passage of the Private Ownership of Special Nuclear Ma- 
terials Act of 1964 l domestic private ownership of special nuclear ma- 
terial becanie permissive and will be mandatory for power reactor 
fuels after June 30, 1973. During the year, the AEC continued ta 
Rork on implementation of the new law and its many ramifications. 
The prime actions in 1966 were to establish the criteria for the p m s -  
q, for a fee, in BEC-owned facilities of privately owned uranium to 
produce enriched uranium and the establishment of post -1968 policies 
on sale and lease of enriched uranium. 

ISee pp. 12-15, “Annual Report to Congreas for 1964 ;” and pp. 91-92, “Annual Report 
Congress for 1965.” 

77 SrgCCll’lC 
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CRITERIA AND POLICIES 

After receipt of public comments and consultation with a committee 
representing the Atomic Industrial Forum. the S E C  macle a numbe, 
of significant changes in the draft criteria and contracts for uraniu,,, 
enrichment services before they were formally submitted to the join, 
Committee on Atomic Energy (JCAm) on July 1, 1966. The 
also proposed a. set of policies on the sale, lease, and toll enriching oi 
enriched uranium after 1968. These policies were outlined in a pres5 
release of July 25, 1966, and were discussed on August 2-4 at JCdE 
l iear iqs  on the criteria for umniunz enrichment semices. Repre- 
sentatives of industry, in testimony 011 August 16 and 17, genemllr 
gave strong support for the AEC proposals. The Commission foi- 
mally edablished the criteria by publication in the Federa2 Registr, 
on December 23. 

Criteria for Uranium Enrichment Services 

Key elements of the criteriar are : ( a )  the AEC will sign contracts of 
up to  30 years’ duration ; ( b )  the contracts will specify a ceiling elltlrgF 
of $30 per kilogram of separative work but subject to escalntiol~: 
two types of contract will be available, a “firm quantities” type n-lliph 

will specify feed and product assays and alnou~ks or, a1 te8rnntivklv, 
amounts of separative work, and a “requirements” type which will 
commit the ,4EC to supply (subject to a ceiling) and the customer to 
take (subject to caiicellation rights) the enriching services reqnird 
a specified reactor or group of reactors; ( d )  quantities of feed uranium 
to be delivered by the customer and the amount? of enriching service 
purchased bv the customer d l  be determined by reference to a “Stand- 
ard Table of Enriching Services” to be published b? the AEC; ( e )  cus- 
tomers will have an option to acquire tails material (depleted uranium 
at an assay set by the ,4EC) equal to the weight of uranium f e d  de- 
livered to the ,4EC less the weight of enriched product received fmm 
the AEC, less a correction for losses; and ( f )  uranium of foreign ori- 
gin may not be delirered to  the AEC for enrichment There the en- 
riched material is intended to be used in a domestic utilizatioil facility. 

Post-1 968 Policies on Sale, lease, and Enriching 

I n  response to the dcsii-e of the nuclear industq to be able to  e& 
mate the relative economics of lease, sale? and toll enric,l>ing, the AEc 
cstddished a set of policies on those activities that d l  be folioi\-rtl 
after 196s : 
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a 

The natural uranium component of the AJ3C schedule of charges 
for lease and sale of enriched uranium will continue to be based 
upon a price of $8 per pound of uranium concentrate (Tj308) at 
least through June 30, 1973. 
Toll enrichment is the preferred method of distributing enriched 
uranium. Except where provisions foT long-term sales agree- 
ments are made in Agreements for Cooperation with foreign 
nations, any AEC sales of enriched uranium will be on the basis of 
sbgle transactions. A further exception will be made in the case 
of distributions to domastic custumers of enriched uranium to be 

in a research and development program involving production 
of uranium 233 (ITa3) when lease is not available and during the 
period when a guwanteed purchase price is in effect for U233. In  
Agreements for Cooperation providing for supply of enriched 
amium via toll enriching, the AEC will also apee  to furnish, for 

appropriate charge, the natural uranium for a toll enrichment 
traflsaction where the foreign party has determined that the re- 
quired natural uranium is not reasonably available to him. 

(3) Beginning January 1, 1971, enriched uranium on lease may be 
converted to private ownership by a mechanism, called “in situ” 
toll enriching, under which the lessee would furnish to the AEC 
specified amounts of uranium feed and dollars and would thereby 
acquire ownership of the leased material. 

(4) The transition to private ownership of all material held or being 
procured by licensees for power reactor use will be accomplished 
by AEC’s terminating distributions of such material by lease on 
December 31, 1970, and terminating outstanding leases for such 
material on June 30, 19’73. These are the same dates which are 
already applicable under the Act to distribution of such material 
to power reactor operators. However, AEC will, on a case-by- 
case basis, consider requests by fabricators for deferred payment 
of enriching service charges on toll enriched material-at an in- 
terest charge on the unpaid balance equal to the then-current us8 
charge rate-during a fabrication period of up to one year. 

.5) The AEC is unable at this time to specify quantitative criteria on 
the disposition of AEC’s available uranium feed; however, it does 
not plan to sell its available uranium until this can be done in a 
manner that will not damage the domestic uranium industv. It 
is expected that, once the industry attains viability, the AEC dis- 
tibutions will be based on an appropriate sharing of the market 
parnth beyond the point of viability. 

a 

240-67847-7 
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uranium Requiremmts. Projected installed nuclear generaiting capacity 'bs l~qj  

of 95,000 Blwe in the United States (median of estimated 80-110,OOO Mwe range, 
and 130,000 Mwe in other countries (excluding U.S.S.R., China, and Eastern 
Europe) totals 225,000 Mwe. On this basis CUmUlatiVe U.S. and total Torid 
requirements for uranium to that date are estimated a't about 170,000 tons u , ~  
and 400,000 tons UIOe respectively. The present annual produmon rate 
uranium in the non-Communist n-orld-about 18,O00 tons (Uso~)-will have 
be nearly doubled by 1975 and more than tripled by 1980 to meet the forecast 
annual requirements for nuclear fuel. 
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RAW MATERIALS 
pring 1966, the near-term future of the domestic uranium indus- 
brightened with the announcements of expanded plans for nuclear 

owerplants; present U.S. uranium reserves are adequate for near-term to 
:&s, but new ore body discoveries are needed for the fiiture. 

URBNtUM PROCUREMENT 

Foreign uranium procurement by the AEC terminated at the end 
of 1966 with the expiration of the Canadian and South African con- 
tficts. 

The AEC‘s uranium purchases in 1966 yere 1,566 tons less than in 
1965. The following table shows the sources and amounts received in 
be past two years: 

TODS Of Us& 
19.65 1966 

U.S.A ________-_________-______ 10,442 9,476 
Canada _--_____________________ 71 i  720* 
South Africa __________.________ 1,932 1,329 

*includes 50.9 tons produced in 1966 under contract, but not delivered at  year’s end. 

Domestic Uranium Production 

AEC Procurement of Concentrate 

&mmencing January 1, 1967, uranium concentrate (U308) pur- 
hsed by the AEC will be material the delivery of which %as deferred 
i~ milling companies and by some independent mining companies from 

1963-1966 period, plus th-at derived from ores produced from 
&gib10 small mining properties, in accordance with the domestic 
gretch-out program announced in November 1962.* 
On h’ovember 10, 1966, the AEC announced that it would contract 

i t h  milling companies serving isolated areas for the purchase in 
:’i-68 of concentrate derived from ores from eligible small mining 
mperties not served by stretch-out mills. The owners of several mills 
-isolated areas have requested arrangements with *4EC to treat ores 
h n  eligible small properties. These and one or two other companies - 

PP. 69-70, “Annual Report to Congress for 1965 ;** and pp. 210-21, “Annual Report 
‘Cowess for 1962.*’ 
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ahd 
plan to continue operation after 1966 for production of uranium 
other metals. 

The mill of the El Paso R’atural Gas co.  a t  Tuba city,  A&, dis. 
continued operations during the year after completion of production 
under its ,4EC contract. 

operating under AEC stretch-out contracts, and the Status of 
opemtions. 

Table 1 lists the locations of uranium concentrate producing 

Industry Begins Private Procurement 

Several producers have announced sales of coilcentrates for use in 
producing fuel for nuclear power installations. The orders are esti. 

Uranium Resources. Forecasts of the curnulatire requirement for uranitm fclr 

the non-Communist world by 19SO focus attention on the question of avtlilattl 
yu~rply. As shown in the chart. the “wasonably assured resources” in the g-410 
Per pound USO, cost range ( l e f t )  will more than meet the projected 1980 rW* 
ments ; and, the known amount at this cvst level may be doubled if erplorati@b jr, 

known uranium-producing areas, or in areas of similar geologic favnmbilitr. hi- 
fills the “estimated additional” especta tions. Reactor engineers confidently W M diCt improyements in fuel cycle costs and advances in reactor design which coo 
make the use of uranium costing more than  $10 per pound of USOs Wnomic ‘ 
reliance on the higher cost material should eventuaIlp prove necessan. 
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- =- ..-* A = - L a m z L l O n  through 1980, significant new discoveries will 

’-rY to supply longer term requirements. Chart shows the past rela- 
W P  Of additions to uranium reserves and annual drilling rates. Projected 
ims for i n h Q t m  own’-Ttion through 1969 indicate that  drilling activity will 

u~~ lug the next few years. 
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mated to amount to about 20,000 tons for current and future deliue 

mitments for nuclear power installations resulted in an up~&.d 
vision of estimates of uranium requirements for this purpose. ~h 
graph entitled “Uranium Reserves and Requirements” illustrate 
current estimates for the United States and the non-Communist \vorld. 

The AEC program for procurement of uranium concentrates ex- 
pires December 31, 1970. After that date, the producers will market 
their uranium exclusively through private sales, primarily for nuclear 
powerplant requirements. (‘See also “Private Ownership Act ~~~l~ 
mentation” summary at beginning of this chapter.) 

through 1975. The rapid increase this year in utility company corn- 9 

re- 
8 

Ore Reserves 

The AEC was represented at the Paris conferences in May of the 
European Nuclar  Energy Agency in a study of the uranium produc, 
ition capability of the world (not. including U.S.S.R., China, 
Eastern Europe). The report of the conferences has not yet been 
leased, but is expected shortly. 

U.S. Reserves 

U.S. uranium ore reserves at the beginning and end of 1966, csl- 
culated at $8 a pound of uranium concentrates, were: 

Percent Contafd 
Tonsof Ore UIOI T ~ c , &  

Estimated reserves Jan. 1, 1966 _ _ _ _ - - _ _ _ _ _ _ _ _  61,600,000 0.235 145, 
Estimated reserves Jan. 1, 1967 _ _ _ _ _ _ _ _ _ _ - _ - _  61, 000, 000 0.23 141, Ow 
Decrease in estimated reserves- - - - - - - - - - - - - - - 
Shipments to  mills in 1966 _ _ _ _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _  4,200, 000 0.23 9,600 

*Reserves available at up to $10 a pound of U8O6 are estimated to be 200,OO tons. 

600, 000 _ _ _ _  4, OOO 

There were approximately 1,850 tons of U308 in ore stockpiles. and 
3,150 tons in process and finished product, making a total inrentorp 
at the mills of 5,000 tons at the end of the year. 

Net additions tro $8 reserves during the year were approximately 
5,800 tons of contained C,O,, only partially offsetting production and 
delivery to mills of about 9,800 tons. 

Free world resources. The estimated total of reasonably assud 
world uranium resources available at up to $10 per pound of is 

now estimated to be approximately 690,000 tons compared t~ fX0-lkw 
tons at the end of 1965, due mostly to an increase in the estimateof 
South African reserves. 
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Discovetier Needed Ne 
n e  presently estimated U.S. reserves are adequate for near-term 
4% but in view of large projected requirements for nuclear pox-er, 

$cant new discoveries will be needed in the 1970's to maintain jign &&nt reserves to supply long-range needs. There is eyidence that 
,=ded exploration activity will be undertaken by industry. Ex- the loration and development drilling in the last half of 1966 was at a 
more than double that of the two preceding years, and industry 

for ths next few years are for an even greater activity. The rsb 

~ n h g  companies' exploration plans as reported to the AEC in mid- 
1966 for the 34/2-year period through December 1969, are sh0TT-n on 

Chart together with curves showing past drilling rates and annual 
-me additions. Om 
supplement these efforts, the AEC plans to support a topographic 

geologk mapping program in favorable areas through the U.S. 
@logical Survey, and carry out a series of studies directed toward 

development of improved geologic and geochemical guides for 
qloration, new geophysical exploration methods and tools, and 
&onal geologic evaluation. 

II 

p18os - 

Thorium Resources 

There has been no indication of early large requirements for thorium 
8 nuclear fuel. The estimate of reasonably assured resources in the 

Cited States available a t  a price of $10 a pound of Tho, remains at  
b u t  100,000 tons as reported last year. 

, NUCLEAR 
MATERIALS PRODUCTION 

I 

Special nuclear materials production during 1966 was sufficient to 
- 

e wt all scheduled requirements for  military and civilian programs. 
froduction has been at  reduced levels since the decreased need for 
k* materials was first announced by the President in his State of 

Cnion Message on January 8,1964. 

PRODUCTION REACTORS AND FACILITIES 
t primarily for producing plutonium, the large production 
r~ at  the AEC's Hanford and Savannah River Plants are also 
used for other purposes. One i s  not only providing steam for 

ent electric power station, but will also be demonstrating the 
ction of tritium. A shut-down reactor is being used for a demun- 
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~nspect ion BY ZT. ~ l t  the Hanford Plant, a tiny telwision camera is used t i  
inspect the insides of a “S” reactor process tube. -4s the television p u t t e  ia 
pushed through the process tube, the inside surfaces are displayed on a tele 
vision scrwn. The General Electric “N” reactor staff worked more ~e 
two years developing the probe which can measure scratches as slight as .ows 
of-an-inch deep. Prior t o  this derelorpment, process tubes of the world’s l a m  
dual-purpose (production and power) reactor could not be inspected for d a e  

stration on safe-guarding against clandestine operation of a ~~~r 
that has been closed down bp international agreement. Some cnpncirr 
is being used for production of radioisotopes and t,he conduct of srjen- 
tific experiments on man-made elements. The production s y s ~  
began to feel the full effects during 1966 of the 1964-1965 cutbacks ir; 
production. 

Hanford “N” Reactor 

Reactor operation. Operation of the ‘‘P plutonium production 
reactor at Hanford was essentially normal for the entire year fd- 
1oITing the attainment of full  design power of 4,000 thermal me$?- 
watts in December 1965. The tie-in of a sixth primary coolant loop 
to improve quality of the steam to be used in the adjacent IT%&- 

- _ _  ineon Public Porn-er Supply System (KPPSS) pon-erplant =& 
-*: c- conipleted in early June after a five week shutdown. The onlfr 0th 
-; 

c= 
- I OThe ‘IN” reactor, formerly called the glNp~*’  (mew production Reactor), is a dad i=t@ 

Pose plant-producing plutonium a8 its primary product with the 8- -nerattd 
OPeratfOns being used In the turbines of the adjacent WPPSS elecMdw generaw pmt 
AS such, It is currently the world’s largest nuclear power reactor in oWraaon* 

9vannah R i t e  

At the Savar 
duction reactor 
flux demonstrai 
nached before 
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tRge o€ consquence was due to the strike against two Hanford con- 
o&om which essentially shut d o m  all production facilities for about 

seeks during July and August (see “Collective Bargihhg?’ dis- six 
ion in Chapter 18-Administrative and Ahnagement Matters). 

in 1967, fuel and target elements are scheduled to be charged C@ 
E d ’  

tlie reactor for a co-product demonstration of tritium (hydrogen 
a d  plutonium production. 

9) *power generation project. Construction of the inter-connected 786 
electrical megawatt (Mwe) poxerplant by WPPSS was completed 
during 1966 and much of the year was s1)ent in startup and testing 
rogams prior to full power output. Initial power generation using 

deam produced in the h reactor began on April 8. Full power 
tion of 786 net Mxe (800 gross Mwe) was achieved on December 

0Prn 
9 1966, following completion of operational stability testing. How- 
mr? on December 10, failure of a high voltage transformer (230/500 
~ o v o l t s )  in the Bunneville Power Administration’s transmission sys- 

nude it necessary to reduce the full-power output. At year’s end, 
WPPSS plant was generating a t  the 400 Mwe-level. Full power 

operattion cannot be resumed until repairs are made to the special-type 
traJlsformer--estimated to be six to eight months. 

P i t  TV 

! 

wannah River Reactors 

st the Savannah River Plant, the versatility of the plutonium pro- 
doction reactors was further developed and demonstrated. A high- 

demonstration, which attained sustained neutron flux levels never 
reached before (6.1 X l O I 5  n/cm2-sec.) , provided an opportunity for 
fcientific teams from several laboratories to conduct experiments not 
hemtofore possible. It also resulted in the production of the world’s 
lnost highly rad ioac t iv~700 cul‘ies per gram-cubalt 60 source. 
These operations are summarized in the “Radioisotope Production” 
hion of this chapter. 

The Savannah River reactors continued to be used, in addition to 
?duction of materials for nuclear weapons, for irradiating target 
aterials to produce heat-source isotopes of usefulness to the $lation’s 
we program (see Chapter 9-Isoltopic Heat and Power Applica- 
G ~ s )  and transuranium elements that will be used for research and 
;duction purposes at the new National Transuranium Center at  Oak 
6dge (see Chapter 13-Research Facilities and Projects). 

VERIFICATION SYSTEM FOR SHUTDOWN REACTORS 

k i g  the year, a simple, reliable, and unobtrusive system to verify 
%*peration of a nuclear reactor that had been shut down under 
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internationla1 agreement was demonstrated t o  delegates to the unit,,, 
Nartions General Assembly at. a shut down Hanford productiol, 
reactur. 

Presidential Announcement 

In his January 21, 1964, message to the 18-Kation Disarmament 
GmmittRe, the President had announced that the United Sta t ,  
prepared to “. . . accept appropriate international verification of the 
reactor shutdown almady scheduled in our country . . ‘ IVithin tile 
U.S. Government,, the AEC undertook the development of a sys 
for use by an international verification goup, to assure t.hat a produc, 
tion reactor that was shut down had not been operated betweea 
verification visits. The primary responsibility for developing the 
system was given to the General Electric eo., contract operator of tb 
U C ’ s  Hanford Plant at that time. The work has been continu@ 
by Battelle Memorial Institute and Douglas United Nuclear, 
tractors that have since taken over portions of the Hanford op&tions 
for the ,4EC. 

@.Itl, 

” Fin g erp ri n ted ” Sy s tem 

The system makes use of a bimetallic tape in which the core hs 
lower melting point than the jacket, i.e., aluminum core, and copper 
or stainless steel jacket. Because of the difference in melting p i n t s  
of the two metals, any attempt to rejoin a cut in the tape is immediatelF 
apparent. The tape itself is “fingerprinted” with rsndonll~-&. 
tributed particles of an X-ray opaque material, ;.e., scattered, &.g 
ularly shaped tungsten filaments, and thus presents a unique pattm 
under X-rays. Any substitution of a tapewould be evidenced b! 
comparing X-ray photographs of the tape taken at the time of in- 
stallation with those taken by inspectors at a later time. ,41so k- 
corporated in the wire is a small amount of cobalt which, if ex@ 
to the neutron flux of an operating reactor, would become radioactire. 
The cobalt would become s&ciently radioactive upon ~ S P O S U ~  m 
even a low density neutron flux to disclose, upon the mire’s remfirr! 
months or years later, the occurrence of a chain reaction. 

I n  application, the tape would be threaded through the shutdo= 
reactor, and the ends fixed by specially developed ‘‘fingerPrint4‘ 
seals, utilizing random particles of an X-ray opaque materia1 
epoxy resin. During later inspections, the seals would be check* 

’ In his State of the Union address of Januam 1964, President Johnson had -lpMfd 

that the U.S. intended to curtail production of fissionable material for 
That action entailed shutting dawn four plutonium production reactom and d- 
the production of enriched uranium. 
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fnffnzationd Demonstration. Forty-eight representatives of United h'ations 
deletions from 42 countries attended the Kovember 16 demonstration of the 
Cmereloped system designed to  verify tha t  production reactors shut down 
&r an international agreement have not been operated between visits of in- 
wtors. Photo shows the visitors listening to Dr. Charles Harrington, Presi- 
&&of Douglas United Kuclear, Inc., explain the sy8tem. In the background 
rthe front face of the shutdown "F" reactor on which the system was demon- 

;comparison of X-ray and other photographs-for any signs of 
pering and the tape would be withdrawn and checked for authen- 

d radioactivit.y. 

h a t i o n a l  Demonstration 

1 1966, the U.S. delegation to the 18-h'ation Disarmament 
meeting at Geneva, Switzerland, submitted a working 

he system developed by the ,4EC and its contractors at 
for verifying the status of shutdown reactors. This was 

an August briefing of the system for  members of the dis- 
ent conference delegations by an employee of Douglas United 
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Seal InstaEZation. Photo shows ,technicians installing a “fingel.printe#* eeal, 
to which the “telltale” tape it attached, on the ‘Ti’ Reactor at Hanford d u r k  
the demonstration Oi the verification system for United Nations delegate 
visited Hanford on November 16. 

Nuclear. At that time, the United States invited the member govern. 
ments of the 18-Nation Disarmament Committee and other intern4 
governments to send representatives later in the year to a demonstm. 
tion at Hanford of the system. hter, on November 4,1966, in XeK 
York City, this invitation was extended by the U.S. delegation to all 
members of the United Nations General Assembly. 
The demonstration took place at Hanford on November 16 airh 

53 representatives from 45 nations and international organhatiom 
attending. 

CUTBACKS IN PRODUCTION 
c-7 
c 

-0 
t3 

As a result of the Presidential announcement5 to cut back $a* 
tonium production, four of the AEC’s 14 production reacton sa 
shutdown in 1964 and 1965. The full impact of these shutdo- 
being felt at other AEC facilities during 1966. - - 

6The flmt reduction was announced by the Presi&nt in the State of the Union me?“ 
JanuarS 8, 1964isee pp. 17, 18, and 44, “Annual Repsrt t o  Congress for lea ; 
P. 7, “Annual Report to Congreas for 1965.” 
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jepmtions Facility Closed 

At the Hanford Plant, where three of the four closed reactors are 
td (the other one is at Savannah River, S.C.) , the Redox plmt- lm 
older of two chemical separations plants in the plutonium produc- 

tion complex--is being shut dom.  The plant was constructed in 1951, 
was the fir& large-scale solvent (Hexone) estraction-type plant 

built in the united stakes for the recovery of plutonium from irradi- 
dzted uranium fuel. Dksolution of irradiated uranium fuels was termi- 
a%& d on December 31,1966. During the first six months of 1967, the 
lmt will be flushed to remove residual amounts of umnium and ph- P tmim land then placed in “standby” condition. The Purex plant, also 

using a solvent extraction system, has been modified to permit its 

P mssing irradiated fuel discharged from the Hanford reactors. 

Gaseous Diffusion Plants 

mring 1966, the electric power usage at the AEC’s gaseous diffusion 
(Oak Ridge, Tenn. ; Portsmouth, Ohio ; and Paducah, Ky) was 

&ced by 715,000 electrical kilowatts ( e l i ) ?  as f o l l o ~ s  : 300,000 ekw 
at Portsmouth supplied by Ohio Valley Electric Corp., 325,000 ekw 
at Paducah supplied by Electric Enerm, Inc.? and 90,000 ekw at Oak 
Ridge supplied by TVA. These reductions, which will result in an- 
nual savings of about $25 million, are part of the steps taken to reduce 
he total power usage to two million ekw by January 1, 1969. 

On December 29, the AEC announced it was undertaking studies on 
the possible desirability of selling or leasing to private industry one or 
more of the three gaseous diffusion plants. Built for national defense 
purposes at a cost of $2.3 billion, the plants also provide enriched 
uranium for use as fuel in civilian reactors. With the reductions in 
defense requirements, civilian reactors are expected to become the 
primary market for enriched uranium in the future. The plants are 
operated for the 14EC by private contractors (see also Chapter 17- 
Industrial Participation Aspects) . 

PRODUCTION OPERATIONS 

During the year, the AEC consolidated some o€ its feed materials 
rctirities *and, after an independent study, decided to continue its 

water production operations. The recovery of bulk quantities 
j of heat-producing radioisotopes from chemical processing wastes is 
I hmed under the “Radioisotope Production” section of this chapter. 
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Weldon Spring-Fernald Consolidation 

R, AI0 
.feed materials plant (operated by Mallinckrodt Chemical wOrh; 
would be shut down as part of a program to consolidate the fwd 
rials production operations at the Ferndd plant near Cincinnati, ok,i.. 
Fernald is operated by the Kational Lead CO. The two plants 
been operating at reduced levels as a result of the plutonium and eri- 
rich& uranium production cutbacks. The Plant S11utd0an mas mQa 
pietea at year's end. 

Expressions of interest were solicited from indust7 for pos5iNe 
commercial use of the Weldon Spring facilities. The nature of indb 
try interest will, in large measure, determine whether proposals 
be formally requested. 

Consoijdafjon of facilities. The consolidation of the fwd makfiak 
activities a t  Fernald required the RnCtiVatjOn of Some of the phnr 
units at that site which had been in a standby condition. The concpe- 
trate sampling and storage activities which had been hand14 8.' 

Weldon Spring were transferred to the Grand Junction Offie. fr! 

addition, Xlallinckrodt Chemical Works had conducted a procep3 h- 
velopment program at Weldon Spr;ng directed toward reducing *F 
costs of feed materials production. This program was conlbkd njgk 
similar efforts at the Fernald plant and the necessary quipmenr fw 
the activity transferred to  Fernald from Weldon Spring. 

The Technical Libraq from the re]dm 
sprillg Plant  as turiicd ol-er to the t7nil-ersity of Missouri for !l* i;, 
the sc1~c)oI's St. Louis Branch. The university x~ill  keep the 1ibm-1 
illtact alld the informatioll andable  to the public {see a h ,  
Chapter 1fi-TnforrnatioiialA4ctivit i e 4 .  

Apfil 1966, the AEC announced that the JVeldon 

Weldon Spring library. 

Storage Site Disposal 

Sf. Louis Airport. All uranium-bring residues (with the contain&! 
recoverable elements) at the St. Louis Airport Storage Site m w  d 4  
to the Continental Mining and Milling Co. Removal of these red::== 
which contain other recoverable elements, was completed 
Kovember 1. The land will be turned over to GSh  for d k V 1  a* 
GOT-ernment surplus. 

All materials stored at the Middlesex, riT.eJ., Stor%"* 
site were removed and complete decontamination of the facilitis fe 
unrestricted disposal should be completed during 1967. 

Middlesex. 

Boron 10 Production 
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Water Production HeaW 

Change-over study. At the request of the ,4EC, an ,4tuniic Indus- 
'$1 Forum ad hoc committee wits appointed in 1965 to study the 

ibi1it;F and interest of industry in producing heavy water on a 

Afier*a careful study of the heavy water production operation and 
*wted requirements, the committee forwarded a report of their 
to the AEC in the spring of 1966 which concluded that ". . . 

me of the limited domestic market and competition from govern- beca 
Inen t-assisted foreign production plants, it seems unlikely that a pri- 

company would be willing to assume the risk of building new 
hWV water production facilities in the United States at the present 

@ 
I p s  

Cfl@ 

Pro' 
j t d Y  

ercial basis. 

ru'que Products. Photo on l e f t  shows an Oak Ridge, Tern., Y-12 Plant chemist 
m i n i n g  a uranium rod purified to less than 50 parts per milliun total impUri- 
*a, one of the highest refinements known. This was the summation of 75 im- 
wity elements, assuming the maximum values for  the lower limits of detection. 
&purification factor was obtained at the Union Carbide Corp.-operated plant 
gzssing an 18-gram portion uf the rod-which originally contained 900 parts 

million total impurities-six times through a standard electron-beam floating- 
refiner (in background). The purity n-as verified by a spark-source mass 

an Oak Ridge, Tern., Y-12 Plant chemist 
'ss than 50 parts per milliun total impuri- 
iown. This was the summation of 75 im- 
n values for the lower limits of detection. 
t the Union Carbide Corp.-operated plant 
od-which originally contained 900 parts 
hrough a standard electron-beam floating- 
rity n-as verified by a spark-source mass 

eter. The uranium will be used for research purpmes. Photo on fight 
Hanford product that has been produced in metal button form for the 

%time. It is a button of neptunium which was produced in the Hanford 
Chemistry Laboratory by Isochem Inc. Operation of the AEC-owned 

The n e p  
iS being used by the Pacific Xorthwest Laboratory for metallurgical 

wiQS+ Previously all neptunium recovered from irradiated uranium fuel 
%mts at Banford was processed to  nitrate solution or oxide form--The 
%erdoUar-sized button weighs 123 grams. 

Cal separations facilities n-as taken over at the start of 1966. 
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time or in operating the Savannah River facilities. . . .” I n  view of 
the AIF committe’s study report, the AEC decided to continue Opera- 

tion of the Savannah River plant at one-third capacitF and to continue 
to watch closely the heavy water market. 

Sales increase. Production of h e a v  water at Savannah River ;n 
1966 amounted to 186 tons. Heavy- water sales to U.S. customers to- 
taled ‘7.3 tons-an increase over 1965 sales. Foreign sales during the 
yeax totaled about 232 tons which was talmost a nine-fold increase ol,er 
1965, due principally to the 127-ton sale to France for the E N  re- 
actor. Foreign leases, principally to Canada for the remainder of tb 
heavy mater needed for the first CAhTDU reactor at Douglas Point in 
Ontario, totaled 94 tons. Domestic loans and leases in the united 
States totaled 38.4 tons. 

Plutonium Scrap Recovery 

Operations at the Hanford Plutonium Reclamation Facilities, for 
the recovery of plutonium from solid scrap and waste solutions, mere 
increased in March from a 15-shift meek to a 21-shift week to expdik 
the recovery of plutonium from the scrap backlog. The $3.2 million 
reclamation plant has been in operation since 196-2. 

‘ t  
ROTAMETER ( 

Plutoniuni. Rccol-crp. Diagram shows the incinerator, which was cornplete1.r r~ 
built in 1966, that is used for burning combustible scrap, such as papen. ad- 
board. and rags. contaminated with plutonium at the Hanford Plant. The d. 
containing the plutonium. is then treated in the Hanford Plutonium R e ~ 1 a - t ~ ~  
Facility. 
-~ 

See p. 51, “Annunl Report to Congress for 1964.” 
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New Arrangements for Small Lots 

It is AEC policy to use commercial services for processing all -4EC- 
flmerated plutonium scmp-other than that generated from the plu- 
Mnium production md the weapons fabrication programs.‘ How- 

individual AEC operations and contractors may hare non- 
reduction and/or nonxeapons plutonium scmp in amounts too small P 

to justify separate commercial scrap processing arrangements. In  
May, the AEC’s Ricldand Operations Office was given the responsi- 
bility to act as an agent for handling such amounts by combining them 
into suitably segregated and sized processing lots, and arranging for 
commercial recovery of the plutonium and other nuclear materials 
that can be recovered economically from the scrap. 

b 

Production Planning 

I Fjve-Year R&D Planning 

The future demand for weapons material has decreased, thus making 
jt possible to use rthe production reactors to produce increasing quan- 
tities of other useful products. A long-range process development 
program has been established to reduce costs of a variety of new 
igtopes for commercial and space applications (see Chapter 9- 
Isotopic Heat and Power Applications). The approved prograni has 
broadly based objectives to : ( a )  provide data regarding likely avail- 
:ibilitF of noli-weapon reactor products, (6) provide a base upon 

. Echich to establish future, more complete, tFhnology as specific re- 
quirements materialize, ( e )  minimize interference with t.he weapons 
mission, ( d )  incorporate flexibility to adjust rapidly to mission prior- 
hies, and ( e )  avoid, insofar as possible, potential future “crash” 
programs. 

lnvestig a ti on of R esona n ce Reactors 

. c- U .  

1, A resonance reactor has been suggested by the Savannah River Lab- 
mtory as an attractive method for converting uranium 236 into the 

o gptuniurn 237 target material needed to meet the anticipated plu- 
xaium 238 demand over the next 15 years. One possible conversion 

Savannah River production reactor involves displacing 80 to 90 
?Rent of the heavy water (D,O) moderator wilth materials such as 

-- 
L- 

-9 

- 
- m ,  

1 - 
’&e P. 82, “Annual Report to Congress for 1965.” 

24@-675--67-S 
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aluminum or magnesium-which neither moderate nor absorb neutrons 
to any large extent-while retaining the present lattice configuratio, 
of the reactor. Another concept to achiere a more efficient confi ora- tion of a resonance reactor would involve the creation of a cornp,a 

9 and con. and relatively homogeneous mixture of fuel, D20 moderator 
trols. The compact core design mould require extensive modificatiob 

ms, of the present control system, moderator circulation, safety syst, 
etc., and could be constructed either in an existing reactor tank or in ~ 

closely adjacent new tank at about the same cost. The compact ~~ 

design would have a significant productivity advantage, but 
cost considerably more. Both the technical feasibility and the e ~ c r  
nomic evaluation of the two concepts lare under study. 

RADIOISOTOPE 
PRODUCTION AND SALESj-& 

Radioisotopes being used, or under study for I>o;tential uses, as ther- 
moelectric power sourcw are either man-made by irradiation of seleapd 
target materials with neutrons, or are recovered as byproducts (fiLqioE 

products) from chemical processing of “spent” reactor fuels. ne 
increasing interest in certain radioisotopes for isotopic heat appiira- 
tions has stimulated technological development of cheaper and better 
methods for irradiating target materials in the AEC’s productim 
reactors. At the same time, chemical processes are being developed for 
economical recovery of highly purified isotopic products on a 1ar.p 
scale than previously. The current and potential uses of radioks 
topes in space, terrestrial, and marine systems, and the development 
of the fuel sources for these uses, are discussed in Chapter 9-Isotopip 
Heat *and Power Applications. 

NEUTRON ADDlTlON PRODUCTS 

Originally, the AEC’s production reactors at Hanford and SarannaP. 
River were built specifically to provide fissionable material for tke 
Nation’s defense. However, because of their large size and wide 
of neutron flux these reactors offer significant advantages for the pm 
duction of special radioisotopes. This can be done by neutron irn3di.a- 
tion of specific target materials, generally over a period of seremi 
months, and in some cases, years The desired isotope ordinarily mu@ 
be chemically separated from the target material after the irradiath 
period. The more important of the heat-producing isotap beiM 
made directly by neutron addition reactions at Savannah Rirer ST@ 
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r i m  244, plutonium 238, cobalt 60, and polonium 210. Also being 
reduced are unique heavy element radioisotopes, such as americium, 

and californium which are of scientific interest. 

GU 

P 

HIGH-FLUX OPERATION 

A successful one-year demonstration of very high flux opemtion, 
Br scientific as well as technical purposes, was completed at the 
sBvmah River Plant (SRP) in February 1966. During t h i s  pro- 
mq stable reactor operation was demonstrated at neutron flux levels 

to 6.1 X 10l5 (six quadrillion) neutrons per square centimeter per UP second (n/cm2-sec.)-the highest sustained flus ever attained in any 

c 

GAS r F€RMIUM SAMPLE 

hhmplr IrradiatioTt. Diagrams shon- a pneumatic device for rapidly moving 
asample from the center of a reactor core to a counting facility that has been 
developed by E. I. du Pont de Semours 8: Co. enginrers at the AEC's Savannah 

I Plant to take advantage of the high thermal neutron flux (SXlp n/cm*- 
~ !Wee) arailable in the production reactors. The sample, coated on the end snrface 

Qf a pellet (see lozcer r i g h t ) ,  is irradiated in the reactor and then transported 
ia about one second through a 75-foot-long shuttle tube for counting at a 

I hfetector. The high-speed pneumatic facility was used by scientists from the 
hmIIce Radiation Laboratory to irradiate fermium 237 to produce fermium 
a The raults have not yet been reported. Consideration is being given to 
a g  this device for additional tests during future high flux operation at 
&Tamah River. 

50098 18 
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reactor in the wurld-and at heat fluxes up to 2.66 X 10’ (2.66 mlioQ) 
BTU per hour per square foot, and specific powers of 226 I;ilowatts 
per gram of uranium 235. 

Scientific Experiments 

Dur-g the SRP high-flux demonstration, reseaxh samples contab- 
;lg over 150 nuclides of 66 elements were irradiated for Seperal uni- 
versities and various AEC national laboratories. Irradiation of mbk 
59 -produced the world’s most concentra;ted c d d t  60 mm-nb’ 
700 curies/gram and generating 96 ~at;tS/cc of heat-for fundamental 
shudies #art %he Savannah River Laboratory. Mm, during this program 
in 1966, more sophisticated tests than those accomplished in 1965 
completed at ithe reactor site by scientists and engineers from the 
Lawrence Radiation and Savannah River Laboratories to measure the 
half-life of fermium 258 (see below) ; new iwbpes from double neu. 
tron capture in stable targets were produced and tenbtively identified 
at the reactor site by scientists from Argonne National Laborator, : an 
experiment confirming the hard texture of the moon observed b’ae 
Surveyor I landing was completed by scientists of the Brookharm 
National Laboratory; and many other scientific experiments, the 
sdlts of which are still being developed by experhentors from various 
universities and ,4EC lahorrttories, mere completed. 

l“ing 

Fermium Half-life Finding 

-4 series of irradiation tesLs, begun by Lawrence Radiation Labra- 
 tor^ scientists in 1965 in tan attempt to measure the half-life of fermium 
858 (Frnz”) was continued in 1966. TVhile no evidence was obtained 
for the formation of this nuclide, Ithe high neutron fluxes attained 
made it possible to set an upper limit, of a b u t  10 seconds for its s p n -  
taneous fission half-life. 

The stability of Fm25S and Fm260 (158 and 160 neutron subshelk 
respectively) toward spontaneous fission is of key significance in d e  
termining the upper limit of nuclear stabiliity as atamic number in- 
creases. Because of the perturbation introduced by lthe 152 neutron 
subshell, theoretical extrapolations of spontaneous fission half -1im for 
nuclei wkli neutron numbers adbve 156 are contradictoq and allow 
the p k b i l i t y  of a recovery of stability a t  this level. Experiments 
however, had shown a trend toward shorter spontaneous fission half- 
lives a l b m  the 152 neutron number. 

The extremely short spontaneous fission half-life limit for F d S  
determined in the Savannah River experiments suggests ;that the re 
covery of stability afiter the 152 neutron subshell is unlilrely, althO& 
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measurements of Fmzso will be necessary before reaching a 

conclusion. As +a consequence, theories on much of the recent 
s p o n t a n ~ U S  h i o n  systematics are in danger, and equally so are the 

'ldities of creating heavier nuclides. Keutron capture by a rapid 
such as occurs in thermonuclear explosives may lead to new 

r,,ctors will be severely limited because of losses of key nuclides 
,,bough spontaneous fission decay. 

P 
dd-msss Pfl@ nuclei, but formakion by prolonged neutron irradiation in 

Special Reactor Products 

The demand for the man-made transplutoiiiuni isotopes, especially 
carim 244 and plutonium 238, continues to grow as new uses for them 
j,-, space programs (see Chapter 9-1sotopic Heat and Power *4p- 
plications) are found and with the openiiig of the National Trans- 
latonium program Center at Oak Ridge (see Chapter 13-Rwarch P F S i l i k j  and projects). Efforts are continuing at Savannah River 

to kcrease the production rate for transuranium radioisotopes as well 
%s such other special reactor products as cobalt 60 and polonium 210. 
shortly after the completion of the high-flux-operation demonstra- 
tion, the plutonium target elements which are being used to produce 

244 were charged to the reactor. In addition to producing 
mim 244, other isotopes-polonium 210 and cobalt 60-are being 
produced, and numerous special irradiations are being carried out at 

of approximately ioi5 n/crnz-sec. 

Curium 244 

' Production of curium %&I ( Cm2*') is a multistep, multiyear process. 
During 1966, the last irradiation step in a pilot production pro- 
mrn which 'began in 1963, was underway with the ir+adiation 
scheduled for completion early in 1967. During the yew, it was also 
fmd psible  to increase the planned output by 50 percent at a low 
icremental cost by minor modifications to the irradiation schedule. 
brium 244 is being produced in a produetion reactor by irradiating 

$lamiurn 2.39 ( P U * ~ ~ ) .  The portion of the starting plutonium not 
kt through fission is converted it0 heavier isotopes by successive neu- 

u; 
I \ l C I I f - a  c1 
1 t la l f  = 

c3 
$ . t l P  PJ 

Llle re 
]Lull$' 

tron capture. The plutonium thus produced, rich in the plutonium 
92 isotope, is separated and irradiakd furbher to produce americium 
2zd ~urium. In  the currenlt production program, the irradiation of 
z*hhm 239 mas started in 1964, and the irradiation of the plutonium 

@eSiducrls reused. I n  the scheduled high-fl u s  irradiations, 4.5 k20- 
-%%instead of the previouslp planned 3 kg.-of curium 244 e l l  

- :*-rich fraction was started in 1965. 
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be produced by ,4pril 1967. Starting in September 1967, this 

g Pro. 244 ~ l l  be separated and purified in temporaq facilities bein 
vided at the Savannah River Lahratoxy Residual plutonium 2Q 
alld americiunl243 Kill be se,parated ; these materials can th 

en h used to produce additional quantities of curium 2.24 which llas 
17.6-year half-life. The purified product Kill be used to chard,- a 

brize curium 244 as an isot,opic heat source and nil1 be available for 
other research needs. The work to  develop curium compounds suit- 
able for isotopic power applications supplements and is coordinated 
Kith the curium heat source work at the o a k  R i d p  xational LaboB- 
tory. The irradiation will also produce about 20 milligrams of cali- 
fornium 252 (CF*52) as a byproduct. Californium 252 is currently 
being evaluated for possible use for neutron radiotherapy of 
Californium and berkelium (Bk) , another isotope formed in the jr-  
radiation, are valuable r a r  materials for the production of heavier 
elements. 

Facilities being designed. New facilities are being designed at the 
Savannah River Laboratory to handle quantities as large as 100 to 
1,000 gram of curium 2.44 to permit the n=s=rl)r support work on 
manufacturing processes for fuel form and encapsulation. The f;tcili- 
ties are expected to be located in a new wing designated as the I& 
topes Process Development Laboratory (IPDL) to the major R ~ -  
search and Development Building at, Savannah River. The curium 
244 facilities envisioned for the IPDL will permit the derelopment of 
all processes up t.0, and including, the encapsulation of curium 244 for 
use in power sources. 

Plutonium 238 

During 1966, studies were completed of various alternatives avail- 
able to the AEC to  increase the long-term production of the plutp 
nium 238 isotope. However, because t4he production process is length? 
and complex, little can be done to increase near-term production 
significantly. 

Useful heut source. Plutonium 238, with an 87-year half-life, is t 
very attractive radioisotope for heat source purposes7 especially when 
long service and minimum shielding requirements are needed. Plutu- 
nium 238 is made in production reactors by irradiating neptunium 237 
( N P ~ ~ ' )  with neutrons. Neptunium 231, however, is currentl:* ob- 
tained only as R byproduct from thermal reactors: therefore, its p m  
ent availability is dependent on large-scale manufacture of other i* 
tops .  Alternative methods were developed to enhance neptllnim 
237 production. With these alternatives, significantly more plut* 
nium 238 can be produced over extended periods, althoqh little 
be done to increase plutonium 238 availability in the near term. 

Cobalt 60 
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Lklthougll forecasted demand for plutonium 238 may exceed its 

pl,ail&ility for irradiation of neptunium 837 from the production 
ctoIs, large amounts of plutonium 238 may be derived from by- rea 

&uct neptunium 237 recovered from spent- power reactor fuels after 
'd-1970's. This target material could be advantageously mn- the rm 

veded to plutonium 238 in the production reactors because of their 
ml&ely ligh neutron flux, short irradiation cycles, and available 
-&ation space. Thus, the production reactors may complement 

wer reactors to provide a more abundant and inexpensive supply of Po 238. 
plutonium 238 oxide. When plutonium 238 (Pu238) was first, pro- 

duced at the Savannah River Plant, it was shipped off-plant as a 
@]&on of ph-konium nitrate. nex facilitF was s t a r t 4  up in July 
1965 to produce plutonium o d e  in an easier-to-handle powder, rather 
&m in liquid form. Now, plutonium oxide is shipped in a container 

illustrations) that can withstand an internal pressure of 825 i@ 
wv 8 temperature of 925"C., and an impact equivalent to  a drop of 

pSlb7 
35 feet. 

Cobalt 60 

Of all the radioisotopes currently being produced, the market for 
Mbalt 60 ( G P O )  is the greatest. Already widely used-bececause of its 
strong gamma radiation-in industry, medicine, and research, the use 
of dbalt 60 for irradiation processing of foods and the possible use as 
aheat source now indicates a need for even more production in the 
future. Until 1966, the Savannah River Plant and the General Elec- 
m c  Co. (Pleasanton, Calif.) have been the Nation's major domestic 
sou~ces of high specific activity Co60. 
In May, the AEC approved a request of Consumers Power Co. of 

Eiiclligan to produce CoGO in the Big Rock Point Nuclear Power Plant 
mCharlevoix County, Mich. Production of Corn will be incidental to 
the continued operation of the Big Rock Point plant as a power-pro- 
ducing reactor (see Chapter 17-Industrial Participation). 

Cobalt 60 has a half-life of 5.3 years and is made by irradiating 
natural cobalt, which is 100 percent cobalt 59, in a nuclear reactor. 
Pure cobalt 60 mould have a specific activity of 1,140 curies/pm and 
&total energy release rate of 17.7 watts (thermal) per gram, but high 
mncentrations of cobalt 60, Le., high specific activities, are difficult to 
obtain except a t  very high reactor fluxes. Cobalt 60 at lov specific 

- 

a i ~ t y  (up t.o 50 curies/gram) has been made in large quantity in the 
past for applications where the gamma rays were used for radiog- 
QPhp and product irra.diation. However, there are advantages to  
:%g mbalt 60 at a high specific activity (100 to 400 curies/gram) in 
reat producing applications. During 1966, significant quantities of 

z 
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Plutonium 2.38. Plutonium 238 is a man-made radioactive material produm 
at the AEC’s Savannah River Plalllt (SRP) near m e n ,  S.C. Among other 
things, it is useful as a heat and power 8ource for space vehicles. The mat- 
is sh0-m above in cake form at the SRP chemical processing area. The material 
is shipped to a fabrication facility ofl-site, where it is prepared for the dtbk 
user. Photos beEm shoF the SRP-developed container for the plutonium oxide 
which is actually three containers in one. Oxide is loaded into the inner cop- 
tainer ( h o t t m  right)  a stainless steel tube, which is then sealed on mb 
with metal plugs, caps, and gasfilled O-rings. The inner container is then 
loaded into a stainless steel can, which is then sealed with a -1- 8- 

cap and a “Silastic” gasket. The can &3 then decontaminated and loadea 
an outer stainless steel container (bottom left) which is corered with a lager a 
polythene through which radial metal fins protrude. The stainless steel and t& 
polythene absorb neutron radiation and the metal fins dissipate heat. The 5 
pound Container, is about 16% inches high. 
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~t 60 at high specific activity were made in the Savannah River 
IS, to be used for investigating the metallurgical properties and 

ro+ie physical data for engineering designs. In  addition, a small 
16 *(&out 1% grams) of cobalt was irradiated to a record specific 
+iq of 700 curies per gram for similar esperiment.af purposes. 

ancentrated sources of penetrating energy could have uses in 
radiography industry. 

The h h d o g y  of producing and using mhak 60 as a heat-prduc- 
inSimtope continues to advance. Cobalt 60 promises t o  be among the 
,hpa+ of the heat producing isotopes. However, because the energy 

CO“* primarily “Is a very penetrating gamma ray, its use as a h a t  
will require heavy shielding. The weight of the latter nil1 

frorn 
wurm 
&ably limit Go6’ applications to terrestrial or marine uses. These P d d  be for the heat content alone, as in space heater ( L i ~ t ,  bellied 

applications at remote locations-such as the Antarctic-or in 
w&m laboratories. 

cobs 
teacto 
to P 
@P 
gcti 
such- 

b M ’ 8  “Bottest” Cobalt. Photo on left shows a cobalt 60 wafer smaller than 8 

h a n d  which emits 7.5 watts of energy. This wafer, haring a record-breaking 
ewific activity of 700 curies per gram, was produced in the Sarannah River 
b t ’ s  high-flux demonstration program during which the highest sustained 
m o n  flux (6 . lX 1W n/cm2-sec.) eyer attained in a reactor w a . ~  achieved. Photo 
W h t  shows a 3-inch lung cobalt 60 heat source capsule that producles 260 watts 
#heat and readily boils the water in .the beaker. The capsule, which contains 
b i l @  curies of cobalt 60, is the first ever made to obtain heat from cobalt. The 

60, xvhich was produced in the high-flux demonstration program, is in the 
f 57 wafers, each of which has a specific acti-rity of 120 curies per gram, 

t 
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Polonium 210 

The irradiation process for polonium 210 (Po2’’) manufacture is 

Q n -  weU. established. Bismuth, which is the target isotope for Po210 

ufxtwe, has a very low cross-section and is not readily converted b 
neutron capture. Thus, large amounts of bismuth are required J 

ln a reactor at any one time for polonium 210 production. During lgG6 

curium 244 manufacture (discussed previously), was such that 
number of reactor channels mere unused, and the opportunity 

om 
taken to fill these channels with bismuth. The polonium 210 fi 
this material will be used in process and device development activit,ie 
at Mound Laboratory. 

the irradiation being conducted at Savannah R i v ~ ,  primarily for t 

& 

Califwnizcm Needle. By spontaneous fission, californium 2.52 emits nentnarr 
that may be used for therapeutic purposes. A needle slightly over an inch Img 
has been loaded with 1.4 micrograms of man-made californium 252 by special PIW+ 
trdeposition techniques at the AEO’s Savannah River Laboratory and is &iP= 

used to determine dose distribution in material equivalent to human tissue- 1s 

the autoradiograph (inset photo) the dark area was produced by radiation fro& 
the californium 232 which emits 3.4 million neutrons per second by spontan@Tm 
fission. The outrine of the needle was obtained by exposing the film to  X-mfr 
It has been proposed that the needle could be placed directly in a maIf- 
tumor. This treatment would expose the tumor to a high mcentration Of 

trons, .pa&icles which have not been thoroughly investigated for cancer thNW 
In the past because of the difficulty of depositing neutrons specific.all,C in 
tumor. 
neutron irradiation for cancer treatment has ;been possible only by Placing zL 
patient in close proximity to a nuclear reactur or a cyclotron. anside=& 
work in this field has l&n done at the AEC’s Brookhaven National Labrdtaari* 
The treatment is costly and is limited by the availability of reactors and e 
trons. 

Heretofore, too much intervening healthy tissue was expos&. 

Oak Ridgc 
-clear reactioi 
&xtive reac 
nuclides. Th 
occurring mo 
tion of thuliu 
thulium isotq 
of isotopicall: 
naturally oca 
the practical I 
=of t.he producr 
tors relevant t 

Uranium 233 

Production 
wntinued duri 
supply high-pl 
ment needs. 1 
uranium 233 w 
tent is desired 
mt handlhg a 

Ranford recove 
yamah River I 

PF-s which n 
auoy fuels. AI 
RaS produced fa 
criticai experin 
c h , t  er L R ~  
3 3  was transfel 

for 



1 

JANUARY-DECEMBER 1 9 6 6 105 
TO meet anticipated requirements for larger quantities of polonium 

410 which has a 138-day half-life, for heat source applications, Han- 
Mound, and Savannah River are evaluating processes for  the 

very and purification of polonium 210 from irradiated bismuth. 
~ ~ a u m  distillation has been demonstrated to recover relatively pure 

l o n i ~ m  horn bismuth and is expected to make the bismuth im- Po mdi~tely available for re-irradiation. However, a special facility 
,ou]d be required for such a process. To meet increased require- 
ments at an earlier date, solvent extraction with diethyl carbitol could 

&pplied in an existing solvent extraction facility to separate polo- 
nim from the bulk of the bismuth, with correspondingly reduced 
ubj expenditures for the process. 

Thulium 170 and 171 

4 B 
t 

d 7  

j 1 

Oak Ridge National Laboratory has completed a study of the nu- 
clear reaction cross sections that are important in debmining the 
effective reactor production rates of the thulium 170 and 171 radio- 
nndides. Thulium 170 could be produced by irradiation of naturally 
murring monoisotopic thulium 169. Three modes of reactor produc- 
tion of thulium 1'7'1 were studied : (a)  successive neutron captures in 
thulium isotopes beginning with thulium 169; (6) neutron irradiation 
-of isotopically enriched (96%) erbium 170; and (c) irradiation of 
naturally occurring erbium. The study will be extended to determine 

practical modes of production for  these two radioisotopes, purity 
of the products, biological shielding requirements, and economic fac- 
tors relevant to costs of isotopic power fuel forms 

Uranium 233 Recovery 

Production of uranium 233 ,6,) by irradiation of thoria (Tho,) 
mntinued during the year at both Hanford and Savannah River to 
supply high-purity uranium 233 for reactor and fuel cycle develop- 
ment needs. For research and development, purposes, high purity 
uranium 233 with a low (4 to 6 parts-per-million) uranium 232 con- 
mt is desired because its low radioactivity is more conducive to di- 
rt& handling and fabrication withiout the use of heavy shielding. 

m Ranford recovered high purity uranium 233 in the Purex plant; Sa- 
= armah River recovered high purity uranium 233, using a similar 
rtl Process which normally processes highly enriched uranium-aluminum 

fuels. About 200 kilograms of this high-purity uranium 233 
produced for the Light Water Breeder reactor (LWB) physics 

+tied experiments at the Bettis Atomic Power Laboratory (see 
33~ter  ?'-Reactor Development and Twhnology ) . Some uranium 
2 transferred to  the Oak Ridge National Laboratory research 

c 

for storage and distribution. 
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FISSION PRODUCTS 

Fission products are the nuclear fra,ments resulting from the 
.@- ting of a fissionable atom and constitute the highly radioactive (hi 

level) wastes from the chemical processing of irradiated ( “smt+,) 
nuclear fuels. Many of the fission products are radionuclicks hai.ihg 
potent.ia1 large-scale application as heat and radiation sources. 

Hanford Prime Source 

Currently, the prinie source for fission-product radioisotopes is tile 
recoveT operation conducted at, the ,4EC‘s Hanford, T a s k ,  prduc- 
tion complex ; a secondary source could be the Savannah River plant 
a4t ,4iken, S.C. Detailed design work is continuing on the Fission 
Products Conversion and Encapsulation Plant at Hanford xhich is 
scheduled to begin a large-scale radioisotope rec0l-T operation as a 
private commercial enterprise. 

During the 1961-1963 period, facilities a t  Han$ord had been modi- 
fied and adapted for recox-ering and providing? selected CoIlcen. 
trates, the fission products strontium 96, cesium 137, cerium 144, and 
promethium 14’7 8 that are required by other -4EC programs. with 
the exception of cesium 137, these fission product radioisotopes 
recovered from the currently generated high-level chemical processing 
wastes. The cesium 137 is recol-ered from stored aged high-level w a e  
solutions. Since the initiation of recoveries in 1960, Hanford h u  
made deliveries of fission products as shown in Table 1. 

TABLE 1 .-FISSIO?; PRODUCT DELIVERIES, 1961-1966 

Fission products dehered to 

Strontium 90 
Oak Ridge Sational Laboratory- _ _ _  _ _  - _ _ _  - - _ _ _  _ - - 
Martin Co., Quehanna, Pa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Oak Ridge h’ational Laboratory- _ _ _ _  - _ _ _ - _ _  _ _  - - _ _  
Oak Ridge National Laboratory- _ - - _ _  _ -  _ _  - _  - - _ _ _ -  

Oak Ridge National Laboratory- - _ - _ _  _ _  _ - _ _  _ _ - - _ _  
Pacific Korthwest Laboratory- _ _  _ _ _ _ _ _  - _ _ _ _ _ _  _ _ _ _  

Cesium 137 

Cerium 144 

Promethium 147 (as 2.5-year aged) 

Kilocuries for CY’S 

lQ61PQ65 

6,200 
1,244 

2,500 

1,000 

59 
309 

1966 

1,700 
0 

1, ooo 
0 

@ 
3,730 

See pp. 4S-50, “Annual Report to  Congress for 1963.” 
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private Plant Being Designed 

Fission product fractions of strontium 90 aid rare ear thsnontain-  
romethium 147-not required for scheduled deliveries, are being ing P 

and stored for the decay of objectionable short -lived iso- 
topes in Hanford’s B-Plant facilties. These fractions are being accu- 
mulated as initial feeds for the Fission Products Conversion and 
Encapsulation (FPCE) Plant. The FPCE Plant is to be built on 
leased ground in Hanford’s chemical processing areas as a private 

by Isochem I ~ C . ~  Isochem, as an AEC contractor, also took 
Over the operation of the Government-owned chemical-separations 
facilities at  Hanford at the beginning of 1966. The FPCE Plant, for 
,&i& an AEC construction permit is now pending, is planned as a 
facility to obtain specification feeds of strontium 90, cesium 137, and 

mre earth fraction from Hanford’s waste management operations. 
In addition to the fission products already mentioned, the Hanford 

hi&-level wastes contain trace amounts, although significant total 
pantit is ,  of rhodium, palladium, and technetium, an element not 
found in nature but with chemical properties similar to rhenium. 
Techniques are being developed to  recover and purify these potenti- 
ally valuable elements. 

The AEC’s Savannah River operations has developed flowsheets to 
recover a crude promethium 147 concentrate in both of its irradiated 
fuel processing plants. The actual process steps would use existing 
equipment in each plant and could be performed with a minimum of 
interference to other plant processes. I n  October, a demonstration 
run in the Purex plant (F-Canyon) recovered from fresh wastes the 
equivalent of approximately two megacuries of 2.5-year aged prome- 
thium 147 n-hich is being stored in existing tanks. From three to four 
years’ lead time for preparation, coilcentrate accumulation, and a-hg 
for decay of tlie unwanted promethium 148 would be required for 
promethium 147 deliveries from Savannah River. 

RADIOISOTOPE SALES 

To meet the needs of the Government, industry, and science for 
radioisotopes, AEC facilities are used to produce, or recover in puri- 

m-, fied form from chemical reprocessing wastes, and package a wide 
rariety of isotopes. The Isotopes Development Center at Oak Ridge 
serves as the primary sales point for these AEC products. As spec- - ific radioisotopes become reasonably available from private c o m e r -  
cid producers, the AEC withdraws from tlie routine production and 
distribution of those isotopes. 

az - 
- 

’&e P. Sl, ‘‘-Annual Report t o  Congress for 1966.” 
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Cobalt 60 Sales Increase 

During the 11 months ending Sovember 30,1966, a total of 2,516 9k5 
curies of processed radioisotopes were distributed by Oak Ridge ii 
tional Laboratory. This represents a 125 percent increase in unit 
over the same 1965 period, mainly from increased sales of cobalt 

Rere 
and promethium 147. A total of two million curies of cobalt 60 
sold representing 79 percent of the total curies distributed by OR\'-, 
Significant shipinelits of cobalt n-ere made t o  Brookhaven xatiolra; 
Laboratory (792,000 curies) for use in its High Intensity Radiation 
Development Laboratory and to Atomic Energy of Canada Limited 
(47&000 curies) for re-sale to  its commercial customers. 

Production a n d  Sales Withdrawals 

The ,4EC withdrew from the routine production and sale of l9 
niore radioisotopes during the year : antimony 124, arsenic 76, arsenic 
i7, bromine 82, cadmium 109, cadmium 115, cadmium 115m, Copper 
64, gold 198, gold 199, lanthanum 140, mercury 197, mercury 203 
molybdenum 99, phosphorus 32, potassium 42, silver 1 1 O m ,  sd i& 
24, and sulfur 35. This makes a total of 36 radioisotopes froin wliicli 
the AEC has withdrawn since May 2, 1961, as these isotopes became 
available from private industry. As a direct result of these with- 
drawal actions, the number of shipments made by ORKL during tilp 
first 11 months of 1966 fell to 5,044 from 7,907 in the same perid 
in 1965, and 10,367 in 1964. The continuing withdrawals resulted in 
the need for the S E C  to increase prices1" on 13 products to acliieye 
full-cost recovery for the production of cobalt 60 in solution, europium 
152, hafnium 161, indium 114, irridium 194, iron 55 and 59 (in com- 
bination), osmium 191, rubidium 86, scandium 46, tantalum 182. 
tungsten 185, yttrium 90, and tritium (hydrogen 3) targets. 

Other withdrawuls. The AEC also withdrew from supplying the 
technetium 99" generator which was developed by Brookhaven Ka- 
tioiial Laboratorj-, but is now available a t  reasonable prices from at 
least five commercial firms. 

The -4EC had ri thdrawn from providing encapsulation service to 
the public for  cobalt. 60 sources in 1958, but continued to encapsulate 

.c. its own sources. During 1966, a decision was made to have all cobdr 
60 sources used by the *4EC laboratories and contractors and other 

(-I Federal agencies encapsulated by private industry, since competitive - w commercial service is now available at reasonable prices. AS a result 
rw of this decision, the Brookhaven shipment mentioned above vas  ccm- 

mercial l~ encapsulated by the Lockheed-Georgia Co., MarietW GL 

U I  

-_ 
-L3 

I0A full list of pricea is available from the fmtopes Salee Dept., Isotopes Dew?lopment 
Center, Oak Ridge National Laboratory, Post Oace Box X, Oak Ridge, Tenn. 37831. 
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~~w Products 

A series of new radioisotopes became available froni the AEC during 
1966 as a result of the ai-ailability of enriched stable isotopes and high 
DButron flues. Included are six radioisotopes that are now being used 

medical research : arsenic '74, cesium 131, copper 67, phosphorus 33, in 
rjlenium 188, and zinc 6gm, 

FUEL PROCESSING AND 
RADIOACTIVE WASTES 

Until 1966, the chemical processing of irradiated ("spent") fuels 
from reactors was done only in AEC facilities to recover the useful 
bpoducts-radioisotopes, and urztnium that is still usable in reactor 
fuel elements. With the opening of the first privately owned fuel 
rocessing fncility and industry interest in building other such plants, P 

the AEC reassessed its future plans in this area. Work continued to 
develop methods for reducing the highly-radioactive solutions, re- 
sulting from chemical processing, to solids for easier storage. 

FUEL PROCESSING 

On May 23, the AEC announced that as a result of its review with 
potential chemical processors, reactor manufacturers, and power utili- 
ties of the need for further improving the technology for chemicaI 
processing of irradiated fuel, the AEC will continue its development 
program on the fluoride volatility process. The AEC intends to give 
the appropriate industrial entities an opportunity to review and com- 
ment on its volatility development program as it progresses. It will 
also continue to evaluate the merits and need for a future cooperative 
program for the industrial demonstration of the fluoride volatility 
process, and will consider at a later date the possibility of providing 
a high enrichment fuel load for this purpose. 

Second Base-Load 

It was also announced that,, on the basis of information it has been 
given on the forward steps planned by industry to construct new chem- 
ical processing plants (see below), the AEC considers that for the 
present, support in the form of a second base load of fuels, such as was 
furnished in establishing the first private plant, is not required to en- 
murage the development of a competitive processing industry. The 
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LkEC will follow the progress by industry in the development of coni, 
petitive processing services, and will reconsider its offer of a Second 
base load of Government fuels if it should prove ta be necessarv 
desirable . 

Private futilities. The first private p ~ ~ w s i n g  facility, Nuclear Fuel 
Services, h c .  (NFS),  \\Test Valley, X.Y., began operation in 
with an initial load of "spent" fuel from Hanford's ''X" reactor abd 
Commonwealth Edison's Dresden reactor. 
General Electric Co. announced it would build a processing plant neap 
Morris, N., wit11 operation scheduled for mid-1970. Allied Chemical 
Gorp. is continuing its studies directed toward eventual conr;tru,,, 
tion of a fuel processing plant. (See also Chapter 1$--Inciustrial 
Participation ,4spects.) 

v 

Duriilg. September, 

Increased Fuel Processing Capacity 

The first uranium recovery process employing a dissolved neutron 
poison for criticality control has been successfully del-eloped and put 
into operation at the AEC's Idaho Chemical Processing 

Private Processing. The first privately owned plant for the processieg of 
irradiated reactor fuel went into operation during the year. The Suclear Fuel 
Services, Inc., facility at West Valley, N.Y., began commercial separation 
''Went" fuel to recover fissionable uranium on April 19. Photo shows the 
mated control room of the plant. The inset photo ( u p p e r  left } shows the 
shipment of uranyl nitrate solution leaving the plant on May 2. destined for the 
AEC'S feed material plant at Fernald, Ohio. The shipment consisted of 3.S 
metric tons of uranium recovered from .the processing of spent fuel from 
Am's "N" production reactor at  Hanford, Wash. 
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Reactor 

pP). The addition of dissolved bomn (bark add) .ta the h y b -  
flueric acid dissolvent for zirconium-based fuel permits a ten-fold 
inc+ in the quantity of uranium charged to the dissolver, and a 

onding increase in plant capMity. This ‘can be don3 with mly co-p 
Ibin 0~ bdifification of equipment. Following derelopment of the 

to assure adeqdate solubility, stability, extraction, and corm- P .- sian contml, the ICPP conducted a highly successful zirconium fuel 
rocgssing campaign, achieving a processing rate of 765 kg of zir- P ,niw @er diy for a 30-day period. This new technique can-be ex- 

teDdd to many other fuel processing operations with similar signifi- 

(IC 

1 . .  
f l t  CQSt savings. 

As received 
AEC No. Grass- 

site fuel ele- alloy Total 
receiving TT of a t .  

Deliveries for Processing 

un3 
Kgs 

41.8 
2.8 

4.2 
10.8 
8.3 

Q.4 

17.8 
19.4 

n e  AEC’s Idaho and Savannah River operations received “spent” 
bel for p.rocesshg from 3 domestic and 10 foreign reactors during the 
Fr. The deliveries are summarized in Table 2, b l o w :  * -  

Per- 
cent 
U 236 -- 

87 
83 

20 
83 
16 

82 

51 
81 

T ~ U  S.-IRRADIATED ALUMINUM ALLOY FUEL DELIVERED DURING 

cmtrwta  party 

CY 1966 TO AEC FOR PROCESSING 

, 120 21.6 
399 13.0 
349 50.4 

361 11.4 

1,559 349 
782 23.9 

, 1 I I I 

RADIOACTIVE WASTE MANAGEMENT 

Wasta solutions containing the highly radioactive byproducts of 
anclear fission from irradiated fuel processing facilities at Hanford, 
h n n a h  River, and the Idaho Chemical Processing Plant are stored 
anderground tanks.11 - 

‘&e p. 66, “Annual Report to Congress for 1964.” 

5 J l J  I’ n c? t i  ‘1  3 ’2 
_ -  . _  
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- Concentration of Waster 
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the To conserve available tank space and make the maximum use 
p m n t  tanks, both Savannah River and Hanford are contk 
evaporate and concentrate aged Stored Wastes to the extent fea&,le.u 
In  addition to  its prototype unit that has been operated for about tQo 
years, Hanford is constructing tKo more in-tank solidification 
units for evaporating t a n k  stored waste to a salt cake. S 
River hw evaporated millions of gdons  of Rater from th 
stored in its tTo tank farms during the past seven years. D 
October, ‘Savannah River initiated operation of a facility in One of ib 

of tank farms to  transfer concentrate from the pot evaporator to 
several tanks. are expected. A similar facility is under construction in the other savu- 
nah River bnk farm. 

uing to 

(RS, 
av% 

u9 
e 

Waste volume reductions of about 65 percent 

Sluicing Techniques 

Removal by sluicing of waste s l a d p  from the Hanford t a d q  Rhid 
are relatively free of inside impediments, has been demonstrated 
used, However, 16 of Savannah River’s tanks have internal cWrq 
coils (approximately 4 miles of pipe in each tank) which 
difficulty of tank sluicing for sludge removal. Nevertheless, in 1~ 
the Savannah River Plant demonst-rated a sluicing k h i q u e  in 2 of 
these waste tanks xhich succes~fully removed at least 90 permtof 
the sludges. 

So I i d ifi c a  ti o n Pro i e c t 

Solidification of liquid radioactive w&s is also being dernonstMd 
a.t the Pacific Korthxest Laboratory. Actual high-level r a d i h  
waste has 1 ~ ~ 1  solidified in stainless steel containers 12 inchsin dim- 
eter and. 8 feet long, The conversion to a solid offered a muchim- 
proved form for long-term storage, reduced the volume bF appmxi- 
mztely tenfold, and provided an immobile and eneapsulatd solid with 
a low soliil1ilit-j- in water. 

-i4ctunl demonstrations of radioacti1:e solidification are be% 
c‘: to  evaluate three processes-pot calcination, continuous spray 
r c  
,- ...d cation, and continuous phosphate glass. The demonstration ~1~~ 
-a a cooperative effort 011 the deyelopment of solidification pmcemk 

Brookhaven XatZtimd La.boratorv, Oak Ridge National L a b o n t W ~  
and Pacific Northwest LaboratoG. The project is designed to P d a m  
the needed technical, safeguard, and cost information -for use b? tk 
rapidly expanding nuclear industry. 

c 2  
W 
w 

13 See pp. 84-88, “Annual Report to Congress for 1965.” 
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WCF Operations 

Following completion of new calcine storage bins, l3 Idaho’s ppast, 
Calcining Facility (WCF) , which uses a fluidized bed principle, init,.- 

w% at& its second “hot” operation on April I With tank-stord 
During the subsequent 5% months operating period, 244,000 g4loQ 
of stored liquid waste were calcined to 3,087 cubic feet of grandar 
~&ine, a 10.6 volume reduction factor. operations were shut dOm 
on September 12, to repair a s o d i ~ m - p o ~ i ~ m  (NaK) leak in 
d & e r  tube bundle. This was the first major equipment failure 
during 15% months of WCF operation. 

Use of Computers 

Both the Savannah River and Richland Operations Of€im have 
developed computer programs which, Upon command, will p m ~ d s  
infomation on the current heat, dt, and important fission produd 
radionuclide contents in any or all of the respective underground 
stwage tankg. Such s computer program is a valuable management 
too1 for determining optimum lscheduling of waste storage facifitis 
for structural and heat dissipation limits. 

NUCLEAR MATERIALS 
MANAGEMENT 

The Commission is responsible under the Atomic Energy Act to 
safeguard special nuclear material from the standpoint of the common 
defense and security. Nuclear materials have been carefully con- 
trolled and safeguarded from the very lbefiinning of the atomic energy 
program. 

DOMESTIC SAFEGUARDS 

The administration of safeguards is complicated by the difEcdtF 
encountered in measuring nuclear materials in various mi&= 
and compounds. It has not been possible to measure these mate- 
rials with the precision that is charactmistic of many general chemicd 
measurements. 

Shown on p. 87, “Annual Report to Congress for 1965.” .- 
3 2 I? i; 3 ;3 

?&em Are< 

The AEc 
espriencd i 

materia‘ 
the earlj 

material mas 
with the en8 
Government-c 
lease for priv 
Rere imposed 

In implemei 
adopted the p 
for the materi, 
hg for, and p 
penalties pro5 
diversion. In 
on licensees h: 
jn the manngc - 
tection. TT‘hiI 
intrinsic value 
that the gron 
special nuclear 
requirements a 

teMrls of A E C  

Improvements 

The AEC pu 
March 29 and 1 
Iations which 1 
carried out pre’ 
for most of tl 
requirements ir 
to the AEC of 
&ports; the pel 
&.1 to AEC revj 
Control syskm. 

Improvement, 
safeguarding te 



The AEC has long recognized this measurement problem and has 
rienced instances where the measurement diiliculty resulted in 

O P  
e material not being accounted far in nuclear material operations. som 
the early years of the atomic energy program, all special nuclear 

@aterial was in the hands of the Government and its contractors. 
vi& the enactment of the Atomic Energy Act of 1954, however, 
govement-owned special nuclear material was made available under 
lea% for private use, and various cont>rols, important to safeguards, 
..+-e* imposed, both through AEC regulations and the contractual .* 

of AEC lease agreements. 
In implementing the regulatory provisions of the 19Ei4 Act, the AEC 

dopted the policy of relying upon licensees' financial responsibility 
for the material to provide sufficient incentive to assure their account- 
ing for, and protection of, the material, and upon the severe criminal 

alties provided in the Act to prevent unlawful possession and pen 
diversion. I n  addition, the health and safety requirements imposed 
on licensees have been such that compliance with these requirements 
in the management of the material also has contributed to its pro- 
tection. While the AEC continues to recognize the importance of the 
intrinsic value concept and the penalties imposed by law, it believes 
that the growth of the industry and the private ownership of 
special nuclear material will require greater reliance on safeguards 
requirements administered under its regulatory authority. 

Improvements Proposed 

The AEC published for public comment in the Federal Register8 of 
March 29 and May 27,1966, several proposed amendments to its regu- 
lations which would incorporate control mechanisms that have been 
carried out previously under contract arrangements with licensees and, 
for most of the requirements, under the lease agreements. These 
requirements include maintenance of appropriate records ; submittal 
to the AEC of material transfer forms and periodic material balance 
reports; the performsnm of annual physical inventories; and submit- 
tal to AEC review of licensees' descriptions of their internal material 
mrkrol systems. 

Improvements which have been made or proposed in the controls and 
Qfwarding techniques employed by the AEC include : 
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( I )  Expansion and standardization of AEC safe, @uard surveys to 
include coverage of privately owned special nuclear material ; 

(a )  A tightening of physical inspection procedures for independent 
AEC verification at  licensees’ plants with respect to special nuclear 
material destined for overseas use; and 

ge 
7 and of special nuclear material inventories, transfers, production 

losses, and to analyze those data. 

( 3 )  Computerization of quantit.y data needed to maintain knowled 

Study Panel Appointed 

On July 22, 1966, the Commission appointed an ad hoc Acl\-imrr 
Panel on Safeguarding Special Kuclear Material l4 to reriel7 
appraise current and proposed AEC policies md  procedures in con- 
nection with the AEC’s evaluation of the effectiveness of controls in 
this field. The Commission asked the panel to include in its 
the U.S. program for safeguarding special nuclear material distributd 
ab rod  under the “Atoms for Peace” progain. This material is safe- 
guarded by an AEC bilateral system of on-site inspections, mcorch 
and reports and, where appropriate, by the safeguards systems of 

Euratom or the International Atomic Energy -1gency. (See Cllaprpr 
12-International Cooperation Actii-it ies.) The panel is expected trt 
complete its report early in 1967. 

AVAILABILITY OF SPECIAL NUCLEAR MATERIAL 

The Atomic Energy Act of 1954, as amended (Section 41b) , proride 
for Presidential determination of the quantities of special ~iiiclesr 

materials available for distribution to C.S. licensed users and to na- 
tions having Agreements for Cooperation with the Cnited States. 
During 1966, the President determined the availability for distribtitim 
of an additional 100,000 kilograms of uranium 235 each for d o n m 5  
and foreign use. AEC coniinitments for uranium 235 increased dura 
ing the year by 7$:500 kilograms for domestic licensees, and E t 9  

“ T h e  panel members a r e :  Dr. Ralph F. Lumb, Director, Western h’ew Pork Swkr  
Research Center, Chairman; Francis P. Cotter, Vice President, District of Colmbfs @k 
Of Westinghouse Corp. ; Gerald Charnoff, Attorney, Shaw, P i t m a n ,  Potts, TrowbrfW ilp 
Madden, Washington, D.C. ; Paul Grady, ex-partner of Price Waterhouse C0-r 5- 
Pork City : Aston J. O’Donnell, Manager of Development. Bechtel Corp., Sari FmnM 
Louis Roddis, President, Pennsylvania Electric Co. ; and Fred H. Tingey, Htwl, Operarmw 
Analysis Branch, Idaho Suclear Corp. 
Director, Operational Safety Division, AEC, Albuquerque Operations ; * 
8ect.etarY i s  Ralph G. Pa@, Chief, Enforcement Branch, Division of State and 
Relations, AEC Headquarters. 

Ezectctiue Secretary to the panel is n n c e n t  
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3 ms for foreign nations. The status, in kilograms, of the s f f l o p .  d6t8wation as of December 32, 1966, was: 

Pu 

207.5 
115.4 
115.0 

543.0 
528.0 
438. 3 

- 
U= - 

53.6 
0. 6 
0. 6 

45. 0 
32.3 
1. 7 

iMPROVED MATERIALS MANAGEMENT 

power capacity is expanded and as special nuclear ma- 
rerial becomes privately owned, the need for accurate measurement 
{&&pes for uranium and plutonium in different forms become 
;ncmsingly significant. The AEC is currently engaged in intensive 
psearch activities to improve measurement, methods and to determine 

prdicted error of measurement associated with various methods. 

bndarc4 Reference Materials 

TO permit A exibility in chamical, isotopic, and impurity analysis, khe 
cognized the need for chemical compounds for use as 

ards of plutonium and uranium. An extensive search 
chemical compounds of plutonium or uranium which 

e requirements imposed on a primary standard. Dicesiurn 
ium hexachloride ( Cs,PuCl,) plutonium sulfate tetrahydrate 
,*4J&O) and uranium oxide (U308) will be used as working 

dards, t o  supplement the uranium and plutonium metal primary 
dards available from the National Bureau of Standards. 

The XEC along with the National Bureau of Standards is partici- 
aith the United Kingdom Atomic Energy Authority in a joint 
ation program for a natural uranium isotopic standard. A 

Ple of U3OS from England‘s Capenhurst plant has been received by 
*Xahnal Bureau of Standards and is being prepared for certifica- 
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Mixing Parameters Study 

- An Oak Ridge (IT-12 Plant,) study of mixing parametem in @Qr. 
sion-saf e cylindrical tanks ( 4"-6" diameter, 10'-60' lengt11) has 
completed. This work, utilizing a digital computer for mpl icaM 
mixing techniques, provides reliable methods for predicting SQlUtirJh 

homogeneity, i.e., guarantees a representative sample. 

b 

Calculations Verification 

Calculations are being performed by Combustion Engineering 1 
Windsor, Conn., to assist the AEC in verifying stahnents made 3 nc., h, 

P b  reactor opera.tors regarding nuclear fuel depletion and plutonium 
duction. antral rod settings and heat generation values from ,jailr 
operating logs are used to  determine the amount of special nucl& 
material in €he operating fuel elements. Studies have been mmpleM 
for 8 of the 17 power reactors being considered. 

Laboratories as Measurement Umpires 

The complexities of measuring Special nuclear materials are 
that qualified umpires are needed to settle differences when the AEC 
and another party cannot agree on the quantity of nuclear materid 
transferred. To 'answer this need, the AEC is evaluating various 
industrial and private commercial laboratories, both in the Unit4 
States and abroad, as potential uranium and plutonium measurement 
umpires. Eight AEC laboratories bare participating in preparation 
and analysis of reference samples. Nine domestic and five foreip 
laboratories are participating in the umpire laboratory qualification 
program. Samples of uranium hexafluoride and uranyl nitrate hare 
been sent to the domestic laboratories and results have been reviered. 
Preparation of plutonium qualification samples has been initiaied. 
The qualification program is 'being conducted for the AEC by the 
Idaho Nuclear Corp., Idaho Falls, Idaho. 
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THE NUCLEAR 
DEFENSE 
EFFORT 

me AEC, in coordination with the Department of Defense (DOD) , 
Gonducts the necessary research, development, testing, and production 
e t i a l  to the maintenance and improvement of the United States 
ouclmr defense capability. 

WEAPONS DEVELOPMENT, 
PRODUCTION, AND TESTS 

During 1966, the AEC (through its three weapons laboratories- 
~ 0 s  Marnos Scient& Laboratory, Lawrence Radiation Laboratmy, 
Livemore, and Sandia Laboratory-Albuquerque, N. Mex., and 
Limnnore, Calif.) continued the maintenance of the limited nuclear 
ttst ban treaty safeguards: continued the development of devices and 
improved techniques for underground testing, and continued the de- 
velopment of weapons and components designed to meet DOD 
requirements. 

WEAPONS DEVELOPMENT 

The continuing development objective of improving the penetration 
capability of strategic misssile warheads-by further decreasing war- 
head vulnerability to nuclear environments generated by antiballistic 
missile countermeasures-hrts resulted in modification program for 
80m0 warheads in the stockpile, Nuclear tests in 1966 verified labora- 
tory computations and designs for achieving improvements in 
hardnss. - 

'The four safeguards announced as U.S. national policy by the late President John F. 
Eaned~ and reafarmed in April 1964 br President Johnson, a= : ( 1 )  continuation of an 
-ive underground nuclear weapon8 test program, i s }  maintenance of a progressive 
~ r a t O r Y  program, ( 3 )  a readiness capability to resume atmospheric teste fic they shourtl 
kwenfkl to national aecurity or if the treaty should be abrogated, and (4) the improve- 
@eat Of our capability, wlthin feasible and practical h i t s ,  to monitor the terms of the 
bb' and to detect violations. 

119 
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Weapons Progress 

9, aod increased efficiency were coiiducted in 1966. 
prorecl devices for inmallation in nuclear weapons t o  preveDt 
unauthorized e~iiiplopeiit continued. 

The m-eapons deyelopiiient eff 01% includes overall weapon impphca 
ments as well as advancements in individual component design with 
the resulting t.ec~inoIog-y incorporated into specific weapon sv* 

W Q f i  

Weapons tests related to nuclear safet?, increased relia.bilit 

Of b. Demlopment 

Progressive Laboratory Programs 

The &4EC weapons laboraiories are conthuhg to function in a 
healthy and modern enviroimieiit. The upgrading of facilitie%p,n 
of one of the test, ban treat3 safeguards-is progressing as schddd 
Included in the upgrading program are scientific computer complexes 
at the laboratories which are vital to the development p r o w  
Most projects have been completed with only ft few of the hrw 
projects still in the construction phase. The -4EC budgets for fiscal 
years 1966 (ending June 30,1966) and 1967 (first half ending Decem- 
ber 31, 1966) provided for  progressive laboratory programs in basic 
weapons technology and applied nuclear research and development 
oriented to stated military requirements. 

A major facet of the laboratories research and development pre 
grams was the design *and fabrication of test dex<ces for use in th 
continuing underground test program at the Nevada Test Site. ne 
laboratories continued to maintain and test their readiness capabiG5 
to  resume atmospheric testing, if authorized, in a minimum reaction 
time. 

The facility improvement program, the continued maintenance of 
challenging research and development programs in all phases of nu- 
clear technology, and the continuing underground test program hare 
allowed the laboratories t o  continue to expand the "state-of-the-art" 
and also to retain and recruit the essential technical staff to conduct 
the assigned programs. 

Nuclear Explosives As a Research Tool 

Production of Heavy Elements 

On May 5,1966, a research team from Los Marnos ScimtSc Lab 
ra.toq, assisted by Lawrence Radiation Laboratory, Livermoret 
Argonne National Laboratory personnel, successfully conduded, 
an adjunct to  a weapons development event, the Cyclamen expedmL 

were used to 
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It was the most successful heary element * production experiment 

r% dab. Cyclamen produced the mast intense source of n e e  
(1.2 X IOz5  neutrons per square centimeter) yet, ObseriTed, to bombard 
a target of uraniuni 238 (element. 92) together with a small aniomlt 
americium 243 (element 95). This bombardment produced a b u t  
10 times more fermium 257 (element 100) than has been made preui, 

roa4 ously. 
captures followed by 8 beta decays to bring the atomic number up 
to  100. 

This isotope of fermium results from 19 successive neut 

New Neutron Cross Section Data 

A comprehensive set of unclassified fission cross section data de- 
duced from experiments conducted with a weapons test (petrel, 
June 11, 1965) were assembled and forwarded tQ the Sigma Center, 
Brookhaven National Laboratory during the year. Fission c w  
sections, measured with high energy resolution, for the following 
nuclides were listed: uranium 233 and 235, plutonium 239, 240, and 
241, and americium 241 and 242. 

WEAPONS PRODUCTION 

The AEC's production of nuclear weapons during the year, a3 
directed by the President, continued to fulfill the Department of 
Defense% stated mili taq requirements with no major production 
problems. The weapons production workload necessary to meet mili- 
tary requirements in 1966 was somewhat belox the 1965 level. 

Stockpile Improvement 

Weapons production activity incorporated several design and tech- 
nological improvements which contributed significantly to efficiency BS 

well as to simplified maintenance procedures. Modification of the 
stockpile to incorporate the latest methods for the prevention of unau- 
thorized use of weapons was continued. 

Production activities include the fabrication and assembly of new 
weapons, factory and field modifications of existing veapons, 
retirement and disposal of obsolete weapons. I n  the retirement af 
d d e t e  meapons, careful attention has been given to the recovery of 
re-usable components, both nuclear and nonnuclear, for use in ~urmnt 
AEC production of weapons, or for use in research and development 

' Uranium-element 92-is the heaviest naturally occurring element ; all h f g h e r - n n d  
elements are man-made except for the  minute amounts of plutonium which Occur natnrnUr 
when neutrons from cosmic radiation are  captured in natural uranium 238. Such amon'@ 
Of Plutonium are SO small  that for all practicaI purposes, plutonium is considered a - 
made element. 
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programs of the AXC and the DOD, and for DOD training pequir,, 
menix. The dollar value of re-usabk components recovered ,-j urinQ 
1966 is estimated to be about $4.6 million. 5 

Consolidation of Facilities 

The Medina Facility, San Antonio, Tex., was closed in earlv sprinw 

sampling, new material system testing, r e p a i ~ ,  and weapons retire- 
menGare now being carried out at tshe Pant<ex Plant, Amarillo, T ~ ~ . ,  
and the Burlington AEC Plant, Burlington, 1 0 ~ ~ .  The closing of 
the Medina and Clarksville facilities and the transfer of Operations 
will result in an estimated annual savings of about $3.1 millioll (the 
Clarlrmille, Tenn., center had been closed in September 1965). 

I n  early December, the AEC announced its decision to further con- 
solidah the production complex by reducing certain machining actilji- 
ties at the Kansas City Plant (operated for the AEC by the Ben&r 
Corp.) and, beginning in the spring of 196’7, gradually reducing and 
possibly eliminat.ing the production workload at the South 
querque Works (SAW-operated for the AEC by ACF Industri& 
Inc.). 

The decision follows a %Fear study of the wapons production corn. 
plex to determine the facilities needed to meet continuing Feapon3 
production requirements. Annual savings resulting are estimated to 
range from $6 to $8 million. It, is anticipated that these actions will 
be completed within two years with personnel reductions announcd Kq 
far  in advance as possible. 

The plan for reduction and possible phasing-out of the Albuquerque 
plmt includes a program to minimize the local impact. Considemtiar, 
will be given t o  such alternatires as transfer or sale of the plant ass 
going concern-with possibly an AEC base workload--or 0 t h  

arrangements to  sell or lease the plant on a special basis designed 
meet the local situation and closeout of the plant, if necessary. .A t& 
force has been established to coordinate the development and imple 
mentation of a plan for  disposal of the plant. 

and the functions of the center-principally modifications? Stockpil, ht 

Consolidation of Development Work 

It was announced in late 1965 that neutron generator developma; 
work, formerly carried out by General Electric Co. at Milwaul;ee,rg- 
would be consolidated .rrith closely relnted work at  the A E C - o d  
GE-operated Pinellas Plant at Clearwater, Fla. The in t epGon  
neutron generator development work with production a c t i ~ t i e  ss 
completed in early October. 

c 
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UNDERGROUND NUCLEAR TESTS 

The ,4EC continued conducting an underground nuclear test pro- 
as called for in the first sa fepa rd  associated with the limited rrO1 iUcl@r test ban treaty. A continuing, comprehensive test program 

been conducted Since the signing of the limited nuclear test ban 
t.y by the three principals (U.S., U.K., and U.S.S.R.) on August 5, bas 

As a result of the continuing tests, a unique capability to sup- t* 

8. diverse range of full-scale AEC and DOD underground nuclear 
1963. 
tejtS PO has been developed, maintained, and improved. 

The current test series called LBtchkey commenced on July 1, 1966, 
Bnd will continue through June 30, 1967. The test series ending on 
June 30, 1966,  as called Flintlock. The combined AEC-DOD test 
p& nram was developed to pursue those aspects of nuclear technology 
Nusidered most important to the maintenance of the national security. 

“Sky Kconner.” a n  instrun~ent called the “Sky Scanner” has been developed by 
LsPrrence Radiation Laboratory, Lirermore, to define and measure the radio- 
Ictirity in a cloud resulting from seepage or venting whith may w u r  from under- 
round nuclear tests a t  the h’evada Test Site. This instrument is a tightly 
3 b a t e d  scintillation detector mounted on n surplus missile tracking pedestal. 
amtion and azimuth control are actuated from the control point located 15 to 
3 miles away. Data received by the instrument consist of a TV picture of the 
-tor sight path, the radiation intensity, and elevation and azimi1.h angle 
m~oUt&. A11 data are transmitted between the instrument and the control point 

Since the radiation detector sees only that actitity of a r a w  
a‘Ti~e Cloud intercepted by the solid angle of the collimator, cloud d imas icm can 
’defined with a fair degree of accuracy. The total activity in  the cloud is mti- 
*kd by measuring the quantity which is carried by wind currents past a pre 
&Wted sight path. 

Mdio link. 
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The planned events of Latchkey, as approved in principle by the 
President are grouped in four broad categories : (0) AEC weapons 
and/or device development events: ( 6 )  DOD nuclear effects events. 
(c) joint AEC-DOD tests designed for research and development ’ 

capability (Vela program) ; and ( d )  AEC Plowshar+peaceful uses 
of nuclear explosives-experiments. Included in the first category are 

cob events to further weapons and device developments, investigab 
cepts and technologies, assure the reliability and safety of nuclear 

ents. weapons, and investigate nuclear effects on materials and compon 
Certain nuclear events, with increasing magnitudes of yields from lo& 
intermediate (ZCrZOO kt), to intermediate (200 kt-1 megaton), on 
step-by-step basis, were planned and conducted in the Pahute ~ 1 %  
area. The 1964 expansion of NTS operations into the more rernot% 
higher elevations of the Pahute Mesa has led to the drilling of deepeF 
holes to  accommodate higher-yield detonations. 

Each nuclear event is reviewed and approved in accordance with 
AEC procedures, and the tests are executed only with the expwtGon 
that they can be conducted within the constraints of the limit4 test 
ban treaty. 

improved detection methods and systems to enhance the U.S. detection oh 

Test Event Summary 

Twenty-nine events, including 5 DOD effects events, and 2 Plow. 
share events, were publicly announced in 1966 under Flintlock (end- 
ing June 30,1966), and 11 events (including 2 Plowshare events and 2 
Don events) have been announced under Latchkey. All but one of 
the Latchkey events were conducted at the NTS, fiTe of the Flintlo& 
and Latchkey events were conducted in the Pahute Mesa area. 

Supplemental Test Site 
-e* 

The AEC has initiated n program to investigate and develop possible 
locations for a supplemental site in the vicinity of the present Nevada 
Test Sita (XTS) so that the combined facilities available €or under- 
ground testing will be more flexible and suitable. Initial exploration 
to determine surface and underground characteristics has begun. 

The AEC, is also exploring remote areas in Alaska, especiallp 
Amchitka Island, to determine the suitability of those areas for pes- 
sible use in underground nuclear testing. Any use of these a m  
would not affect those programs now conducted at the AEC’s 
Test Site. 

a See p. 69, “Annual Report to Congress for 1964.’’ 
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TABLE 1.-ANNOUNCED UNDERGROUND TESTS-1966 - - Name 

Flintlock Series 

Date 

127 

Type of yield 1 

Low. 
Low Intermediate. 
Low. 
Low. 
LOW. 
LOW. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low. 
Low Intermediate. 
Low. 
Low. 
Low. 
Low Intermediate. 
Low. 
Low Intermediate. 
Low Intermediate. 
Low. 
Low Intermediate. 
Low Intermediate. 
Low. 
Low Intermediate. 
Low. 
Low. 
Intermediate. 

Low. 
Low. 

Derringer-- - _ - - - - _ - _ _ _ - - - - - September 12 - - - - - - - - - - - LOW. 
Daiquiri-- - - - - _ - - - _ - - - - - - - - September 23 - - - - - - - - _ - - Low Intermediate. 
Sewark _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  September 29 _ _ _ _ _ _ _ _ _ _ _  Low. 
S i m m s 4  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Xovember5 _ _ _ _ _ _ _ _ _ _ _ _  Low. 
Ajax _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  November 11 _ _ _ _ _ _ _ _ _ _ _  Low. 
Cerise _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  November 18 _ _ _ _ _ _ _ _ _ _ _  Low. 
Sterling3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  December 3- - - - _ - _ _ _ _ _ _  Low. 
Sew Point 3--  _ - _ _ _ _ _  - _ _ _ _ _  December 13 -_ -_  - _ _ _ - - -  Low. 
Creeley 2- - _ _ _  _ - _ _  _ _  - - - - - - _ December 20- - - _ - - - - - - - Intermediate. 

'Low yield, less thsn 20 kt;  low intermediate yield, 20 kt to 200 kt; intermediate yield, 200 kt to 1 mega- 

'Conducted in the Pabute Mesa area of NTS. 
'DOD event conducted with AEC laboratory assistance. 
'Phshare (Peaceful Uses of Nuclear Explosikes) event. 
'An mderground detection event conducted in Mississippi. 

- 

ton (BI t )  . 

240-67%-6i-10 
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The search in the Alaskan area involves finding sites of 
geology where certain tests can be conducted with a minimum 
disturbance. The Arctic Xational Wildlife Range is excluded 
this surrey. 

Surface survey teams working on Amchitka Island will soon ~~ 

followed by crews drilling exploratory holes if the surface geologv 
makes underground exploration appear desirable. 

Individuals employed by the AEC and its contractors, the D~ 

Of 1Ocal 

ment of Defense, and other Government agencies includillg tile Pan- r.s 
Geological Survey mill be involved in the effort. 

ATMOSPHERIC TEST READINESS CAPABILITY 

The AEC continued to maintain the capability to resume nuclear 
testing in the test ban treaty prohibited environments ( atmospilere 

event of an abrogation of the treaty by others or in the interest of na* 
tional security, within a minimum reaction period. This capabilib 
was first attained on January 1,1965. 

underwater, and in space) should the AEC be directed to test ill the > 

Summary of Readiness Capability 

The readiness capability includes the maintenance of facilities, air- 
craft, and personnel capabilities in the continental United S tah  and 
in the Pacific Ocean area (Hawaiian Islands and Johnston &oll) for 
launching and diagnosing an atmosphere test series on short notice, 
The airdrop, niissile launch, and diagnostic capabilities are maintained 
in a state of readiness by conducting full scale and abbreviated non- 
nuclear exercises in the Pacific area and in the continental United 
States.* Operat ion TYindlass, an overseas exercise during September 
1966, re-affirmed the G.S. readiness capability. 

Diagnostic Aircraft Uti I iza ti o n 

AEC policy permits use of the diagnostic aircraft for other appro- 
print,e scientific tasks on a non-interference basis x i th  the readiness 

- program and within current, financial limitations. Within thw 
-9 limitations, two scientific expeditions with the aircraft, were undertaken 
c3 in 1966. 

Cosmic r a y  study. A cosnric ray scientific study was conducted in 
early 1966 using the Sairdia and Los Alanios-assigned KC-135 diV- 
nostic aircraft. Flights rrere made from Roosevelt Roads, Pueno 
Eico, and Ezeiza Airport, Buenos Aires. Argentina during the perid 

.- 
_ I  

d 

c -- 

~~ 

See pp. 102-103, “Annual Report to Congress for  1965.” 
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February 10-23. The two aircraft. were used to measure simul- 
eonsly the distribution and intensities of cosmic rays over wide 

es of latitude, Kith special emphasis on deviations around the 

of 
P* 
r a g  
,,pator- 

R&minary analysis indicated that very good data were obtained on 
r 

rly 100 percent of flying time. This-~&s believed to be the first n@ 
,imultaneous airborne recording of cosmic ray act irity ever carried 

Kith the aircraft maintaining conjugate positions in the northern 
Out 
BOd southern hemispheres. 

Solar eclipse study. The three wwpons laboratories were authorized 
use all three diagnostic aircraft for airborne experiments during 
total solar eclipse on November 12 in the south Atlantic region. 

g1e 1966 eclipse expedition was similar in scope to that wliich was 
in 1965.5 The solar eclipse was observed by the diagnostic 

Dircraft east of Buenos ,4ires, Argentina, Kith measurements being 
@de of the sun‘s corona and other solar and astrophysical phenomena. 
fi addition, Sandia and LASL conducted three h’ike-Tomahawk 
rocket launches, abor-e the atmosphere (about 200 miles), from a site 
near Rio Grande, Brazil to record X-ray emissions from the sun shortly 
before and during the eclipse. The rocket accumulation of data will 
be of direct benefit to the Vela satellite program. 

PROJECT VELA), 
The joint AEC-DOD Project Vela research and development pro- 

c m m  is conducted to obtain data for developing a system, or systems, 
to increase the United States’ capability to detect, identify, and locate 
nuclear detonations conducted underground or in space by other 
nations. The DOD (Advanced Research Projects i4gency-ARPi4) 
has the overall programmatic responsibility. The objective is to 
develop a system or systems capable of adequately monitoring any 
comprehensive nuclear ban. The Vela program has three sub- 
programs : ( n )  detection of underground nuclear explosions ; (6) 
detection, by means of satellites, of nuclear explosions in space; and 
(c) detection of nuclear explosions in space by ground equipment. 

VELA UNIFORM PROGRAM 

The Vela T’niform Program uses both nuclear and chemical explo- 
sions to provide data needed to evaluate: (a,) t.he capability to detect 
mderground nuclear tests of various yields and in various media; and 
( b )  for studies of seismic wave generation by underground disturb- - 

Set? P. 104, “Annual Report to Congress for 1,965.’’ 
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anceS and how these waves are affected by different travel path 
geologic environments. and 

Ground Shock Measurements 

9 and the operation of both short and long-range seismic recording stations, 
continued in conjunction with underground test events at the N~~~~~ 
Test Site as a part of the Vela Uniform Promoram. The DOD has the 
administrative, funding, and technical responsibilit,y for the prorn 

erents, for : (a) conducting the experiment Tithin the provisions of the 
limited test ban treaty; ( b )  assuring the public safety; (c) construe 

Measurements of ground shock accelerations and other eff wh 

and the AEC is responsible, in connection with approved nuclear m, 

T'ela Satellite Hardicare. BEC Commissioner Gerald F. Tape (left) listens a 
description of some of the instruments used in the Vela Satellite Program 
Dr. James Coon, Los Alamos Scientific Labomtory group leader. Coon is bb3- 
illg an X-ray detector for a Vela satellite. At ccnter is Dr. Raemer SChreimv 
LASL technical asswiake dimtor.  

project Sterlir 
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and firing; (d)  determining the yield and conducting post-shot 

T~ date, four underground nuclear events have been conducted un- 
the t’ela Uniform Program. The first was Project Shoal, a nu- der r detonation of about 12 kt in granite, conducted on October 26, flea near Fallon, Nev., to record seismic signals from a nuclear deto- 1963, 

ion for comparison with signals generated by a naturally occurring jl$tl 
e3fihquake. The second was the October 22, 1964, Salmon event of 
project Dribble, a tamped evmt emplaced in salt at the Tatum Salt 

erne, near Hattiesburg, Miss., directed at exploring tamped and de- 
techniques. The third event was the Long Shot event con- 

I! 
duc& on October 29, 1965, on Amchitka Island in the Aleutian 
chain, as an experiment designed to obtain a new set of seismic travel 
we cum- from an underground disturbance in a high earthquake 
hcidmCe area. The fourth event was Sterling, conducted on Decem- 
ber 3,1966, in Mississippi. 

*”OD drilling ; and ( e )  instrumenting €or close-in measurements. 

,onplin,a 

project Sterling 

, ~ n  exploratory drill-back program through the emplacement casing 
the Salmon cavity to establish the feasibility of the re-use of the 

and emplacement hole was completed in late April and the hole 
and cavity were determined to be re-usable. 

A 350-ton yield nuclear device was detonated in the center of the 
1lo-foot diameter Salmon cavity as Project Sterling. The purpose of 

~ event was to investigate the air-filled cavity concept of seismic 
decoupling in a “sprung” (detonation produced) cavity. This experi- 
ment was completely contained. 

The theory of “decoupling” the explosive energy from a surround- 
bg salt mass, and thereby reducing the earth shock or seismic signal, 
has been demonstrated by experiments conducted with chemical high 
explosives. The decoupling was accomplished by placing the es- 
plosive charges in the center of mined spherical cavities before firing 
them. The energy transmitted to the walls of the spheres ranged from 
ZiOoth to 1/300th that transmitted when the same amount of explosive 
RBS tightly confined by the surrounding medium. However, less is 
h m n  about the decoupling effects of a nuclear explosion at the center 
of a large sphere created by a previous detonation, and the main pur- 
Po% of Project Sterling was to obtain information on such effects. - 

‘Tamped is the placing of an explosive device underground in dlrect contact with the 
cT Qedhm in which it wfll be Bred so that the shock and earth movement generated by the 

qloSlOn will be directly transferred by close phyaicai coupling to the medium. 
‘DeCouPZing is the use or an underground cavity as an explosion site to reduce the 

~ hSferenCe of the explosive energy and hence tbe mount  of shock and earth movement 
imparted to the surrounding medium, thus possibly concealhg the true magnitude of the 

~ s p i o f i h  or reducing the effects of the exploeion below the detection capabilities of a 
__ ‘twtion system. 
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The difference in effects would stem from the faet that the walls of 
mined cal+,im are strong and relatively undisttirbed, while e~plosion~ 
fornled cavities such as the Salmon cavity have walls that! are str 
deformed and minutely fractured. An understanding of dec,o,nplini, 
as a possible conceaqlment technique, wmld be bpodal l t t  in relation 
to a more restrictive test ban treaty. 

Preliminary analysis of data shows that dmoupling ratios were in 
the vicinity of 200 for frequencies of one cycle per second and lower, 

and and h the vicinity of 100 for  frequencies of 10 cycles per second 
higher. It is expected that all data. will have been analyzed br 
-4pril 1967. 

Unmanned Seismic Observatory (USO) 

A prototype USO, developed by Sandia Laboratory, was installed in 
a 90-foot borehole in late April near Fairbanks, ,Qlaska, to evaluate 
the effects of permafrost on the observatory. It is planned that the 
US0 will be evaluated for a 12-month period in the permafrost en- 
vironment. The unit was tested for  about 2 mont-hs a t  an Albuquer- 
que site before being shipped to Alaska for further evaluation in an 
arctic environment. A second US0 was emplaced during 
in a 200-foot deep hole at the Uinta Basin Observatory near renlai, 
Utah for evaluation over a similar period. A third unit was em: 
placed in a hole 169 feet deep a t  the south edge of Sandia Base, 81- 
buquerque, during September. This installation d l  be used as a test, 
facility for evaluating possible modification and improvements to the 
US0 systems. 

The prototype USO?s were built for DOD’s Advanced R e s a d  
Projects Agency by Sandia to increase the U.S. capability to detsct, 
identify, and locate underground nuclear explosions. They will opr- 
ate unattended for up to 120 days with a 98 percent reliability and 
consist of three packages: ( c t )  a down-hole unit consisting of three 
short-period seismometers and three long-period seismometers ; (6) an 
electronic package including logics, tape recorder, timing system, etc. : 
and ( e )  a thermoelectric potrer supply. 

VELA SATELLITE PROGRAM 

The AEC continued to participate in the joint DOD-AEC Yela 
satellite Propa.m. As a part of the program, a research and d d -  
opment effort is being conducted by Sandia and Los Alamos Scientific 
Labratory to develop the means for detection of nuclear explosion 
phenomena in space through satellite-based instruments and detectors. 

Gnntanned 8( 
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Siaius of Orbiting Satellites 

The six AEC-instrumented Vela nuclear test detection satellib con- 
tinue to perform their tet ban monitoring functions. I n  
they have relayed back to earth new scientific information on the solar 

ng wind and its interaction with the earth's magnetosphe, inclua 
the earth's magnetospheric tail which is dragged out to distan- of 
many earth radii on the dark side of the earth by the action of the 
solar mind. The six satellites were placed in orbit, two a t  a t h e  us* Qng Atlas-Agena booster systems. The launches took place in 0cbbr 
1963, July 1964, and July 1965. They are in ~ d e l y  spaced positio~ 
on a near circular orbit of about 60,000 nautical miles. 

Additional launch Plans 

A fourth launch is scheduled for early 1967, and a fifth for 1968, 
The future launches will make use of a Titan I11 C booster system, 
and will carry a new generation of twin sp.cecraft with considerably 
increased nuclear test detection capabilities. The new satellitq to 
be placed at about the same orbital distance as the previous six, prili 
have one axis oriented toward earth at all times, and will include instm- 
mentation for observing the optical and electromagnetic radiations 
from nuclear weapons testRd in the atmosphere in addition to b- 
proved versions of neutron, gamma-ray, and X-ray detection systxm 
for space surveillance. 

VELA SURFACE DETECTION PROGRAM 

The AEC, with Los M a m a  Scientific Laboratory conducting the 
research and development, has continued to participa;te with the DOD 
in the joint program of ground-based detection of nuclear explosions 
in space. The program is directed primarily on the air fluorescence 
detection method which is based an the measurement of the fluorescent 
light produced in nitrogen when air at high altitude is bombarded 
by X-rays from a nuclear explosion. 

Data analysis on the 1965 lightning summer study is proceding 
well. This study m-as an experimental program at LASL to investi- 
gate background interference produced by lightning, particularly as 
it affects air fluorescence and electromagnetic pulse ( E m )  detection 
systems. Joint -clEC-DOD analysis of data b date has shorn 
there as0 certain relationships between the features of 1iglitnkP 
produced EN€' and fluorescence signals which will be helpM in 
associating the fluorescence signals r i t h  lightning. Studies of the 
correlation between air fluorescence and EMP signals will conthna 
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F e w  Vela  Batellite. A new version of the Vela Nuclear Detection Satellite 
N)S),  designed and built by TRW Systems at Redondo Beach, Calif., is one of 
two scheduled to be launched in tandem early in 1967. Unlike the six predeces- 
6ors from three prerious launches which are now orbiting the earth and returning 
valuable data on natural nuclear activity in space, the new NDS’s will be larger 
and hearier. It will weigh 730 pounds zs. 420 for the previous satellites : the pay- 
load (produced by Los Alamos Scientific Laboratory and Sandia Corp.) will weigh 
14: Pounds 8s. 90; it will have 26 sides rather than 20 and will be only a few 
fnches larger in diameter (57 2;s. 54 inches). Shown above is one of the hTDS’s 
adergoing preparations for a vibration test that simulates the effects of a Titan 
@missile launch. 
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MUTUAL DEFENSE AGREEMENTS 
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Chapter 6 

' 
NAVAL 
PROPULSION 
REACTORS 

The joint U.S. Navy-AEC naval reactors program has as its objec- 
~ v O  the design and development of improved naval nuclear propulsion 
)ants having high reliability, maximum simplicity, and maximum P fief life for installation in ships ranging in size &om small submarines 

to large combatant surf ace ships. 

NUCLEAR FLEET 
To date, Congress has authorized 104 nuclear-powered submarines, 

including 41 of the Polaris missile-launching type, and one deep 
abmergence research vehicle. Six nuclear-powered surf ace warships 
have been authorized including two aimraft carriers, one cruiser, and 
three frigates. In  addition, Congress has authorized procurement of 

Of the ships authorized, 66 submarines, including 40 Polaris missile- 
hunching type, and 3 surface ships were operational as of December 

The advantages of nuclear power in a, combat environment wem 
atically demonstrated when the aircraft carrier Enterp-I.ise and 

guided-missile frigate Bainbdge  joined the Seventh Fleet off 
tnam and entered combat for the first time on December 2, 1965. 
the secund day of operations the Enterprise demonstrated her high 

f readiness following her long transit from the East Coast by 
g a new daily record for combak sorties by an aircraft carrier. 
nuclear-powered guided-missile cruiser Lvng Beach completed 

2rfirst refueling early in 1966, as scheduled, and was assigned to join 

i long-lead-time items for a fourth nuclear frigate. 

~ &Enterprise and Bainbridge in the Pacific Fleet. 
137 
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NUCLEAR PROPULSION 
PLANT DEVELOPMENT 

Congress, during 1966, authorized a woad 
the construction of 

nuclear-powered aircraft carrier. The new aircraft carrier will be 
powered by two reactors as compared to the eight reactors in 
EnterpGe. These new reactors are the highest-powered, 1 

NucEeur N a v y ,  The W4Z Rogers (‘SSBN 659), ahom, the last of the Preentfp 
planned fleet of 41 Polaris missilelaunching type nuclear Submarines, rras 
launched on July a, 1966 at the Electric Boat Division, General Dynamics %. 
Groton, Conn., under the sponsorship of Mrs. Hubert H. Humphrey. The 1111- 
clear-powered attack aircraft carrier i!hterprise ( bebm)  continued to 
,strate the significant advantages of nuclear power for naval surface ships 88 she 
operated in the waters off Vietnam with the Seventh Fleet. 
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-life reactors under development in the naval reactors program; 
h will produce about as much power as four of the Enterprise 
firs. Since the reactor cores will last for approximately 13 years 

ship operation, the new carrier is expected to require re- 

C O P  
e@ 
re& 
d f181hg only once in a normal ship lifetime. 

New 
n e  initial operation of three improved longer-lived prototype cores 

for submarines and surface ships has been completed, and the appli- 
&tion of these cores to  the fleet has been initiated. The operation of 
be fourth prototype core is scheduled for early 1967. The develop- 

of these longer-life cores has a significant impact on the cost 
r mile steamed. The first core in the N a u t k  cost over $4 million P steamed 62,000 miles. The next core cost $3 million and steamed 

omr 91,000 miles. The new longer-life cores which will be installed 
in nuclear submarines cost about $3 million each and will propel the 

Development work is con- 

Long-Life Cores 

g &ip for approximately 400,000 miles. 
tinuing on the technology required in physics, fuel elements, materials, 
a d  heat transfer to permit design of still longer lived cores. De- 
relopment work is also underway on an improved core concept which 
&oms promise of providing significantly mor0 reliable plants. To 
date, no nuclear-powered ship has had to abort a mission due to fail- 
ure of its nuclear propulsion plant. 

Deep Submergence Research Vehicle 

Development is underway on a nuclear-powered deep submergence 
research and ocean engineering vehicle, designated the NR-1. The 
1x1 vehicle will be able to move submerged for periods of time 
limited only by its store of provisions. It will carry a crew of five 
plus two scientists and will provide the capability of exploring an 
area of the Ocean bottom several times as great as that of the United 
States. The vehicle will be used to perform detailed studies and 
mapping of the ocean bottom, temperature, currents, and other oceano- 
graphic parameters for military, commercial, and scientific us=. 



Chupter 7 

The objectives of the AEC’s reactor development and technology 
rogmms are : (a) to develop a self-sufficient and competitive nuclear P 

&d&ry, and ( 6 )  to exploit nuclear fuel resources by the practical 
development of nuclear powerplants for use in central power stations, 
Rmob installations or under emergency conditions, and in merchant 
hips; process heat applications such as desalting and dual-purpose 
pver-desalting ; and a wide variety of special applications on the 
earth’s surface and on, or under, the sea. As part of the overall pro- 
c mam, the ,4EC conducts, on a continuing basis, a general nuclear 
afety research and development program to generate and apply infor- 
mation which will contribute to the safe development, design, construc- 
tion, and operation of nuclear reactors and nuclear systems in all 
environments : and a reactor technology research and development. pro- 
!ram to provide information basic to the development and improve- 
ment of reactor systems of all types. 

REACTOR 
DEVELOPMENT 
AND TECHNOLOGY 

CIVILIAN NUCLEAR POWER 
During the year, utility organizations announced plans to install 26 

nuclear power reactors on their systems. These reactors, which have a 
combined generating capacity of 21@4 megawatts of electricity 
(Ifwe), will bring to 56 the total number of central station-type 
nuclear reactors in operation, under construction, or planned in the 
rnited States as of December 31, 1966, and d l  increase the grand 
total of present and future installed U.S. nuclear plant capacity to 
about 31,500 Mwe. Pertinent information about these plants is shorn 
111 Sppendix 4. 

s g o q s t ;  i 14 1 
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REACTOR DEVELOPMENT AND TECHNOLOGE’ 

CENTRAL STATION POWERPLANTS 

1ITit.h the ac.ceptance--ns is e,vident from the unprecedented nun. ber of new plant announcements 1966-by utilities of press 
and boiling water reactor concepk (called ‘‘figllt water reacbrsyy t~ 
differentiate them from reactors wl-Lich use other materials 

the 
or moderator), the AEC is nom- mainly concentrating it5 effort on 
development and demonstrat ion of power rehctor systems more ad- 
j-anced tliail the light \;r,zter reactors that citn use the nuclear fuel 
resources more efficiently and produce energy more economicall . 

U & q  

central station pon-erplants. Y 111 

FUTURE PROGRAMING 
In authorizing a.ppropriations for the AEC for fiscal year 19&;, 

tlie Joint C:omrnit,tee on Atomic Energy requested that the AEC under: 
take a general updating of the p r o p a m  presented in the 1962 Report 

c _  ‘ 

-. 

,-, _ -  
A _  - +  

-_ 
-‘ h’ew ControE Rods. A completed control rod assembly for the AEC-Rural CMP 

erative Power Association Elk River (Minn. ) reactor is shown being i n s w t d  
Prior to shipment from Atomics International a t  Canoga Park, Calif., There 14 
Elk River control rod assemblies a re  being fabricated under an AEC Contnf‘f- 
The control assembly consists of neutron absorbing boron carbide pellets e n a d  
in nickel-chromium (Inconel 600) alloy tubes. The tubes are spot welded 
between tSPe 304 stainless ‘steel sheaths to form a cruciform shaped asPernblF* 

t i  
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on Civilian Nuclear P0wer.l The report had been 

AEC in response to President Kennedy’s q u e s t  for 
h4ard look at the role of nuclear power in our econ- ’’ Since its issuance in November 1962, the report has served 

the guideline for planning the AEC‘s program to develop civilian 

-. * 
OInF 

wer reactom. 8s 
,ucl@r Po 

A comprehensive review of the total civilian power reactor program, 
the updating of the 1962 report, is being done in two phases : 

first, a supplement to the 1962 report is being prepared which will 
@Tiew the developments in the civilian nuclear power program since 
sovember 1962. The information in the 1962 report will be updated, 
but the scope of the report will not be extended. This phase of the 

dating is scheduled for completion early in 1967. The second phase 
UP include comprehensive technical and economic analyses of reactor 
mnmpts and reactor systems. These analyses are scheduled for com- 
l&on in late 1967. AEC national laboratories, utility organizations, P AEC contractors are participating in making the various studies 
ad investigations. The direction and coordination to assure the 
b d y  completion of the studies, and the assessments essential to 
Pmgram planning, are being performed by the AEC. 

Nwr-Term and longer-Term Goals 

The AEC’s current near-term civilian nuclear power program is 
rimed at the development and demonstration of advanced converter- 
near breeder reactors.2 Reactors of these types are considered to have 
a potential for: (a) achieving power costs below t h e  of the light 
water reactor plants j ( b )  making major contributions to the conserva- 
tion of fissile materials ; (e) making fuller use of the energy potentially 
snilable in the reserves of nuclear materials ; or ( d )  offering economic 
potential for applications additional to the generation of electricity 
(such as for the desalting of sea or brackish water). 
For the longer-term, low- and high-grain breeder reactors are being 

developed which will produce or “breed” more fissionable material 
than they consume. These include the thermal- and the fast-breeder - 

“‘Cfvflian Nuclear Power . . . (a Report to the President-1962,’’ available from the 
m’s I)ivtslon of Technical Information Extension, P.O. Box 62, Oak RidFe, Tenn. 
8831, without charge. 

converter” reactor produces less fuel material than I t  consume6 in Its operation : ‘A I‘ 

la ‘ ‘ ~ V ~ m ? d  converter-near breeder” produces almost as much ; a “low-gain breeder” 
PodQce8 slightly more : st “high-gain breeder” produces considerably more. i 

-?- 
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reactor concepts.s Success of the AEC’s breeder reactor program 
‘establish the capability to better exploit the energy Contained * 

.fuel resources, and thus will guarantee the availability ,of a lop, 
kill 

cw 
nw@, 

source of energy into the indefinite future. 

NEAR-TERM PROGRAM 

bmm to The *4EC is taking a three-pronged approach in its pro 
develop advanced converter-near breeder reactor concepts : 
continuing the development’ and adnncement of the heaq7 lTater 

organic-cooled reactor (HWOCR ) technologY ; (6) it is coI;tinuinn 

reactor (HTGE) technology ; and (c) i t  is COntiIluing the derelopnl,,t 
of tecl~nolcgy to explore the feasibility of a subsequent, demonstrat job 
of the. breeding potent>ial of the light water seed-blanket brwder 
concept in an operating reactor. 

ir 

the development and adrancenient of hig!i-temperature gas-ccNlwl 5 

Heavy Water Organic-Cooled Reactor 

One of the attractive features of the heavy water organic-mold 
reactor (HTVOCR) concept is its high efficiency in the use of neuh,-,% 
This characteristic enables the HWOCR to generate more power from 
each tpn of ore mined, thus conserving the fissionable fuel resoure-  
An Atomics International-Combustion Engineering ( AI-CE) joint 
venture organization HTJTOCR Program Office a t  Canoga Park, Calif, 
serves as the AEC’s prime contractor for the planning and execution of 
the ITVVOCR research and development program. hfany AEC I& 
oratories, contractor organizations, and facilities are also contributing 
to the HT;VOCR program in direct support of the AI-CE work. 

1,000 Mwe-Plant Goal 

The near-term W O C R  program objective is t o  develop the tech- 
nology which would permit the eventual construction, preferablr 
on a cooperative basis with industry, of a demonstration plant ha- 

b7 engineering features which can later be applied to central statim 

c’ powerplants in sizes up to one million electrical kilowatts (1,N 
.a Mwe). - 

To date. the HWOCR program resources have been concentrated 
~ = r  on : (a )  the development of a successful fuel, including the testing of 

r 3  

c;; 
v 

‘ In  a “thermal” reactor, most of the fission neutrons are slowed down (moderatdl 
before interacting d t h  the nuclear materials ; this is accomplished through many C 0 ~ O n s  
with light nuclei such as hydrogen (in water or organic compounds), carbon (in Saphftr)‘ 
Or beryllium. In a “fnst” reactor, little or no moderation is used, so that most of tH 
neutrons retain the high energles and velocities with which they were emitted * 
fission process. 

3 W O C R  Test Xucce: 
water organic-cooled 
operated successfull, 
reactor, Chalk River, 
watt days per metric 
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Atom9 In tern a tiona 
ah. The origina 
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mmblies.  
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fuel at design conditions; (6) the development and testing-?€ 
sp rbe ctmal components, including a mechanism-an on-line refueling 
B $TU - F-&ich will permit the  reactor to be refueled without being 

~ @ down ; and ( e )  the evaluation and performance testkg of organie 
E ,]]Ut 
,CD 

= - &  'y$mts* 

of Canadian Facilities 
fl5e 

Eider the terms of a,n agreement with Atomic Energg of Canada 
,jbd (AECL), the AEC has access to one-half of the irradiation 

@ the TVhiteshell Reactor-1 (WR-I) in Nanitoba, and to the ,paces c2 ,rganic-cooled loop in the Kational Reactor Universal (KRU) 
reactor a t  Chalk 331-er, Ontario, for development of the HnTOCR tat Sintered aluminum powder-clad uranium carbide (SAP- 

uel assemblies, fabricated by AI-CE, are being irradiated in 
rbese Canadian facilities. 
TU f 

RFOCR Test Success. As a part of the U.S.-Canadian joint effort on the heavy 
rater organie-cooled reactor concept, a U.S. fuel experiment, designated U-305, 
Prated successfully for 10 months until April 1966 at Canada's XRU test 
mctor, Chalk River, Ontario. It had achieved its design burnup of 10,OOO mega- 
W t  days per metric ton of uranium, and was removed to a Chalk River hot cell 

Some of the assemblies were subsequently taken to the 
itomiqs International hot cell facilities at  Canoga Park, Calif., for detailed exami- 
Qhn.  The original experiment. shown as it was being inserted into the KRU 
%mor during July 1965, consisted of three uranium carbide SAP (sintered 
limnum powder) clad assemblies and two uranium oxide zirconium clad 
bmblim. 

initial examination. 

P 
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1966 Progress 

SAP 

in G3Q. 

vY water 

oce 

During the year, one of the key componants of the HWOCR,- 
p-me tubes 4 inches in diameter-were extruded in h g t h s  up ta 39 
feet. These tubes are now being tested with organic coolat 
bustion Engineering's full-size pressure tube loop in 
A loop in the Massachusetts Institute of Technology hm 
research reactor is being used to obtain experience of radiation and 
temperature effects on the organic coolant of interest in the 
program. The on-line refueling machine work is also in Progress 
at Windsor, Conn. Developmental work on, and fabrication of, cart 
bide fuel is being conducted by Atomics International at C a q a  parli 
A fuel fabrication pilot line has been assembled and is being used or the development of fuel fabrication processes. It will be used faL 
ricate a second core for the Piqua Nuclear Power Facility at p- 
Ohio. 

'9% 

HWOCR Organia T a t  Loops Facility. Cutaway view shows the &re mf& 
organic test loops of ;the heavy water, organiccooled reactor (HTVWR) ttS 
facility at Combustion Engineering, Inc. Sn Windsor, Cum. Two of the lm 
TF-10 and TF-20, are used to test HWOCR pressure tube assemblies ; and 
is used to test smialler components under thermal cycle conditions. "F-% 
Will Start up eazly in 1967, will be able to test simultaneously five p m e  * 
a d l i e a  fizt long-life tests. 
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potential of a HWOCR thorium-fueled system is being studied 

Babmk & Wilcox (Lynchburg, Va.} , and E. I. du Pont de Nemours 
a HWoCR experimental physics effort a t  the 

4 .Tb 

3 BFc 

4 
bf is heady  engaged 

pS Savannah River Laboratpry. 
3 
J 

Experience Useful 
$Wa 

The design, operation, and maintenance experience derived from 
C-owned organic cooled and moderated reactor, the Piqua Nu- 

ment of the HWOCR concept. The Piqua reactor was shut 
mid-January 1966 because of control rod and fuel element 

binding problems. A heavy buildup of carbonaceous material in the 
DoderatOr region of the PNPF core resulted in deformation of the fuel 
dements which, in turn, caused the control rods to bind when attempts 

made to move them up and down. As a consequence of this 
serious problem, all of the fuel elements were unloaded from the core, 
be carbonaceous deposits were removed, and the reactor vessel and 
a tems  vere thorou&ly cleaned. Corrective modifications are being 
rn& to  the core hydraulics, and extensive analysis, testinq and mpn- 
iforkg will be carried out during the next operating perid. These 
gG.rities should minimize the formation of carbonaceous material as 
reu as provide technology applicable to the HTVOCR program. In  
ddition, the replacement fuel assemblies for the P N P F  are to  be made 
ofSAP-clad uranium carbide. Since this is the fuel which at  the 
present time is the prime candidate for use in the NTI’OCR system, its 
fabrication and operation in the Piqua facility will provide direct 
Wbnical information in support of the mITOCR program. 

the @ paver Facility (PNPF) , will also contribute materially to the 
el@ 
deTe1OP 
doffs in 

f - 

Hig h-Temperature Gas-Cooled Reactors 

The AEC’s high-temperature gas-cooled reactor (HTGR) program 
kdirected toward advancing the technology of gas-cooled reactors to 
p ~ d e  high thermal efficiency, conserve fissile fuel resources, and to 
permit the development of commercially competitive HTGRs with 
mtputs up to  1,000 Mme. 

General Atomic Principal HTGR Contractor 

The General Atomic Division ( GA4) of the General Dynamics Corp. 
the principal commercial contractor in the HTGR program. 

GAis the nuclear contractor for the 40 Mwe HTGR at Peach 
B o f b r n ,  Pa., which was built under the AEC’s Power Reactor Demon- 
mtion Program with Philadelphia Electric Co. Operation of the 
~ I s p r ; :  - I  1 
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Bpttom plant is expected 4x1 demmstrate the technical 
fomance, reliability, and economics of several features of Rr- 
including helium containment in large dJqamic systems, gas cipc; 
lators and steam generators, and fuel composed of uranium 
thorium carbide particles coated with pyrolitic carbon. GA is a l ~  "d 
the contractor k r  lthe Public Service Go. of Colorado (psq . 

(the Fort St. Vrain Xuclear Generating Station) for the psc 
near Platteville. 

design, construction, and operation of a 330 Mwe HTGR probtkh In the 

SBsteQ 

Peach Bottom Achieves Criticality 

The protype HTGR at Peach Bottom, Pa., acliieved initial criti- 
cality4 on March 3. Following the completion of a series of loa- 
power tests, the reactor was shut down in mid-Bgay to analyze su 
operations data,, apply for a full-power license, repair the steam gene,- 
atom, and modify the fuel transfer machine. (Cracks, due to chemi, 
tal corrosion, had been found in the steam generator's Superheater 
tutses in December 1965 ; the superheaters were not necessary for 
in low-power test operations but have been repaired so the reachr 
be operated at full po~i-er.~) The Peach Bottom reactor k expected to 

begin power operations early in 1967. The early operational espfi- 
ence of this reactor will provide information applicable to the F o ~  
St. Vrain project. 

Fort St. Vrain Nuclear Generating Station 

Work was completed on the preliminary design of the Fort St. Jvmh 
reactor, and detailed design was initiated during the year. C e ~ b  
features of the Fort St. Vrain plant will differ from those of P e d  
Bottom. For example, Peach Bottom uses a steel reactor p m n  
vessel, whereas the Colorado station plans call for a vessel of p 
stressed concrete ; Peach Bottom uses electrically -driven circulam 
and PSC is to use steam-driven; Peach Bottom uses multi-pass steam 
generators and PSC will use once-thru-type. 

Associated work. The AEC is sponsoring, and GA, along d h  
Ridge National Laboratory (ORNL) , is carrying out, a base d e d v  
ment program on these as well as ather aspects of gascooled M* 
The results will be applicable not only to  the PSC-HTGR project 
also to the furtherance of the AEC's gas-cooled mactur pro,$zmS 

Criticality-The state of a reactor when it can sustain ZI chain fissioning readfob 
6 See p. all, "Annual Report io  Congress for 1965." 
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PE4Ch Bottom Puei! Elements. Photo above shows some of the S25 graphiteclad 
element$ fabricated by General Atomic Dirision of General Dynamics in San 

Diego, Calif., for the Peach Bottom High Temperature Gas-cooled Reactor nuclear 
prer station in Pennsylvania. The AEC has contributed to the research and 
derelopment costs for the Peach Bottom plant. The 40 Mwe gas-cooled reactor 
achieved criticality (ability to sustain a chain reaction) on Blarch 3 when 682 
@ftbe fuel elements had been inserted in  the core. Photo belozo shows a swtion 
ofthe reactor core as Seen through a core-viewing device during the fuel loading. 
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"he basic development program e n m m P m  the areas of fuel, phys 
im, md component development. Fuel development work is cmntlp 
being concentrated on fission product chemistry and graph& 
on recycle fuel elements; and on the Sesting sf advanced fuel ~- 
tides, primarily in khe Oak Ridge Research Reactor and .the E~~ 
neering Test Reactor at the National Reactor Testing Station (NRT~)'  
at temperatures up to 3,000' F. to determine their operatkg 
the effects of high burnup, their fission product retent' 1% ~lvenes~, and 
fue1-mlan.t interactions. Current emphsis 111 the physics deyelop 
ment area is on analyses and experiments pedhent  to -a 1,000 atRe 
HTGR. I n  the component development area, emphasis is 021 
lishing the characteristics of prestressed concrete reactor vessels 
(PCRV) under simulated operating and accident conditions, A 
PCRV model similar to the vessel to be used in the Fort St. P~~~ 
plant has been built by GA and is currently undergoing mechanical 
testing. Another important component under development is tb 
main helium circulator which will be driven by stea.m. The test+ 
of a full-scale prototype circulator will begin early in 1967. 

u&; 

Fort St. Vrain. An artist's concept shows the 330 Nwe Fort St. Vrain nuclear 
generating station to be built by Public Service Co. of Colorado as part of the 
AEC's power reactor demonstration program. The high temperature ,oas-~OOl~ 
reactor (HTGR) powerplant, 60 be constructed by General Atomic Division of 
General Dynamics, will operate at modern, high-efficiency steam conditio- Of 
about 2,400 psi pressure and temperature of 1,OOO" F. 

Concrete Pressur, T 

reaaor vessel (Pa. 1 i 
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Ultra-High Temperature Reactor Experiment (UHTREX) 

e The UHTREX, which is scheduled to achieve criticality in tfi 
spring of 1967 at Los Alamos, N. Mex., is unique in khat it is 
to operate at a temperature of 2,400’ F. Since p-nt gas-cooled 
reactors are designed t o  operate at a b u t  l,400° F., the UHTRQ 
is expected to contribute significant technical information about re- 
actor operations a t  high temperature which may be needed in the 
future. 

Experimental Beryllium Oxide ;Reactor (EBOR) 

The AEC’s gas-cooled Experimental Beryllium Oxide Reactor 
(EBOR) at the National Reactor Testing Station is being terminated. 
The major factor supporting the decision to termhats the EBOR was 
the diminishing contribution of the project t.0 the AEC’s current high. 
temperature gas-mled reactor prugram, particularly that portion 
pertaining to beryllium oxide technologs. The action is consistent 
with continuing efforts of the AEC to assign available rwources, in- 
cluding funds and personnel, an a priority basis to those reactor mn- 
cepts with the best promise of economic power production and more 
efficient use of nuclear materials. 

Light Water Breeder Reactor 

The light water breeder (LWEi) reactor concept is based on an 
advancement of the seed-blanket ltechnology of the Shippinegpd 
Atomic Power Station in Pennsylvania which was built, and is opr- 
ated, under the direction of the AEC’s naval reactors program. &- 
velopmental work on the LWB is being carried out a t  the AEG’s Bettis 
Atomic Power Laboratory in Pittsburgh, Pa. The LWB concept is 
based upon, and will substantially extend the technobgy developed 
in the Shippingport program. 

Based on the work done to date, there is continued indication that 
a successful light water breeder core design can be developed. The 
successful development of this reactor concept could ultimately m&e 
available for power production about 50 percent of the energy potan- 
tially available in this country’s thorium fuel resources-a SOW of 
energy many times greater than the known coal, oil, and natural ps 
reserves of the United States. The seed-blanket concept is the only 
known #approach which uses the already developed light water reactor 
technology and can make available significantly more than the 1-2 
percent of the energy potentially obtainable from uranium or thorim 
ore resources using present types of light water reactors. 
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LONGER-TERM PROGRAM 
raphrase a statement which AEC Chairman Seaborg included 

letter to President Kennedy which transmitted “Civilian Nu- 
power-a Report t.,~ the President-1962”: Only by the use of 

reactors, which can make use of nearly all of OUT resew= of 
nuclear fuels uranium and thorium, will we really solve the prob- 
of adequate energy supply for future generations. la a]ithough the 1962 Report to the President is being revised to be 

accord with developments of recent years, the statement made by in Chairman Seaborg is as true ;today as it was when written : ;the capa- 
b$@ to more fully exploit the energy contained in our nuclear fuel 
esurm-and thus guarantee the availability of a low-cost source of 
B n a Y  into the future-will require the development of breeder p8- 
mrs and their successfu1 introduction into commercial use. Breeder 
p,scbrs have the advantage not only of making possible t b  use of 
be fill potential energy available in nuclear fuels-perhaps 50 times 

energy being available per pound of uranium than in the light 
reactors of the type being sold commercially-but breeders also 

hnTe $he advantage of making higher-cost fuel economically feasibla 
Mause of the efficient way in which a high proportion of the fuel is 
ud. The net result is that with breeders the use of nuclear fuel will 
be effectively multiplied by a substantial factor. 

To Pa ’ 
el@ 

Breeders Given Priority 

me AEC’s program to develop breeder reactors is giving the ‘highest 
priority to development of the high-gain liquid metal (sodium) -cooled 
fast breeder reactor concept. Investigations are a b  being made to 
determine the advantages and disadvantages of: (a) other reactor 
concepts which appear to have potential for breeding-the low-gain 
light mater breeder (LTVB), previously discussed, and the molten 
salt low-gain thermal breeder reachr concept which would be based 
on an advancement of the technology developed by the Molten Salt 
Reactor Experiment-and ; (6) on a limited basis, other ooolants, such 
w gas and steam, for use in high-gain fast breeder reactor concepts. 
To dab, research and development work on the Iow-ein thermal 
breeder reador concepts is in its early stages and is concentrating on 
the fuel element, large plant core physics, safety, and components. 

Molten Salt Reactor Experiment 

In May, the Molten Sdt Reactor Experiment (MSRE) at Oak 
Edge National Laboratory reached ih maximum power CapaWity d 
1.5 megawtm (thermal) (Mwb) at the normal reador outlet tempem- 
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ture of 1,210’ E’. The design &&power of 10 Mmt was not ac.,ieveri 
because of limitations in the heat rejection q ~ p m e n t .  

Liquid Fuel Shows Stability 

This reactor is unique in that it uses a molten salt solution of tl,e 
fluofides of uranium, lithium, beryllium, and Zirconium as a liquid 
circulating fuel. The reactor runs at low pressure and a% high te, 
perature. Samples of fuels were taken meekly from the reachr 
it operated at maximum power, and samples of the reactor mahrialL 
Hasklloy N and grqAiite-xere removed from the core &fier FKK, 
hours of 7.5 Mwt operation. Examinations of the samples gave’,,- 
couraging evidence that, the fuel salt has been mmpletelp stable a d  
that there has been no appreciable corrosion of the structural metal Ot 
graphite. The reactor has run well except for problems with ausil- 
iary equipment, and operation is continuing into 1967. The is to 
provide some of the experience and data necessary to design and era]- 
uate the ptent ia l  of larger molten-salt power reactors. 

Low-Gain Breeding Promise 

A study was made of a molten-salt thermal breeder reactor V K e r -  

plant of 1,000 hlwe capacity. The results indicated that such a plant 
offers promise for low-gain brseding on the thorium-uranium 233 fuel 
cycle while producing power at  low cost. The low inventory of fission- 
able material in the plant compensates for  the low-gain bree&p. 
The studv also served to  point out many engineering and matter& 
prob1ems‘;that must be solved before .a large plant can be built. Thm 
problems are being studied further along with gaining more experi- 
ence with the MSRE. 

Liquid Metal-Cooled Fast Breeder Reactors 

The planning and execution of the research and development pm 
gram required for mastering the technically difficult and cornple~ 
liquid metal-cooled fast breeder reactor (LMFBR) concept in a theb 
manner is proceeding on a high priority basis. The Nakion‘s exten&= 
industrial capabilities and resources are beinc ~d brought to bear h m ~ b  
on the L31FBR development program. On January 24, the AEc 
established an LMFBR Program Office at. the Argonne h’ational L b  
ora.tory. This program office, vhich is functionally and ah i -R-R) ’  

tively separate from the research and derelopment adi~tie Of 

Argonne, is assisting the AEC Headquarters staff in the detailed PIm* 
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Technical Study Areas 

Bsd on the results of an overall assessment of the status of &he 
~ B R  progrMn, f Orma1 reviews a m  Wntinuously being made in each 

=ea of &he UlFBR program to determine its major needs, 
efi&mciM9 and the program required to eliminate rthese deficien- 

cjes. The eight LMFBR technical areas haye been defined as: (a) 
fiek d materials, (6) reprocessing and recycling, ( e )  physics, ( d )  

lar  safety, ( e )  ~0diu.m technology, (f) component development, 
h&rumentation and control, and (h)  plant design-and, in mch 

i d  
id 

associated facilities. (PI 
e@% 

bjtial Planning Completed 

ne detailed program plans for each of these technical elements will 
bo coordinated into an overan master LME"BR program plan which is 
&dded for completion during the first h l f  of 1967. The detailed 
lans will establish objeotives, criteria, and standards for lthe LMFBR P rogram elements; i7hey will include consideration of lthe available P 

national resources in terms of manpower and failikies; and they will 
abl ish priorities and schedules for the achievement of program ob- 
ject;vs, making the best possible use of the national resources. 
TO date, ithe initial phase of *his extensive plaaning effort has been 

ampleted on each of the program elements and is now undergoing 
refinement. Conclusions of bhe first phase reviews are that ea& of the 
program elements requires significmt strengthening and augmenta- 
tion. When +he ddtailed program plans have 'been oompletsd, they 
dl be circulated to industry for comments. When these comm& 
hat-e been evaluated and the plans have been approved, they will be 
implemented. 

Status of Current Wark 

The current sta%us of a.nd plans for implementing each of the 
W B R  program elements are summarized below. 

heir and1 Materials 

The LMFBR fuels and materials program review has bean cam- 
Pked and indicates the need for extensive mseamh and developmem$ 

develop satisfactov fuels and cladding materials for &he fast re- 

- 
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ATR Nearing Completion. The Advanced Test Reactor Critical (ATRC) at the 
Advanced Test Reactor (ATR) facility is shown under 24 feet of shielding 'praw 
at the National Reactor Testing Station in Idaho. The ATRC is used to the& 
the nuclear characteristics of the unique 4-lobed core designed for the parem 
=megawatt ATR which is expected t o  achieve initial low power operation fn 
1967. The ATR, which is adjacent to the Materials Testing Reactor (M!L'R) 
and the Engineering Test Reactor (ETR), will be used for irradiation testing 
of materials for advanced military and civilian reactors. E t  will provide nine 
&inch diameter regions four feet long. Unperturbed thermal fluxes in the range 
of up to 2.5 X 1WK neutrons per square centimeter per second will be achieved. 
The ATR, which will be operated for the BEC by the Idaho Nuclear COW, is 
,being equipped with a high temperature helium-cooled loop for irradiation-dfa 
tests on materials. 

Reproces! 

Reproc 
which is - 
ties and c 

The fai 
sing of ir; 
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See p. 12 
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f m~rment.  The current program is aimed at developing -a 

lifetime in the core. Plans were put into effect during the 
devote primary attention to the two fuels which have the best 

y@&tial to reach these objectives-the plutonium-uranium oxides 
PO ,&ides. For the next few years these fuel types will be devel- and d and irradiation-tested to determine which should be emphasized 
ope 

the reliable containment of fuels in an adequate cladding 
m&al in the W B R  envirOnment is a major requirement, several 
mM&ls are being investigated as potential cladding candidaks. 
nm include Ijtainless steels, nickel-base alloys, and refractory alloys. 
B v e t i o n s  are in progress to determine the compatibility of these 
,,idding materials with LMFBR fuel materials and Wiitrh sodium, and 

F F ~ F  studies. To a significant degree, the program on fuels and 
materials will be paced by the availability of fast fuel test 

f a t i e s .  The United States presently has no test facility which 
psssllels th0 fast reactor environment. Although the existing EBR- 

f& reactor will be used to the maximum extent possible for irradia- 
tion experiments on the priority fast reactor fuels, much of %he 
LXFBR fuel and cladding materials testing wiU have b await the 
gvailability of khe Fast Flux Test Facility (FFTF) which is being 
designed at the Pacific Northwest La.;bora,toy especially to meet 
LMFBR w i n g  needs. I h k g  1966, a review of the FFTF interim 
concslptual designs was complebd by Atomics Intternatioml, Idaho 
Nuclear, General Electric, and Westinghouse. The results of hhis re- 
view are being incorporated in modifications Ibo 8he inbrim conceplt 
and alternake concept studies by Pacific Nodhwest Ldhrabv, Gen- 
eral Eleot~c, Idgho Nuclear, and Westinghouse. These studies am 
directed toward defining the facilities which M meeit (the capa- 
bilities ns economically as possible. At year’s end, a site for the FFTF 
had not been selected. 

didle, s@ safe, low mt, high-burnup fuel which will have a 3-y-r 

in fie following Yearn. 

long-term mechanial properties. 

Reprocessing and Recycling 

Reprocessing and recycling is one of the LMFBR technical areas 
vhich is undergoing an intensive review to determine program pr;or;- 
ties and define rthw areas which require strengthening. 

The fast reactor fuel cycle includes not only bhe chemical reproces- 
&g of irradiated fuel, but also the conversion and refabrication of the 
movered fuel for further irradiation. although reprocessing tech- 
niques developed for thermal reactor fuels may find sume application - 
’ See p. 129, “Annual Report to  Congress for 1965.” 
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.ti0 fa& b d e r  reactor fuels, &he following areas will introd 
*:problems which require resolution: (a )  *he high fuel burnup in the 
&st reactor system; ( 6 )  bhe high fuel enrichmenh of fast reactors, ~~d 
( 0 )  .the geometry of the fast reactor fuel rod. The research and de 
velopment pro,oTm d l  include the development of econolnic ad' 
vanced reprocessing techniques and semi-remote and f-ullp remote 

~ fabrication teclmology. 

neb physics Arec 
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 physic^ Area -. 

The review in the physics area of khe LIIFBR probgmm has been 
completed and codkm.~ Ithe fact that, significan$ gaps exist in &he 
DOwledgO and understanding of blie physics of fast breeder re&rs. 
SoDe of these gaps will 'be partially filled in as information is der imd 

*he research and development pro-mrns presently in progress in 
such facilities as *he Zero Power Reactor (ZPR)-I11 in Idaho and 
zp~-TiJ: and ZPR-IX at Argonne. All of these zero-power crikical 
f,cilities are being used by the Argonne Kational Laboratory to in- 
fe&ate tlie physics of large fast reactor cores. Additional physics 
dat& will r e d t  from q e r a h n  of the Zero Power P~uhnium Reactor 
ppPR) _in Idaho and the Southwest Experimental Fast Oxide Re- 
gcbr  (SEFOZL) in Arkansas, h t l i  of which are under construction 

SEFOR Progressing. Construction of the Southwest Experimental Fast Oxide 
k c t o r  (SEFOR) near E'ayetteville, Ark., is scheduled to be completed in 1968. 
Fhen the General Electric-built facility becomes operational, it will be used to 
xuds the nuclear characteristics of a fast breeder reactor ,system which uses 
JJbd  plutonium oxide-uranium oxide as fuel and sodium as coolant. The SEFOR 
project, on which construction was started in 1965, is being jointly supported by 

Southwest Atomic Energy Associates, a West German Corporation, the 
EQropean Atomic Energy 69mmunity (Euratom), and the AEC. 

240-678-67-12 
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and am scheduled to be operthonal in 1968. These facilities 
vide data on critical  pass, sodium void effects, Doppler 
other information 
em. They will also contribute data un the econ(Hnics a d  
pects of large, fast, plutonium-uranium fueled breeder r a B .  

for the detailed design of large -fast < @d 
%d. 
as. 

Nuclear Sufefy 

The AEC has always placed primary emphasis on nuclear safet, 
with regard to the different reactor concepts. Further r&ews are 

O b  
being made to identify and resolve +he safety questions and m b  
associated with fast breeder reactors. The short neutron lifethe 
for fast reactors, the use of plutonium with its resultant small d 
neutron fraction, the hypothetically possible critical rea&mblg of 
a large core after meltdown, and the use of sodium-which htrducps 
the possibility of severe chemical reactions with air and Water-11 
require a broad program in fast reactor safety. The solution ;to the 
and other uncertainties is being, and will continue to be, pursued, 

Among other investigations : ( a )  Argonne National Laborat,,, 
using the Transient Reactor Test (TREAT) facility at NRTS to 
determine the nature and magnitude of safety problems that might 
arise should abnormally hot fuel and cladding materials come in con. 
tact with the sodium coolant of an LMFBR ; ( b )  Brookhaven Kational 
Laboratory is investigating the behavior and release of fission product, 
and plutonium from fast reactor fuels into sodium under accident 
conditions ; and ( c )  Atomics International is investigating the exta t  
and rate of the reaction between air and pools of sodium. 

elaged 

Sodium Technology 

The sodium technology program is necessary to assure, among other 
things, that : (a)  the fuel, components, instrumentation, and coolant 
systems of an LMFBR are not adversely affected by high temperature 
sodium and its impurities; (6) the heat transfer and nuclear prop- 
erties of the coolant remain within prescribed limits; and ( c )  an? 
abnormal effects such as sodium-water and sodium-air reactions can 
be contained. 

During the year, General Electric (San Jose, Calif.), Atomics Inter- 
national (Canoga Park, Calif.), the Mine Safety Appliances Research 
Corp. (Pittsburgh, Pa.), Babcock & Wilcox (Alliance, Ohio), and the 
Argonne and Brookhaven h’ational Laboratories have all been con- 
ducting engineering-type studies to determine the corrosion resist- 
ance and the effects of sodium on the mechanical properties of variom 
containment materials. The results of these corrosion and rnecha~d 
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rty studies will provide LMFBR designers with the data neces- 
pwpfor preparing sound engineering designs of primary and sec- 
@Y ondary sodium systems. Brookhaven and Atomics International are 

studying the basic solubilities of pure metals in sodium as a func- 
Jjo 
tion of impurity content. Further effort will be given to the develop- 

t of this and other supporting sodium technology studies when the 
ement of the sodium technology program plan, which is now Joa 

fiB 
,*deway, is completed. 

Component Development 

n e  immediate objective of the sodium components development 
is to obtain from industry the fast breeder reactor compo- 

nenwteam generators, large pumps and valves, heat exchangers- 
&& will perform in a consistently safe and reliable manner a t  a 

that will not jeopardize the overall economic attractiveness of the 
fast breeder plant for utility use. 

Sodium components of relatively small size have been developed 
bp the laboratories and industrial organizations involved in the de- 
s&, fabrication, construction, or operation of sodium-cooled reactor 
plants-EBRII, SRE (Sodium Reactor Experiment a* Santa 
Susana, Calif.), Hallam, and Fermi. However, the extremely large 
components which will be required in the LMFBR program differ con- 
siderably from these small components and w i l l  impose dif6cult tasks 
on the industrial designers and fabricators who will play key roles in 
the LMFBR component development program. The fabrication of 
these large sodium components must be to an exceptionally high stand- 
ard, and their design must be positively verified through realistic 
proof -tests before they are installed in a costly plant. (The AEC m- 
nounced early in December that the SRE was being deac\timt.ed. Fol- 
lowing the 1965 termination of the sodium-graphite reactor program, 
the SRE was evaluated for possible use as a radiation test facility for 
the high-priority LMFBR program. The evaluation indicabd that 
to perform satisfactorily as such a facility, the SRE would require ex- 
tensive modikaton. A determination was made that the diversion 
of resources necessary to modify the facility could not be justified at 
this time.) 
Lata in October, the AEC awarded contracts to Byron Jackson 

pump, Inc. (Los Angeles, Calif.) and Westinghouse Electric Cop. 
(Chmwick, Pa.) to develop pump designs to meet the requirements of 
future LRfFBR systems. 

To provide a focal point for much of this proof and model testing, 
the AEC has established a Liquid Metal Engineering Center at Santa 
Susanna, Calif ., with Atomics International as the contractor-operator. 

pmg- 



Liquid Metals Information cmtmm 
Research and development in sodim 
and sodium-Wssium technology FTu 
be under continuing evaluation, anal. 
ysis, and indexing a t  the Liqad 
Metals Information Center (LUIC, 
established during the year at  C ~ B W  
Park, Calif., by the AEC, with Atomics 
International as the.contractor-opem- 
tor. LMICs major functions will be to 
maintain an up-to-date compilation of 
liquid metals data that can be made 
available to the AEC and private 
industry. I n  photo ahoue a liquid 
metal technologist reviews a micro- 
film copy of a technical report to select 
retrieval terms and prepare an 
abstract for the LMIC file. I n  photo 
at left a computer is used during PIP- 

liminary stage of transfer of bibliographic data, retrieval terms, and abstracb 
of current accessions of the LiLIIC, from punched cards to the magnetic tape file* 
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ng the principal facilities in the center are the Sodium Camp- wo ' Test Installation, the Control Rod Test Tower, Large Conlpo- Bents 
t Test Loop, the -recently authorized Sodium Pump Test Facility Pa (SmF), and a Liquid Metals Information Center. Use of these 

gci l i t l~  by component vendors will be an important factor in develop- 
f c  

in, strong commercial base for fast breeder reactors. 

and Control 

From the liquid metal instrumentation and control program will 
the technical base-including standards, fabrication and per- 

formance specifications, and demonstration by adequate proof -test- 
a--upon which industry can supply adequate instruments and con- k 

trol equipment for the safe and economical operation of a LRmBR 
pverplant. 

Analyses and studies performed in 1966 resulted in identifying t.he 
for: ( a )  in-core measuring instruments capable of operation in 

the severe liquid metal high-temperature and fast  neutron flus en- 
dronrnent; (6) under-sodium scanning systems that can be used in- 
,-ore for  routine inspection, repair, and refueling; and ( e )  accurate, 
@sg-to-use instruments to detect impurities of nitrogen, hydrogen, 
Oggen, and carbon in sodium a t  levels of a few parts per million. 

Specific instruments and systems to meet these requirements are 
under development. These development programs n-ill continue, and 
experience derived f rom existing instrumentation and control equip- 
ment in operating LRSFBR program facilities will also be analyzed 
and used to formulate the overall LIIFBR instrumentation and 'con- 
trol program. 

Plant Design 

The purpose of the plant design program is to integrate the entire 
LjfFBR poirerplant system, from heat source (the reactor)  to electric 
pover generation. The interrelationships of all elements of the reac- 
tor plant are being examined, tradeoffs (comparison of the advantages 
and disadvantages of various plank concepts) are being studied, and 
individual design details are being adjusted to develop the best overall 
plant design which will achieve the fast breeder reactor program 
object ires. 

To identify some of the problems in fast breeder reactor plant 
(?esi.pn, f i n  conceptual design studies for a 1,000 JI\\-e LNFBR Tere 
Prformed by the industrial h i s  of dllis-Chalmers (hlilm-aukee, 
wis.) with Babcock & TVilcox (Lim&burg, Va.) Conibustion Engi- 
n@ring (Tindsor, Conn.) , Generai Electric (San Jose, Calif.), West- 



c 

164 REACTOR DEVELOPMENT AND TECHNOLOGY 

inghouse (Pittsburgh, Pa.), and Atomics International (Can 
Oga Park 

safety) Calif .) . These studies examined problems associated with 
fuel performance, fuel cycles, and breeding. All the fim Y 

e results in 1966, are continuing these studies in greater depth. 
of the studies will provide an engineering base for one or more con 
ceptual designs of a 1,000 Mwe plant, which in turn will be useful - i4 

Allis-Chalmers, xhich withdrew from the nuclear energy field ~ r l s ,  Pt 
Th 

planning future LMFBR demonstration plants. 

DESALTING AND - DUAL-PURPOSE PLANTS 
The AEC’s nuclear desalting program, conducted in mor&at,ion 

with the Office of Saline Water of the U.S. Department of Inbrior 
is directed toward analyzing, developing, and demonstrating nucl& 
reactor systems for desalting applications. 

PROGRESS IN 1966 

Sribstantial progress was made in 1966 : ( a )  agreement in principle 
to proceed with a large nuclear desalting project was reached with the 
Metropolitan Water District of southern California ( ~ ~ ) ,  and the 
AEC obtained authorization to participate in this cool>erative project; 
(6) the program of studies and evaluations initiated in 1965 at the 
Oak Ridge National Laboratory are continuing; (e) several coopera- 
tive studies for specific applications were completed; and ( d )  teams 
made inspection tours of foreign countries which have expressed 
interest in nuclear power-desalting technology. 

Southern California Project 

Agreement on a memorandum of understanding was reached betmen 
the R C W D ,  the AEC, and Interior’s Office of Saline Water on the 
general basis of arrangements for a cooperative project for the con- 
struction of a two-unit nuclear power-desalting plant. Current plam 
are for the plant to be located on a 40-acre man-made island about 3,000 
feet off shore of Bolsa Chica State Beach between Huntington and Sed 
Beaches, Calif. On August 9, the MKD Board of Directors decided 
to proceed with the project on the basis of these arrangements vith the 
Federal Government agencies and the continued willingness of the 
electric utzties in the area to participate in the project. Negotiatiom 
loolring toward definitive agreements are presently underway. 

Fa&e Motion 
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PEC ass;sfance. Subsequent to hearings before the Joint clomzllittee 
4tDmic Energy on September 14, Congress authorized the AEC to 

on -ieiyate in the cooperative project and to provide $15 million of 
Pg’ to the MmTD pertaining to the dual-puvse aspects of the 

*ed ; the siting and related design of the complex; the coupling 
desalting plant with the back-pressure turbine and the nu- 

Of ewer plants; and to other aspects of the project pertaining t~ <le>ir P htsrmlationship of nuclear power and desalting. The President 
€he 

,,dab/e desalfing capucity. The project contemplates two light 31, 

%tors with a combined net electrical generating cZ1.pacit;v of EXPO 

gstkf re 
&Ut 1, 600 Mwe and, initially, a desalting unit capable of produo- 

50 d i m  gallons per day fmgd) of fresh water from the sea. If k ,pmtion of the first desalting unit is satisfactory, M\TD would 
the11 apeC t to add additional desalting capacity of 100 mgd. TWO 

utilities (the Southern California Edison &. m d  the Sari 

the authorizing legislation on October 13. 

Pace diotion Studies. Preliminary work for the island siting in connection 
Kith world’s first large-scale nuclear power and desalting plant has included 
mdies of how PaciEc Ocean waves will affect the proposed man-made island 
h t i o n  off the Orange County, Calif‘., coast. An 8 by 10 foot model of the 
dand was placed in a shallow 90 by 130 foot tank in the California Institute 
:f Technology hydraulics and coastal engineering laboratory at Azu,sa. The 

bottom, a Smile section of the coast line, and the @acre island were 
=deled at u150 of actual size. The mater would actually be only 38 feet 
k~ at high tide in front of the proposed island. The 4month study provided 
lbasis for the design of a safe and economical wave defense for the project 

fiat the island will be able to withstand southern California’s strongest wave 
Worn. 

! 
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Diego Gas & Electric Go.) and one public utility (the I,OS A ' w e $  
ProjeT Department of Water and Power) will partkipate in the 

They will furnish, own, and operate two complete nuclear power: 
plants-the two utilities will jointly own one plant; the other Riu 

c: the belong to the City of LOS Angeles-which, in addition to supplyin 
power needs of the utilities, would have sufficient capacity t o  meet 
energy demands of the desalting plant. 

cts ba. 
and tween 3 m  and the Federsl Government, and betveen j l ~ q ~  

the electric utilities, are underway. ,4 project mnwgernent board con. 
sisting of a representative of each of the participating Organizations 
has been established to provide policy guidance and overall manae 
ment of the technical aspects of the project. Additional br*estina. 
tions of the site and the plant design are proceeding. 

Joint board established. Negotiations of the definitive mntra 

Oak Ridge National Laboratory Analyses 

The general technical analyses and evaluations of the application of 
nuclear energy to desalting and other process operations am 
tinuing at Oak Ridge National Laboratory. Promising techniques fur 
coupling nuclear powerplant systems vi th  desalting plant sptems 
being investigated, and detailed design and economic data are hinz 
developed. 

During 1966, computer codes fur the design and optimization of 
large nuc1ea.r desalting plants were developed, several methods for pm 
viding flexibility in water and power production by dual-pur- 
plants vere analyzed, studies of the practicability of reactor extrapoh- 
tions to 10,000 thermal megawatt single-unit sizes were completed, ail 
the siting problems of large reactor systems were investieted. 

L 

Specific Application Studies 

New York-New Jersey. An interdepartmental Federal task fom? 
appointed by the President to assess the potential use of large nudm 
desalting facilities to help "drought proof '' the northeast metropoli- 
tan area in the el-ent of prolonged periods of below-average r a h f d  
issued a final r e p n t  in June 1966. The report concltrded that d d c  
large-scale nuclear desalting plants appeared to  be technically feasible 
and hare reasonable econoinics, use of Hudson River water, 
proper treatment, appeared to be a more attractire immediate. sob- 
tion to au,menting the area's vater supply. However. the rerOfi 
further concluded that in consideration of the potential a&an@men" 
both in desalting and nuclear technology, large nuclear desalting Plsn'' 
might well be attractive alternatives during the nest 10-20 .?'e*2E 
this applic a t- ion. 
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Israel. A dekailed enginwring study, undertaken by Raiser EM- 

in association with Catalytic Gonstruction Co. under the auspices D@ 
of the Governments of the United States and Israel, to investigate a 
dual-purp plank to serve the water and power needs of Israel was 
,ompleted and a final report issued in January 1966. The plant rec- 

ended by this study would use a light water reactor to p m  Om 
dw 200,000 kilowatts of saleable electric power and 100 mgd of de- 
salt& water from hhe Mediterranean Sea. The total a i m &  capitaJ 
COS t of the dual-purpose plant would be about $200 million, and the 
cost of water at the plant boundary is 29,43, and 6’7 cents per thousand 

Uons for fixed charge raites of 5,  ’7, and 10 percent, respectively, P costs are based on a fixed value of 5.3 mills per kilowatt-hour 
for the saleable electric power. (see Chrtpter 12-International Co- 
ope ra,tion Activities for other details.) 

hture Freshwater Xource. Photo shows a scale model of a 250-million-gallon- 
per-day multi-stage flash distillation plant for converting seawater to freshwater 
@Part of a nuclear-powered dual purpose plant which could also generate 675 
Wmatts of electricity. This conceptual design was prepared at the Oak Ridge 
CWOus Diffusion Plant and Oak Ridge National Laboratory for the Department 
Ofhterior’s Office of Saline Water (OSW). The AEC and OSW me conduct- 
t CWperative studies toward substantially reducing the cost of purifying water 

the use of large-scale nuclear desalting plants. 

5 0 0 0 8 8 7  
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and 
Of the Mexico are presently studying the water Bnd paver needs 

Bfexican states of Sonora and Bsja California and the of b- 
zona and California in the United States, and Jare assessing the fQi, 
hi& of using large dual-purpose power-mhr plants to meet tii% 
needs. (See also Chapter 12-International Cooperation.) 

Other foreign studies. During the year, the AEC : ( a )  held discus- 
sions with represenkatives of TUnisia, Italy, Lebanon, and other 
nations interested in nuclear desalting : ( b )  participated with repre. 
sentatives of ;the Government of Greece in making a. preliminary audJ 
of the feasibility of desalting in combination with an electric poNer- 
plmlt as a means of pruviding needed additional supplies of fre&waier 
for the Athens area; ( e )  demonstrated a continued willingness lo 
share its technology for desalting application with its friends abroad, 
and (6) continued implement its exchange apeenlent with 
Soviet Union regarding the exchange of nuclear desalting teclmolw, 

New York SURFSIDE project. After reviewing the New To& st;lt, 
Atomic and Space Development Authority proposal for the 
purpose project SURFSIDE (Small Unified Reactor Facility svs 
tems for Isotopes, Desalting, and Electricity), the AEC in Janu&. 
ndified the Authority that, because the project would not contrib& 
significantly to the desalting program, it had decided not to provide 
-financial support for the project. The Authority is proceeding ~ t h  
State funds, and hopes to have the plant completed by mid-1969. 

Mexico. Technid representatives from the L-nited S t a h  

MILITARY POWERPLANTS 
Four military land-based nuclear powerplants continued in opera- 

tion throughout the year : ( a )  the Portable Medium Power Plant KO. 1 
at Sundance, Wyo., which on August 8, 1966, recorded 3,355.5 hours 
(amost 140 days) of continuous power operation-a new high for land- 
based nuclear powerplants operated by military personnel; ( 6 )  the 
Portable Medium Power Plant No. 3 8  at &!k&%urdo Spund, Antarctica, 
which surpassed the above record with a continuous power run of 3,390 
hours and 24 minutes ending on October 8 ; ( e )  the Stationary Medium 
Power Plant No. 1 at Fort Belvoir, Va., which continued to  be operat& 
primwily for the training of military personnel who are to operat@ 
nuclear reactors, but, as an adjunct to  its training mission, also supplied 
the For t  Belvoir military installation with electricity for use in norm21 
post operations ; and ( d )  the Stationary ‘Medium Power Plant SO- 
lA-patterned after the prototype plant at Fort Belvoir-rhicb 
supplied electrical power as well cas steam for space heat to the ,%rmfi 
Arotic Test Center a$ Fort Greely, Alaska. 

r ,  

See pp. 132-133, “Annual Report t o  Congress for 1965.” 
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NWucti l i ty (embrittlement) tests. The Idaho Kuclear Gorp., which 
took over certain NRTS operations, continued the series of tests (begun 
by Phillips Petroleum Co., in 1965) on the irradiated Portable Medium 
power Plant No. 2A (PM-2A) reactor pressure vessel to determine the 
egbnt of radiation-induced embrittlement Khich an actual reactor 
F e l  has undergone. (The PM-2A supplied power to  the Camp 
Gntuq ,  Greenland, research center for almost three years before being 
dismantled in 1963 when the center was closed.) I n  the tests, a defect 
of varying depth and length is intentionally machined into a section of 
the pressure vessel. The vessel is then subjected to  a variety of pro- 
messively more severe internal pressure and temperature conditions to 
obserre the exact temperature-pressure combination at which, and the 
exact inanner in which, the vessel will fail. Data obtained from these 
t e d  will be useful in establishing operating limits to prevent brittle 
fractures of pressure vessels. During the year, a defect 1% inch= 
deep and 11 inches long was tested at 5,250 pounds per square inch and 
-20" F. without vessel failure. Eventually, however, the vessel failed 
on November 18 at 4,475 pounds per square inch and -20" F. The 
failure came after an acid bath formed very sharp cracks at the base 
of the lx- inch deep notch. 

n 

Plant Improvement Program 

The testing and operating experience of the portable medium (PM) 
powerplants hare indicated that certain of the systeiiis and components 
of these plants need to be improved to increase their reliability, main- 
tainability, and lifetime. Consequently, the AEC is designing, pro- 
curing, and testing new and improved components for these plants. 
The status of the various areas looked at to date is as follows : 

Actuator improvement program. upon completion of an investiga- 
tion conducted by Westinghouse (Pittsburgh, Pa.), the Navy and Air 
Force determined that a new actuator design at  that time was unwar- 
ranted since modifications made by the Department of Defense (DOD) 
t o  its respective plants were resulting in improved operation. The 
area of primary concern to the Navy and Air Force was that of the 
actuator power supplies and control equipment. A request for  pro- 
posals involving the design, fabrication, installation at the PM-1, and 
test of an actuator control console was sent to 19 industrial firms on 
October 14. Bids submitted are currently being reviewed. 

Improvement of reactor instrumentation. Based upon the results of 
its studies in the area of reactor instrumentation-especially on those 

concerned with safety-the Bailey Meter Gorp., Wickliff e, Ohio, 



170 REACTOR DEVELOPMENT AND TECHNOLOGY 

recommended improvements which should be accomplished in tb 
PM-1 and the PM-3. To implement these recommendations, the A E ~  
has made funds available to the Navy, to which the Navy plans to add 
funds of its o m ,  to procure a completely new ia4mmentation vsten, 
for khe PM-3A. The AEC funds will be used for design, develop 
ment, and testing of this system. It is also anticipated that the ARC 

Embrittbenient Tests. Photo shows the Portable illedium Power Plant PM-% 
Presmre ressel, instruruented f o r  embritklemenbt itesting, at the Xationa't Reactor 
Teding Station. The Idaho Suclear Cow. conducted a series of tests for the 
AEC to determine the extent of radiation-induced embrittlement 
actual reactor vessel has undergone. The PA$-28 served as the power suPPlF for 
almost three Years at camp Century, Greenland, M o r e  being dismantled in 1963- 
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wiu mntract for an updating of the PM-I system in those areas affect- 

Hydrogen generation reduction. As a consequence of studies carried 
out bv Nuclear Utility Services, Washington, D.C., modifications were 

to the PM-3A which were effective in eliminating the problem 
of hydrogen generation in the plant. These modifications can be in- 
corporated into any military plants procured in the future. 

Radioactive wuste disposal system. The Atomics Division of Amer- 
ican Machine and Foundry (York, Pa.) has fabricated and installed 
a new radioactive waste disposal system at the PM-1. Acceptance 
testing of the unit, delayed by the need to replace an annunciator panel 
which failed, is now in progress. 

Tritium evuluution. A report prepared by Rattelle Memorial Insti- 
tute, Columbus, Ohio, recommending means of processing the tritiated 
rater experienced at the Phl-1 and the PM-SA Fas finalized late in 
the year. The report concluded that the tritium is produced by 
ternary fssion with subsequent diffusion through the fuel element 
cladding. Recommended methods of handling the tritium, which are 
be& evaluated, include : (a )  dilution of primary waste with on-site 
disposal; (6) collection of primary leakage with off-site disposal; ( e )  
return of primary leakage to system with annual coolant drain and 
disposal off -site ; and ( d )  isotopic concentration of primary leakage 
aith off -site disposal of concentrate and return to system of effluent. 

Design of low-enriched replacement core. Procurement specifica- 
tions and final design reports for EL low-enriched P h l  replacement core 
have been submitted to the Government by Hittman Associates of 
Baltimore, Md. Proposals were requested in November from industry 
to fabricate this core. The award of a contract for the fabrication of 
the core will be contingent upon the review and acceptance of the 
design by the Government. The AEC is attempting to meet a Decem- 
ber 1967 delivery of the first core to the PM3A at McMurdo Sound. 

Advanced technology studies. The Army has undertaken a series 
of studies of advanced technology and advanced plant concepts lead- 
ing to nuclear power units inexpensive to build and requiring few or 
no operators. If the concepts appear to be worth developing, the DOD 
Todd be expected to recommend that the AEC undertake their devel- 
opment. Contracts have been awarded to Battelle Memorial Institute 
for studying the performance of thermoelectric elements of very high 
power densities; Hittman Associates for the design of an irradiation 
test of a heat pipe-thermionic converter combination ; Martin Co. 
(Baltimore, Md.) for  a rodless uranium zirconium hydride core and 
a thermoelectric power conversion system ; Nuclear Utility Services 
for a rodless load-following boiling water reactor ; and General Elec- 
tric (Schenectady, N.Y.) for a study of thermionic reactor concepts. 
Contracts for other studies are being negotiated. 

ing safety and reliability. 1 



Testing of Mobileltigh-Pawer Plant . 

Early in April, a ffoahg nuclear bazge, the Lt. Geneva2 
xbrg.is, which mill contain a 10 Mwe (net) nuclear powerplant, 

Alabama Shipbuilding and Drydock Company’s ahbile? Ala., shipyad 
to a testing sits in the Potomac River at Fort Belvoir, Vas ~h~ 

munity of from IO,OOO to 20,000 persons with electrical power should a 
disaster knock out ground stations. Agter a period of oprational a- 
ing and inspection at Fort  Belvoir, the Stuygis d l  be turned lovep b 
the Army, ready to (be towed on short notice tro ‘any offshore anchorage 
where emergency power is needed. ‘Ik.ilnsfer of the m - 1 A  to .the 
Army is scheduled for the early part of 1967. 

=-1A (Mobile High Powerplant No. 1A)-was towed from the the 

barge, which has no propulsion system, is capable of Supplying a cor& 

SPECIALIZED APPLICATIONS- 
The operation of the N.S. Xuwartruzh has demonstrated the pmcti.. 

cality of nuclear-propelled merchant ships, although there are no 
current plans to  build more nuclear vessels. During the yenr, the mc 
took steps toward developing lov-power reactors-of less than 2,000 
kilowatts capacity-for specialized applications. The phase-out of 
the plutonium utilization program has begun as industry has shorn an 
interest in carrying on the effort to develop the technology for safe and 
economical recycling of plutonium in thermal reactors. 

MARITIME PROPULSION PLANTS 

,4t present, the AEC’s civilian maritime reaotors prugram is planned 
to encompass basic studies for improved merchant ship reactor plants. 
Although the AEC is confident that nuc1ea.r propulsion could play a 
future role in propelling the Nation’s merchant marine, it must h t  
determine, in coordination with the Department of Commerce’s Mari- 
time Administration and in cooperation with interested segments of 
industry, overall future maritime needs. To this end, the AEC is 
participating in studies to determine the scope and direction of a pro- 
gram leading toward the development of economic nuclear propulsion 
plants for civilian maritime applications. 

The world’s first nuclear-powered cargo ship, the N.S. h’avanmh 
completed her first year of commercial operation in the service of First 
Atomic Ship Transport, Inc. on June 3Q, 1966. 
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LOW-POWER SYSTEMS 

For several years, the AEC has been actively engaged in dereloping, 
and promoting the use of nucleztr systems to proride 

loa-lerel electrical power for use in a mriet? of specialized outer 
ce, earth-surface, sea-surface, and undersea applications. Some 

$8 these systems, Several of which are alreadT in operation, use as of t]leir e n e r a  source the heat generated when radioisotopes decay, while 
under development, will use the heat produced by atomic fis- 

sioning in a small nuclear reactor. The reactor units for space appli- 
cations are discussed in Chapter 8-Space Nuclear Systems. Isotopic 
srsterns for space, terrestrial, oceanographic, and other specialized 

are summarized in Chapter 9-Isotopic Heat and Power 
* tpplications. 

Terrestrial Low-Power Reactors 

LoT-power nuclear reactor-initially covering the 100 to 2,000 
dectrical kilowatt range-are envisioned as being capable of providing 
over needed for a variety of remote terrestrial, marine surface, and P 

t deepsea applications. The initial step in tlie terrestrial low-poFer 
Factor (TLPR) program was taken late in 1966 with the establish- 
Dent, a t  the Oak Ridge National Laboratory, of a TLPR propan? 
office. This office will assist AEC Headquarters staff in  the detailed 
planning, coordination, and evaluation of the activities of the TLPR 
program to be carried out by the AEC's laboratories and industrial 

3 i contractors. 
f The initial phase of the TLPR program, now in progress, is devoted 
1 to application studies to determine the characteristics required of nu- ' clear reactor poverplants in terrestrial, marine surface, and deeps= 

applicat ions-the specific power level required, size and weight re- 
quirements, special design features needed 60 withst and their potential 
operating environments-and to determine the additional tecknology 
that must be developed to bring such systems into being. 

f 

PLUTONIUM UTILIZATION 
The objective of tlie plutonium utilization program has been to de- 

velop the technology required for the safe, economical recycling of 
plutonium in thermal reacltors. Although much has been accom- 
plished under this broadly-based technology program, a great d d  
remains to be accomplished before the objectives are completely met. 
9 major effort is required to translate the information presently at 
hand and still being developed to practical ti.pplication in operating 
Power reactors. 
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Phase-Out Started 

and In view of the present commercial status of light water reactors 
the need for the AEC to focus its available re~ources on the develop. 
ment of more advanced reactor concepts, the @--out of lthe 4~~ 
sponsord plutonium utilization p q p m  has be,-- This phase.& 
is to be completed in the next several years. It is expected that thenu 
clear industry will assume an ever-increasing responsibility for 
necessary continuation and completion of the w r k  lieeded to make 
commercial plutonium recycling reality. The ,4EC expects to work 
closely with industry during the period of transfer of the e f h ~  froro 
the labratory and test reactor enyironment t o  the commercia1 macbp 
environment to insure that Ithe most essential work is accomplished Qd 
that a smmth transition is made. 

1966 Progress 

High-power-densify core. The Plutonium Recycle Test %or 
(PRTR) at  the Pacific Northwest Laboratory was shut down during 
most of 1966 to permit recovery from the failure of an in-reactor fuel 
testing loop which occurred in September 1965, and to prepam fora 
high-power-density core experiment. Critical experiments with the 
new core in the PRTR began in September 1966; power operation 
is scheduled to begin early in 1967. The objective of the experbent, 
which will continue for two to three years, is to develop physics 
and material performance infurmation to determine if any limitations 
peculiar to mixed plutonium-uranium oxide fuels might exist, 

Fuel lattices. A significant effort. continued on the generatian of 
basic and engineering physics data required to develop and sub 
stantiate calculation techniques. Measurements were made on sub 
critical and critical fuel lattice assemblies moderated with both heaT 
and light water. This work was performed at the Pacific Northwest 
Laboratory, as well as at Westinghouse and General Electric facilities, 
using AEC-owned fuel rods. 

The work with the Experimental Boiling 
Water Reactor (EBWR) at Argonne National Laboratory continued 
through the year using a partial core loading of plutonium-enriched 
fuel. The critical experiments which began in the EBmR in Sepw-  
ber 1965 were completed, and power operation began during October 
1966. At the end of the year, the EBWR was operating at a nominal 

AEC-Euratom project. The Saxton mctm plutonium m p l e  Pro- 

EBWR experiments. 

G . 
-1 
d. -- 
-:- 40 Mwt power level. 

-_ 

-- 
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pram, an L4EC-Euratom sponsored effort being carried out by 
inghouse in the Saxton Nuclear Experimental Corp.'~ reactor 
saxton, Pa., continued throughout the year. Following critimlitS in 
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2J December 1965, the Saxton reactor reached full power (23.5 B h t )  in 

eriods through the year resulted in the plutonium-enriched portion 
5 ' of the core reaching a peak exposure of 19,500 megawatt-days per ton 
f 

JANUARY-DECEMBER 1966 

3 J,nuary 1966. Operation at  this power level during several operating 

(&m/T) ; the a.verage exposure was 10,500 BP$D/T, 
d a 

f 

i 

t 
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and detfp. Industry inferest. Concrete evidence of industry i n t e r n  
mination t o  participate more actively in the development of plutoniQ 
recycle technology developed during 1966. Prime examples are 

e kith efforts being jointly sponsored by the Edison Electric Institut 

eil tct westinghouse and General Electric. These prograins are intend 
develop the specific information required to permit the uw 

exI?ect&j water reactors. Direct AEC participation in these efforts is 
b be minimal; it will probably be limited to the lease or 1 
plutonium for specific experiments. 

L, 

plutonium-enriched fuel in commercial pressurized and boiling light of 

of 

NUCLEAR SAFETY 
Safety is, and always has been, a paramount consideration in the, 

development and exploitation of nuclear enera .  Furtheerrnore, the 
increasing growth of the nuclear industry, the larger sizes of centR! 
station plants being designed and built, and the incmtive far 
dustry to locate these plants closer to metropolitan areas have all 
served to sharpen the focus of attention on nuclear safety during 

PROGRAM DEVELOPMENTS 

It is clear that reactor safety has its roots in a properly designed, 
constructed, and operated plant. This has strongly emphasized the 
need for establishing and enforcing consistent and appropriae 
criteria, guides, standards, and codes for materials, equipment, a d  
processes associated with a reactor plant (see also “Development 
of Safety Standards for Reactors” in Chapter 1-Licensing and 
Regulating the Atom). Accordingly, one of the basic objectives 
of the AEC nuclear safety research, development, and test program 
is to provide the technology and information that is required for the 
promulgation of such standards. 

New Offices Established 

To assist in planning for a nuclear safety research and develop- 
ment program, i.e.. identifying the needs for research and developmat- 
and establishing the objectives to be achieved in meeting these needs 
and further to develop the experiments and tests that must be carried 
out to accomplish these objectives, safety program offices for the liquid 
metal-cooled fast breeder (LMFBR), water, and gas-cooled rm*r 
systems have been established. For the LMFBR system the * 
section is an integral part of $he LMFBR Pm-p-arn Office opm@ 
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der t,he Argonne National Laboratory. The water reactor sa,fety 
m has been established under the Phillips Petroleum Go. oper- Ilfl 

I,roEm 
1 t-hrough the AEC’s Idaho Operations Office, while the gas- 
3t1% safety program planning is being carried out by a group at 

oak Ridge Xational Laboratory. These groups, which assist the COO 

t i c  Headquarters staff in the detailed planning and coordination 
A u i d  for maximum program effectiveness, are not associated with 

research and development program operations. Initial efforts 
e 3 groups are well underway, but it should be noted that their 

activities vary, not only because of differences in cycles, but 
4o because of differences in status of technology associated with 

of t h e  

alL 
these S Y * ~ S *  

work Being Augmented 

The technological developments noted previously in this chapter 
reflected in the dynamic nature of ;the planning effort for the 

*f@tY research and development program and have resulted in a sig- 
nifimnt aupentation and reorientation of the existing program. 
~ ~ m p l e s  of this have been the increased emphasis on the perform- 
ance and reliability of engineered safeguards systems, the initiation 
of research and development in such areas as seismic design, and the 
ex$oration of in-plant tests of safety systems to proTide quantitative 
en&eering c information on their performance and reliability. I n  the 
latter regard, it is recognized that important high-risk tests cannot be 
a tmid  out in existing operating central station nuclear plants, and 
hiphlights the importance of such new facilities as LOFT (Loss of 
Fluid Test), PBF (Power Burst Facility), and CSE (Containment 
Sptems Experiment) for such tats. 

Cooperative Eff arts 

Also important is the vital role that must be played by industry 
in essentially all phases of tbis program. This importance is reflected 
in the continued industrial participation in major nuclear safety re- 
*arch and derelopment projects; the increased awareness on the part 
of industry of the necessity for appropriate criteria, guides, and d e s ;  
a d  the need for expanded industrial cooperation in the future con- 
duct of the program. 

The program has also profited through the guidance provided by 
the in-house Steering Committee on Reactor Safety Research which 
=as established in 1965 and is comprised of representatives from the 
AW‘S regulatory staff as well as from the operational divisions 
@Qerned Kith reactor development and technology, biology and 

.-. 4 II; \; y # 
- .  
’” 
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LOPT VemeZ. The SO-ton, 22 foot 7 inch-high, forged steel pressure vessl 
the Loss of Fluid Test (LOFT) facility is shown above during fabrication bp 
P. F. Avery Co., Billerica, Mass. The scale model below shows how the ~0~ 
reactor safety test equipment will be mounted on a double-width flatcar, or d 
which can be pulled by a shielded locomotive oyer quadruple rails to existing 
hot shop nearby for post-test analysis at the National Reactor Testing statim 
(KRTS). The large plug at the front of the model represents a pipe rupture 
device for deliberately initiating the maximum credible (though highly improb. 
able) accident postulated for a pressurized water reactor, namely, rupturing of a 
major coolant line. Top center are the reactor control rod drive me&anhm% 
A principal reason for building and operating Lorn is to evaluate the safety 
wnter cooled power reactors by deliberately subjwting it to the damage causa 
by rupture of a major coolant pipe. L o n  is part of the safety test engi. 
neering program conducted for the AEC by the Phillips Petroleum (3. 

our, 
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diche, and operational safety. The committee has been active in 

,gist% ’e in planning and coordination activities, encouraging better 
@ination and exchange of reactor safety information, and in re- 
*ng plans and programs for specific proposed projects to augment d@ 

tiem 
the existing pro,al-am and for the development of safety criteria, 

dsrds, and codes. w 

SUPP lementa1 Repor, 

The details of the nuchar safety research and development pro- 
well as work i n  progress under the AEC’s general reactor 

w b ~ l ~ g y  research and development program-which has the COR- 
t;nu;ag long-range goal of generating data and tsohnologg bnsic to 
be development of advanced reactor conmpts and systems, and to the 
~provement of existing reactor concepts, proem,  md qs- 
am described more fully in the supplemental report, ‘‘Fundamentia,l 
xnclear Energy Research-1966.y’ 

p m ,  as 



I SPACE 

I SYSTEMS 
Lul AEC space-related nuclear research and development activities 

sre Wnilucted in close collaboration with the National Aeronautics and 
$pace Administration (NASA) and the Department of Defense 
{DODb 

SPACE NUCLEAR 
ROCKET PROPULSION 

f i e  nuclear-rocket program is a joint AEC/NASA endeavor aimed 
at providing the technology and systems for conducting heavy pay- 
IWd, high-energy missions in space. Analyses have indicated that a 
ride variety of such missions can be accomplished with the advanced 
propulsion &ciency provided by nuclear rockets. 
h important result of program mission studies has been the defi- 

nition of a single NERVA (Nuclear Engine for Rocket Vehicle Appli- 
cation) engine that could be utilized to perform all of the major 
missions for which nuclear rockets would offer significant advantages 
over chemical rockets. Mission analyses indicate that this engine 
auld be incorporated into a versatile nuclear rocket propulsion md- 
de which could be used for all of the major nuclear rocket missions. 
The module, with a diameter of 33 feet, could be installed as a third 
age on the Saturn V Apollo booster rocket to improve its perform- 
am capabilities for lunar and deep-space missions. Furthermore, 
depending on the thrust level required for the mission, the module 
could be used singly or in clusters in a variety of space missions, 
including manned missions to Mars and Venus. 
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GRAPHITE REACTORS AND ENGINE SYSTEMS 
The primary emphasis in the nuclear rocket program has been, and 

will continue to be in the foreseeable future, on papfi i te  reactog 
and engine systems. Graphite is the fuel element structural mate,ial 
selected h a u s e  of its excellent structural properties at high ternNra. 

was ture and excellent nuclear characteristics. During 1966, emphasis 
directed toward: (a) continued establishment of graphite reNbt 
teChn010~ to a capability of operating at full design conditions for 
about 60 minutes, wing a 1,100 megawatt thermal reactor; (a) the 
establishment of engine system technology based on the 1,100 Q , -  

watt reactor technology; and (e) the advancement of graphite peachp 
technologs to provide the basis for the extension of reactor perfom. 
mce beyond near-term goals. 
The 1,100 megawatb reactor and enghe system technologSl work is 

being performed under the NERVA project heading and is an out 
growth of the Kiwi reactor technology developed previously (195% 
1964) by the Los Alama Scientific Laboratory (LASL) . The 
lishment of advanced graphite reactor technology is being carrid out 
at LASL under the Phoebus project. This work has the objective 

Nuclear Rocket PropuEsion diodidc. The concept for the nuclear rocket PI%@- 
sion system iS that liquid hydrogen will be passed through a compact 
where it will be heated by the fission energy in a nuclear reactor and thea 
expelled through the engine jet nozzle to provide the thrust for p r o p d o n d  
apace vehicles. The drawings show the versatility of the basic nuclear mcW 
P~OpnlSiOn module (at top left)-a 33-foot diameter hydrogen storage t;ank and 
the NERVA engine. The various applications shown use the =me basic P d  
don module, either as a h g l e  unit or in clusters, and would reQUire o&‘ Om 
basic set of hardware. 
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‘ding a reactor of approximately 5,000 megawatts, called Phoe- profl 

bus- 2 7 capable of operating at higher exit gas temperature (which 
rovide higher specific impulse) and greater power density.’ The 
~ o l o ~  stemming from the investigation of the Phoebus-2 reactor 5 be applied directly t.0 the development of a flight-type reactor of 
‘1ar size for the large R’ERVA engine with a thrust rating between SW om and 250 thousand pounds. At present, Himi-sized reactors, called 

&,&wl, iI3CUrpO~ating a variety of experiments are being tested to 
some of the operating characteristics and design features 

lamed for the larger Phoebus-2. P 

NERVA Reactors and Engine Systems 
Sipificant advancements were made toward achieving the objective 

of developing a reactor capable of operating at a nominal porer  of 
1100 megawatts for 60 minutes. These advancements were demon- 
jtrated in tests of the nation’s first nuclear rocket engine-a “bread- 
bard” engineand tests of the NRX-A5 reactor. Called the NRX/ 
EST (NERVA Reactor Experiment/Engine System Test), t h O  
iy,r~dboard” engine system included all principal components and 
ent ia l ly  the same system characteristics as would be found in a flight 
egine, but they were not arranged in an actual flight engine 
Nnfipration. 

? 

EiwGPhoebus Comparison. The chart compares the nominal design values of 
the KiKi/KRX, Phoebus-1, and Phoebus-2 reactors in the space nuclear rocket 
Propulsion program. Five Kiwi-B and four R’ERVA-SRX-A reactors With the 
noted characteristics have been tested at power since the first Kiwi-B test in 
1961. Three low-power (100 Mw) Kiwi-A reactors were tested in 1959 and 1!360. 
The initial Phoebus-1 reactor test occurred in 1965 and the first Phoebus-2 re- 
actor will be ready for testing late in 1967. (To convert temperature from d e  
m S  Rankine ( O R )  to degrees Fahrenheit, subtract 460.) 

~ 

‘SPeCiflc impulse is the amount of thrust produced when propellant is consumed at the 
rate of one pound per second ; power densiQ I s  the rate of fission heat generation per Unit 
mlume of the reactor core. 
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NRX/EST Tests 

The NRX/EST consisted of a reactor (designated the X R ~  
-A41 

car: a 
installed in an up-firing position on a modified reactor test 

ul.bo- 
regeneratively-cooled, hot-bleed port nozzle ; a Che-Wupled t 
pump ; and associated lines and valves. The twbopurnp (for Pump. 
ing liquid hydrogen through the nuclear reactor) mas driven b 

nozzle hotrbleed port. The objectives of the hqX/EST prograrn 
were to: (a )  demonstrate the feasibility of the hot -hed  cycle en&e; 
( 6 )  demonstrate “bootstrap” startups of the engine into the PoRer 
region; and ( e )  secure data on engine operations, component 
interactions, and various control modes. 

A summary of the experiments performed on the NRX/EST is 
given in Table 1. I n  the five days of power testing the h’Eg&sT 
accumulated a total of 110 minutes of power operation, including abn t  
29 minutes at full power. These tests were conduoted m e r  a period of 
seven weeks during February and March a t  the ?Suclear 
Development Station (NRDS) in Nevada. 

Although the detailed analyses of test data from the engine eape-i- 
ments are still in progress, it has been established that : ( a )  the hot_ 
bleed cycle of the engine system is stable a;nd flexible over a wide ran- 
of operating conditions and can be throttled at full specific impdg; 
(6) several start techniques are feasible and a number of alternate 
control modes are available; and ( e )  multiple starts and many teste 
can be conducted on a single engine assembly. 

An assessment of the behavior of the major engine components is 
given in Table 2. As the table indicates, difbculties were encountered 
with only one component-the turbine power control valve actuator, 
which exhibited excessive wear after the first and second .tests and had 
to  be replaced in both instances to permit the experiments to  continue. 
The second replacement was an improved model which functioned Fell 
for the remainder of the test program. 

hydrogen bled from the regeneratively-cooled jet nozzle through ST hot the 

NRX-A5 Reactor Tests 

The NERVA KRX-A5 reactor was successfully operated a.t full 
power for 15% minutes on June 8, and was then restarted and operated 
for an additional 14% minutes on June 23. The tests were conductd 
under tight>ly controlled conditions to gain further underst andmg of 
reactor operation and life. The test data indicated that both experi- 
ments were conducted essentially as planned, and the objectives - of the 
test series were met. 
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$&fie Svstmt. Operation of the NRXJEST (NERVA Reactor Experiment/ 
&gine System Twt)  through 10 startups during February and March ad- 
Tmced the development of a nuclear propulsion rocket engine considerably. 
The series of tests was the first to include all the major components and system 
characteristics of a flight-type engine although they were not in the ultimate con- 
karation. Photo above shows the engine mounted on a modified test car with 
its jet nozzle pointing ,skyward. Drawing below compares the size of the n o d e  
of the 1,100 Mw NRXDST with that planned for the 5,000 Mw Phoebus-2 reactor. 
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TABLE 1.-ENGINE SYSTEM TEST SUMMARY OF POWER TESTS 

Maximum 
tempere- 
ture (in 
d e w  

Rankme) * 
Date 

2/ 3/66 

2/11/66 

31 3/66 

3/16/66 

3/25 f 66 

Total- - 

, 

Snbwstem/Cornponent 

start 

_I 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

- 
----- 

- 

~ 

Behavior Remarks 

Maximm 
power 

(in mega- 
watts) 

440 

250 

230 

160 
3 50 

1,090 

1,040 

1 i O  

1,090 

1,130 

Nozzle/Bleed Port - - - - 
Feed System _ _ _ _ _ _ _ _ _  ccr Turbopump _- - -____- -  

0 TPCV*------ -- - -_  - - - 
TPCV Actuator - _ _  - - - 

a Reactor - - - - - - - - - - - - - 
0. 
Cn Reactor Control 

Drum Actuator. 

Satisfactory,,,,, - 
Satisfactory ___,___ 

Satisfactory _ _ _ _ _ _ _  
Excessive Wear, - , Replaced with improved model. 
Satisfactory _ _ _ _  - - - Structure satiifactory-significd 

corrosion as expected. 
Satisfactory-,,,,, - Sluggish operation of one actmw 

due to  hydraulic line freeze; 
insulation installed. 

2,550 

2, 050 

2,000 

I, 450 
2,590 

4, loo 

3,690 

1, 500 

4,090 

4,175 

Duration 
(minutes) 

~- 

1 lo 

4 

Q 
Normal bootstrap; tempem 

Chilled reflector start; TPCv** 
ture response. 

response; temperature 
limiter. 

Fixed drum start: control 
drum response. 

Low pressure start (abort,). 
Normal start; pressure re- 

sponse; temperature and 
power limiter; cross-loop 
limiter; 2,500’ R. mappinp; 
no-flux-loop control. 

Normal start; design power 
and temperature. 

Normal start; 3,400’ R. u p  
ping; on-off controller. 

Control positioning error led 
to automatic flow shutdown, 

Low pressure start; design 
point system response; 
4,000° R. mapping. 

Duration capability; design 
point system response. 

(29 minutes at nominal full 
> 

power) 

+To convert to  degree8 Fahrenheit, subtract 460. 
-Turbine Power Control Valve. 

TABLE 2.-ENGINE SYSTEM TEST 

ASSESSMENT OF BEHAVIOR OF MAJOR ENGINE COMPONENTS 
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Experimental Engine Work 

In addition to the testing of the KRX/EST “breadboard” engine 
P d NRX-*45 power reactor, work was also continued during the year 
top rovide the components and facilities to accomplish the next phase 
of the engine system technology program-building and testing ground 
eSP erirnental eMnes (XE’s) . These engines will closely resemble 
&tual flight engines and will be tested in a dova-firing test stand with 

h@ibn& Experimental Engine (XE). The exploded drawing shows the major 
fomponents of the ground experimental engine (SE) which Wll be tested 
during the coming year under conditions simulating space flght. The engine 
cm be dirided into two modules or sections to facilitate maintenance should a 
mallunction occur. 

- ~ 

4 ‘f - 
T 

~ 
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the exhaust going into a partial racuum, thus siniulathig Opera;tion 
space. The primary objectires of the S E  propam will be to explore 
further the phenomena associated with en@e startup, and to acquire 
additional data on system interactions and control. An additional and 
very important aspect of the XE program will be to gain experience 
with the complex engine-f acility system. 

Phoebus Reactor Technology 

Although no power reactors were tested in the Phoebus promrn 
during 1966, significant progress was made in the Preparation of 
Phoebus reactors for test, in the advancement of graphite fuel- 
element and materials technology, and in the capabilities for testing 
reactors at high-power levels and for long periods of time. 

. . .  

Reactor Progress 

All reactor hardware for the Phoebus-1B reactor experiment R&S 

available at the beginning of 1966 ; however, some modifications to the 
means for protection against corrosion were made in the fuel elements 
for this reactor. As a result, it became necessary tu conduct another 
criticality experiment for the PhoebuSlB in the KIVA critical as- 
sembly facility at Los Alamos Scientific Laboratory. The Phoebus- 
1B is now completely assembled and m d y  for test at KRDS as soon 
as the Test Cell C checkout is completed. 

At the start of 1966, all design work on the 5,000-megawatt Phoebus 
2A reactor was essentially complete and hardware procurement a d  
fabrication mere well along. Reactor analysis, however, continued 
and is continuing to characterize fully the thermal and structural lim- 
its of the Phoebus-2A reactor as designed. By the end of 1966, nearly 
all hardware was on-hand for both the Phoebus-2 cold-flow reactor 
and the Phoebus-2A power reactor. Assembly of the cold-flow re- 
actor began at KRDS in December of 1966, and the LASLKIVA 
assembly of the Phoebus-%% reactor mas planned to commence the 
first of 1967. 

Having these two reactors ready for assembly signifies the aczom- 
plishment of a vast amount of fabrication effort and manufacturing 

---: development not the least of which involves fuel elements. Of the 
many thousands of fuel elements fabricated, those for the Phoebu*? 

-3 cold-flow reactor contain no fissionable uranium; whereas, those made 
0 for the Phoebus-SL4 reactor contain precisely-controlled amounts of 

uranium according to their intended location in the reactor. (Three- 
fourths of the fuel elements were made at LASL; one-fourth of the 
total came from the Y-12 Plant at the Oak Ridge production 

23 

-1 

complex.) 

Reactor Test 
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The prescription for the quantities of uranium to be loaded in the 
elements resulted from a long series of malytical studies and Bel Grit;ical experiments aimed at solving the nuclear design problem of 
phoebus-2 reactor. During 1966, LASL assembled a realistic 

clear mockup of the Phoebus-2A reactor to measure, in detail, the th 
nu @dial dependence of the fission power and the perturbations caused 
bv control drum, thermocouples, and experimental, nonstandard fuel 
i 

BlfWenh- 
A SigpScant development in high-temperature materials technol- 
c - ”  

murred during 1966. LASL scientists in association with others @ bveproduced composite materials consisting of mixtures of graphih 
*it. metal carbides which are machineable and which have a high 
degree of corrosion resistance and sufficient high-temperature strength 
to 

Instnunentation development often paces the advancement in tech- 
nologs particularly in an activity such as the nuclear rocket program 

strives to reach the highest temperatures possible. Therefore, 
@cant developments in high-temperature thermocouples for 
lacement in the reactors were made during 1966. Several new types P 

of exit-gas temperature sensors and new core-material thermocouples 
d l  be used in the PhoebuslB. If these work well, the reactor de- 
n~opers will have an improved-means to monitor the temperatures 
 thin the core during test operations. 

Major effort at LASL was on extensive design and analytical work 
to support the modification of Test Cell C (discussed later) and to 
establish the techniques to assure survival of the reactor in case any- 
thug fails in the facility. Main emphasis has been on saving the re- 
actor in the event of a cessation of hydrogen flow regardless of the 
cause. During December of 1966, final facility checkout tests showed 
that the modified Test Cell C has the required capability to meet 
emergency cool-down needs for the Phoebus-1 and Phoebus-2 reac- 
tors, and future NERVA reactors. 

as structural materials in a reactor core. 

Reactor lest Support Components 

Aerojet-General Gorp., Sacramento, Calif., is developing the exhaust 
nozzle for the Phoebus-2. The Phoebus-2 nozzle design is similar to 
the U-tube nozzle used for A%X reactor testing, except that HasteUoy- 
x material is being used instead of shinless steel to accommodate the 
higher Phoebus-2 temperatures and heat fluxes. 

Fabrication of the basic nozzle hardvare and activation and ctemon- 
stration of the nozzle test stand (using an uncooled nozzle) were corn- 
Pleted during the year. The first cooled nozzle also was moved into the 
fhal stages of fabrication, and is nearing completion. 
5 1 ;-; r; c‘ 1; i; 
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DeveZopment of the liquid hydrogen feed system for the plloel,b. 

Division of North American ,%viation, Inc., Canoga Pa&, c,li, 
Basically, the Rocketdyne system is an outporn-th of the pump-t . 

urIine 
system developed for reactor t s t i n g  in the LOS Alan~os 1Zin-i man! at R'RDS. In  the feed system (known as the SFS-3B) which I 
used for Phoebus-2 power testing, two of the Pmp-turbine ullits a ~ F .  
being combined in a parallel arrangenient to provide the rquiNd 
Phoebus-2 flow rates. a', 
pressures and flow rates higher than were required for the &.i tw, 
A single pump-turbine unit of this system r i l l  be used for the pllm 
bus-113 test and future SER.TTA SEX reactor tests. 

reactor lms been underway for the past four years at the Rocketdrl,, 2 

#. 

I n  addition, the pumps deliver hydroeen b 

-. 

Graphite Reactor Fuel Element Technology 

Fuel element technology dedopment  is continuing at LOS A1 
N'estinghouse (Pittsburgh, Pa.) and the Y-12 plant a t  the Oak Ridge 
production complex, and is aimed a t  increasing the corrosion lifetime 
of graphite reactors. An example of the progress being made is ShoRn 
in the illustration. Sixty-minute tests of fuel elements in hot hydro. 
gen corrosion test furnaces were freqeuntly conducted in 1966. The 
data from these tests are continually being compared wit11 the data 
from full-scale reactor tests to improve the current fabrication tell. 
nology and the reliability and quality of laboratory test tdl.niques. 

Fuel E h 3 t m t  Perfortnance. The chart graphically shows the adrancements made 
in the development of graphite fuel element technology. Laboratory work with 
fuel elements in hot hydrogen corrosion test furnaces during 1966 show4 * 
dramatic gain in operating duration mer results achiewd during 1965. 

Sew tc 
-tors : 

SRDS Co? 
Pelopment 
AEC-SAS, 
Stand No. 
wmbly bui 
engine test 

240-1 



10s A l a m ~ ,  
Oak Ridge 
.on l ifethe 
de is shown 
hot hydro- 
1966. The 
;h the data 
:ation tech- 
tmiques. 

2ments made 
y work with 
;6 showed 8 

JANUARY-DECEMBER 19 6 6 191 

TUNGSTEN REACTOR TECHNOLOGY 
on tungsten systems has s h o ~ n  that although tungsten re- 

a c ~ r s  
feasible and can operate for long durations, their perform- 

ill brm of specific impulse approximates that of the graphite 
@@ kaxt iuch as the missions currently envisioned for nuclear- 
t c;vat e m  
&i33E do not require operating durations longer (30 to 60 minutes) 
thdn those that appear to be attainable with gmpllite, all work on 

t m Y  The XASA hx i s  Research Cmhr (Cleveland, Ohio) and Argonne 
fationd Ihboratov were the principal contributors to  the tungsten 
iaopt. Argonne examined a fast reactor concept and Lewis, a thermal 
mbr-nloderat ed reactor concept. The major problems invskigtted 

related t o  the fabrication of suitable tungstea-uraniwn-dioside 
fd elements and the compatibility of tungsten-uranium dioxide fuel 
lo%t,&d in a hydrogen environment when subjected ta various steady- 
ftate and cyclic temperature conditions. In  addition, analyses w0m 
cond~cted on the design, neutronics, and control characte&ics of 

mctor based on the use of these materials. Both ANL and Lewis, 
along with their contractors, cont,ributed significantly to the advan- 
merit of technology in the very difficult field of refractory materials, 

*.en systems was discontinued as of June 30. 

. NEW TEST FACILITIES 
561~ test facilities for the development testing of nuclear-rocket 

reactors and engine systems are being added to the NRDS complex. 

XRDS Complex. 
relopmerit Station (NRDS) in Nevada are the major facilities used for the 
UGSASA developmental work. Two new facilities-ETS-1 (Engine Test 
Stand No. 1) and the E-MAD (Engine Maintenance, Assembly, and Disas- 
Smbly building)-are nearly completed and will be used to support the XE 

Superimposed on an aerial photo of the Nuclear Rocket 

1 Qginetests. 
3An-C-c C’ -.li 
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Eilgine Test Stand KO. 1 (ETS-l)? and the Enghe MaintellanPe, 
Assembly, and Disassembly (E&kD) building are in the final 
of completion and will be used in the serT-ic,hg and testing of experi- 
mental engines (XE’s) in the KERVA engne technology pro Earam, 

Engine Test Stand 

Experimental engines will be tested in ETS-1 in the normal “dam 
firing” position; in all tests conducted to date, the jet nozzle 
pointed s b a r d .  A large cooled duct will deflect the Q h l y  indam- 
mable hydrogen exhaust gases from the e n a e  nozzle from the 
&and. The duct, in conjunction with other ancillary equipment, ah 
will be used to  simulate space environment conditions. The fabri- 

Engiiie Test fitand No.  1. Experimental engines (XE) to be tested at the XU- 
clear Rocket Development Station will be operated under conditions simulating 
actual space flight. The hot hydrogen gas exhaust from the downward-firing 
eXl>erimental engine will exit into a partial vacuum. This is facilitated throwh 
an exhaust duct located in the lower portion of the stand. 

Test Cell 
high-power 
improveme] 
500,000 gal 
SUrized liq1 
a t  to a r e  
capacity lic 
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The nud  
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t,ion of the exhaust duct, the culmination of a difIicult technology 
C& was completed 111 1966 by Air Preheater Co., Division of Com- ,go*, 
bastion Engineering, Inc., Wellsville, X.Y. Installation of the duct 
In s ~ S - 1  also was completed in 1966. The duct resembles an “L” 

d double-walled tube, approximately 53 feet high and 56 feet &P ’ 
Altitude conditions will be simulated by feeding superheated Ions. 
into the duct at: very high velocity in the direction of the st@ 

gine exhaust stream. 
@tJ 

E , ~ ~ D  Building 

Construction of the E--- buildrng has been completed for sev- 
months, and activation of the building is in progress. The facility 
be used to assemble, disassemble, and service engines for testing 

@d evaluation. Radioactive (‘!hot’’) components will be handled 
by using specially designed m o t e  manipulators. 

cell Modification 

( 6  7 )  Test Cell C has been modified to accommodate the testing of the 
&h-pwered Phoebus-1 and Phoebus-2 series of reactors. The major 
improvements made to the facility include the addition of two 
ji~0,oOO gallon liquid hydrogen storage dewass: an emergency pres- 

liquid hydrogen storage dewar for supplying hydrogen m l -  
at to a reactor in the event of a feed system failure, and a high- 
cqwity liquid hydrogen feed system-the NFWB, described in the 
)‘Phoebus Reactor Technology” section. 

SPACE ELECTRIC POWER 
The nuclear systems being developed for generating electric power 

in space include radioisotopic heat sources and small nuclear reactors. 
The radioisotope poFer systems appear to be attractive for power 
lerels up to about 10 kilowatts for very long durations and are de- 
scribed in Chapter 9-Isotopic Heat and Power -4pplications. The 
nuclear reactor power systems are being developed for  higher power 
ieveIs than those attainable with radioisotopes. 

A double-walled container for holding liquid and gas sUpplle8. 

! jG ‘??? f 2 
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REACTOR POWER SYSTEMS 

The AEC is developing two classes of reactors for space 
application : the zirconium hydride SN-@-type reactors which are 
expected to satisfy potential space power needs of the mid-to.lak 
197Ok, ranging up to about 100 electrical kilomtts; and the advanced 

PoNer space power rcnctors which are intended to satisfy later higher- 
needs. The current scope of the space power reactor program is 
shorn  in Table 3. 

TABLE 3.-SPACE POWER REACTOR PROGRAM 

Type of reactor 

Zirconium-h y dride 
thermal reac- 
tors. 

Advanced, high 
temperature fast 
reactors. 

Program designation 

SNAP-1 OA 

SXAP-S 

Liquid metal- 
cooled reactor. 

Thermionic 
reactor. 

Gas cooled reac- 

Boiling potassium 
tor (710). 

reactor 
(MPRE) .* 

Electrical power 
range 

0.5 kw 

10-35 k w  

300 kw-10 
Mw. 

300 kw-10 
Mw. 

About 200 

About 100 
kw. 

kw. 

*Medium Power Reactor Experiment. 

- . -  
L L  

I -- Zirconium-Hydride (SNAP-type) Reactors 

-'3 SNA,P-IOA. The first reactor power system to be operated in ~pl@ 
- was the  SNAP-10,4 which was launched into orbit on April 3, 1965- 
LL and operated successfully for 43 days before the reactor was shut dorm 

by a faulty command within the spacecraft. The endurance capa- 
bility of this system was subsequently demonstrated when an identical 

3 

- - 
Space stations; lunar 

bases; and communica- 
tions satellites. 

Meteorological, recon- 
naissance, comrnunica, 
tions satellites; lunar 
bases; large manned 
space stations and 
laboratories ; and direct 
broadcast T V  satellite, 

Unmanned interplaneby 
probes ; manned inter- 
planetary missions; 
manned space stations 
and laboratories; 
and large lunar bases. 

Potential applications 

Developmental work on 
this concept w'as ter- 
minated in 1966 to con- 
centrate resources on 
the above three higher- 
priority advanced con- 
cepts. 

Advanced S 

Activities 
future spa& 
outputs in 
range t e c h  
h e  basic 
reactor; ( 6 :  

a Rankine CYC 
energy-to-eiectr 
The reactor co 
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Sh -4P-lOA flight-type system (designated the FS-3) operated on the 
dound continuously and virtually unattended in a simulated space 

Tironment for more than 10,000 hours (about 417 days). The FS-3 ell 
is now undergoing detailed examination at Atomics International's 
s$ntfl Susana test range to determine the state of the reactor follow- 

its successful operation. To date, the examination has revealed no in6 
The SNAP-1OA P system, which consists of a 40 thermal kilowatt sodium-potassium 

p&C) -cooled zirconium-hydride reactor coupled with thermoelectric 
sGoD~ersion, has a nominal electrical power output of 500 matts after 
one year of operation. 

s ~ A p - 8 .  SNAP-8 is a 600 kwt NaK-cooled zirconium-hydride re- 
actor designed to develop 35 kilowatts of electrical power when used in 
conjunction with mercury Rankine cycle3 power conversion. An 
experimental SNAP-8 reactor (S8ER) was operated at Atomics Inter- 
national, Ganoga Park, Calif. The test included a year of operation 
at thermal powels of 400 to 600 kilowatts with a coolant outlet tern- 

&urn of 1,300" F. Upon completion of the test, the reactor was dis- P 
mmbled and it was found that most of the fuel elements had cladding 
c&s. This problem, which is attributed to the combined effect of 
he1 melling and cladding embrittlement, has been under intensive 
investigation throughout the year. Fabricat ion of the second genera- 
tion SNAP-8 Development Reactor (SSDR) is being delayed pen& 
b g  the m l t s  of fuel clad tests which are now underway. Assuming 

the test results continue to verify the improved fuel element 
design, the fuel elements for the S8DR will be fabricated in fiscal year 
1968 and power testing of the SSDR will begin in fiscal year 1969. 

Development of the companion mercury Rankine cycle power con- 
version system (PCS) for the SNAP4 reactor is underway at NASA. 

?: 

roblems or unexpected conditions in the system. 

Advanced Space Reactor Concepts 

Activities in the advanced reactors area are directed toward meeting 
fnture space power needs for very long-lived systems having electrical 
outputs in the hundreds and even thousands of kilowatts. Long- 
range technology programs are currently underway which support 
three basic advanced reactor concepts : (a) the liquid-metal-cooled 
reactor; (6) the in-core thermionic reactor; and ( c )  the gas-~ooled 

Bankine cycle power conversion-A method of converting thermal e n e r m - t o - m ~ h a n i ~  
~erWtWlectrica1 energy using a closed liquid-metal (mercury or potassium) vapor OYCle. 

reactor coolant takes fiwlon heat from the reactor core and conveys it to a heat- 
ahaUge bder  where the liquid-metal working fluid h the Rankine Imp h Converted 
w r .  The vapor turns a turbine, whlch is linked to an electrio generator, and then 
-6 through a radiator-cooled condenser where it is condensed back to a liquid which, 
h, h Pumped back into the boiler. 
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ctru14 
=%p 

reactor (710). 911 of these are in the high temperature, fast spe 
reactor category. -4 fourth concept, the boiling potassium 
(Medium Power Reactor Experiment, MPRE ) at  Oak Ridge Nationd 
Laboratory was eliminated from the program during 1966 in order 
concentrate effort and resources on the other concepts. 

~ i q  u id- m e tal- coo led re u ct or. The liqui d-metal-cooled reactor con, 
wpt is attractive for space power applications because of its fierent 
versatility and relatively predictable performame characteristics 
a wide range of operating conditions. Emphasis is on reactors for 
space power systems having outputs in the multi-megamtt range for 
electric propulsion applications, but reactors for secondary power 
applications of severxi hundred kilowatts are also being considered. 

BNBp-8. The photo above shows a prototype SNAP-8 reactor being prepared for 
shock and vibration #testing. When fully developed, the SNAP-8 reador will W 
vide 10 to 20 kilowatts (kw) of electricity wrth thermoelectric power c o n w ~ i ~  
or 35 km with the SNU-8  mercury turbogenerator system. 
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e technology program supporting this reactor concept is being con- Th ducted by the Lawrence Radiation Laboratory, Livermore, Calif. 
During 1966, major attention was given to ddning the reactor require- 

for the liquid metal Rankine cycle poKer system, and a con- 
tinued concentration of effort in this direction is expected. By the 
end of the year, the experiemental portion of the program was evolving 
from exploratory materials investigations into st basic technolorn 

/,,-core thermionic reactor. The thermionic reactor offers long-range 
,*mise for both high reliability through redundancy of static con- P ,mion units and small radiator area due to high operating tempera- 

t,um, Programs conducted by General Atomic at La Jolla, Calif., and 
anera1 Electric at Vallecitos, Calif., have been directed primarily 
@ward developing long-endurance thermionic fuel elements, which 
must operate at bmperatures above 3,000" F. During 1966, encourag- 
ing results were obtained from in-core tests of fueled $hemionic 
&des, and the scope of the thermionic effort is now being broadened 
to investigate overall reactor problems such as stability, control, and 
reliability. 

High-temperature gas-cooled reactor 
t&nology is being developed for application to noncondensing work- 
ing fluid Brayton cycle space power systems. This effort is being mn- 
ducted by General Electric at Evendale, Ohio, in what the company 
designates as the 710 program. The 710 concept, which uses an i n e r t  

for cooling the reactor and driving the power-mnversion equip- 
ment, provides an important potential alternative to the liquid-metal 
cycles for space-power generation. During 1966, emphasis was placed 
on the reactor design and fuel system clevelopment. 

supporting the reference reactor designs. 

Gas-cooled reacfor (77 0). 

Space Reactor Shielding 

The reactor shield accounts for a large fraction of th8 weight of a 
nuclear-powered space system. Shield weights vary from a few hun- 
dred pounds for instrument s h i e l k u c h  as the on0 used for SNAP- 
10A-to thousands or tens of thousands of pounds for manned flights. 

The purpose of the space reactor shielding program is to develop 
analytical methods to accurately calculate the effectiveness of differ- 
ent shields for various applications. Equally important is the de- 
velopment of methods for fabricating shields that will meet structural 
md heat - removal requirements . 

Bdvanced analyticd methods are being developed at Oak Ridge 
Xational Laboratory which use neutron transport theory and Monte 
carlo tschniques.4 In  conjunction with the analytical program, a - 

'Monte Carlo techniques-A method of solving physical problems by means of a series 
Oi s ~ ~ S t k a l  experiments which are performed by applying mathematical Operations to  
nndorn numbem. 
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shielding experiment is planned where a modified SNAP-lOAl reactat 
will be used as a gamma and neutron source at the Oak Ridge T~~~~ 
Shielding Facility. Comparisons will be made between the calculaM 
and measured performance of a typical space shield. Shield mate,ial 

bp. and fabrication techniques are under investigation at Atomics 
national where 11 neutron shields of lithium hydride, ranging froQ 

ts 200 to 700 pounds in weight, have been produced for a variety of 
in previous and current programs. 

Dynamic Power Conversion Technology 

To supplement space nuclear power development, the AEC is pur- 
suing several research and development efforts to demonstrate the 
capabilities of both the mercury Rankine cycle, and at. lower tempm 
tures, the organic Rankine cycle to meet long-term requirements for 
future space applications. 

M e r c u r y  Runkine cycle. The mercury Rankine cycle t u r b o e l ~ c  
technology is being developed by Thompson-Ramo-Wooldq,+ 
(Cleveland, Ohio). Tests of the 3.5 kilowatt Combined Rotating una 
(CRU) were continued during the year. The CRU is an i n t e r n  
package containing the mercury turbine, alternator, and rneEurp 
pump-all mounted on a single rotating shaft. A n  endurance oi 
greater than 4,000 continuous hours was completed on a unit of this 
type in August. The fhal configuration of the CRU has now been 
selected and 10,000-2-);0ur endurance tests have been initiated. 

Orgunic Rankine cycle. The organic cycle is being investigated fa 
use with an isotopic or indirect reactor heat source in the low pows~ 
regime (several kilowatts). The advantage of the cycle for ti& 
application is that with relatively low cycle temperatures of only 
600-’700° F., net cycle efficiencies of about twice that of the higher. 
temperature mercury Rankine cycle appear to be possible. The 
feasibility of the cycle hinges on the long-term behavior of the organic 
working fluid under expected operat*ing conditions. Candidate fluids 
(biphenyl, Dowtherm A, and monoisopropylbiphenyl) are being m- 
vestigated for the AEC by the Philco COT. (Newport Beach, Calif.), 
the Sundstrand Corp. (Rockford, 111.) , and the National Bureau of 
Standards. 

C I  - 
4 

-- d SPACE REACTOR SAFETY 
23 

3 
- As a part of its nuclear safety effort, the AEC conducts t,ests in 
J which space reactcm are subjected to abnormal conditions to deter- 

I n  two such tests, the reactors have been mine the consequences. 
deliberately dest my ed. 
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Sh’APTRAX-2 Test. On January 11, 
1966, a SKAP-1OA type reactor was 
deliberately destroyed at the National 
Reactor Testing Station in Idaho to 
provide kinetic data which would en- 
hance the capability to predict the 
consequences of an accidental nuclear 
excursion of a SXAP reactor. Photo 
above shows the test rig being pushed 
by a shielded locomotive into position 
for  the test (the reactor is corered). 
Photo at Zeft shows the destructive 
excursion; the flash measured about 
30 feet high and 50 feet wide. Photo 
bchw shows the test fitand, which 
was still snhstantially intact although 
the small 8%“ in diameter, 12” long 
keg-shaped reactor had disintegrated. 
The arrow points to place where re- 
actor had been. 
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SNAPTRAN-2 Test 

The year’s principal safety test activity conducted under the SNAP 
reactor safety program was the deliberate destructive test of a 
10A reactor on January 11 at the NRTS, Idaho. This h t ,  mued 
SNAPTRAN-2, Fas a nuclear excursion conducted for the purpose 
of verifying the ability to predict, on a t.heoretica1 basis, the come, 
quences that would follow the accidental excursion of a SNAP reactor, 
The excursion was caused by the insertion of the maximum amount of 
reactivity available in as short a time as could be mechanically con- 
trived. As expected, destruction of the reactor resulted. In a 1964 
SNAPTRAN test,5 a SNAP-IOA reactor blew itself apart in 0.0027 
of a second after a sudden water immersion. 

Core Geometries Study 

While the SNAPTRAN test series has helped improve the pmdictipe 
capability regarding the effects of an accidental excursion and water 
immersion of a SNAP reactor system, the SNAP reactor safety prG 
gram is pursuing another effort at Atomics International which could 
eliminate the problem entirely. To date, this effort has consisted of 
studving various reactor core geometries which, by varying the CON 
length, radius, and/or axial reflector dimensions, would be subcritical 
when immersed in water. Some success has already been achieved, 
and further refinement of this technique is in progress. Study is also 
underway to predict the behavior of SNAP reactor systems in the 
atmospheric re-entry heating regime by means of computer codes. 

6 See  pp. 147-149, “Annual Report to Congress for 1964.” 

Chapter Z 

Rndiokot 
radiation gi 
energy, WPf 
lasting pow 
in space, m 
am paced b 
forms and/ 
(Chapter It 
the work he 
purposes.) 
since they 11 
periods o f t  

SPACE 
POWEF 

The prod 
of isotopic 
practical th 
AEC lcabor: 
-tractors. E 
ing the tec 

to obtain : 
equipment : 
attain prog 
BEG contr, 
systems, in 
required; CI 

mc8 of 4te~l- 
future isoto 

isotope POT 



SNAP 
NAP- 

lrpose 
Conse- 
!actor. 
unt of 
f con- 
1 1964 
0.0027 

Lictive 
water 
T pro- 
could 

Xd of 
3 Core 
<tical 
ieved, 
s also 
n the 
es. 

ISOTOPIC HEAT 
AND POWER 
APPLICAT IO N S 

Radioi6otopes produce h&t by absorbing the kinetic energy of the 
radiation given off by the decay process. The direct use of this thermal 
enera ,  especially by thermoelectric conversion, into steady a.nd long- 
]ding power sources is being developed for a number of applicatioG 
in space, marine, and terrestrial environments. These applications 
am p d  by the development of safe and satisfactory isotopic fuel 
forms and/or containment materials for the intended environment. 
(chapter IO-Isotopic Radiation Applications, summarizes some of 
&e work being done to put the radiation from radioisotopes to useful 
purposes.) A major advantage of most isotopic power systems is that 
since they have no moving parts they can operate unattended for long 
periods of time. 

SPACE RADIOISOTOPE 
POWER SYSTEMS 

The production of isotopes, the characterization and fabrication 
of isotopic fuel forms, and the research and development leading to 
practical thermoelectric generabr applications involves a number of 
AEC laboratories and production facilities as well as industrial con- 
tractors. Since February 1966, Sandia Laboratory has been provid- 
ing the technical direction for the rapidly expanding space radiu- 
isotope power program. This arrangement was deemed necessary 
to obtain adequate personnel strength with access to appropriab 
equipment and facilities so as to increase the effectiveness of efforts to 
attain program objectives. This includes guidance of the acti6ties of 
U C  contraictors engaged in the development of space isutog power 
p k m s ,  including independent systems and components teskhg as 
required; conduct of w m  in-house technology work; and perform- 
a m  of technical evaluation studies related to immediate or potential 
future isotope space systems requirements. 

201 
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GENERATOR DEVELOPMENT 

Radioisotope-powered systems are small in size, low in Weight, and 
operate independently of the space mission's sun and shade Cycle. 
Thus, they can seme as essential space power sources, replacing solsr 
CBUs-the other main long-life space power technology-h those mis- 
sions for which solar cells are not as well suited. Table 1 summa&% 
t h e  status of most generator development, programs udertalren date. 

TABLE l.--SNAP ISOTOPIC POWER SYSTEMS FOR SPACE 

Prlme 
contractor 

Martin Co,. 

Martin Co-. 

Uartin Co-. 

Martin Co-. 

General 
Electric. 

Martin Co. 

- 
lectric 
fower 
Katts; 

2 7  

25 

25 

30 

A0 

500 

Application 

Xavigational eatel- 
lites (DOD). 

~avigational 
satellites (DOD) 

Moon probe 
(NASA). 

Vimbus-B weather 
satellite (NASA) 
(Launch sched- 
uled for late 1967. 

power units will 
beused in a 
mission.) 

Apollo Lunar Bur- 
face Experiment 
Package 
(ALSEP) 

27 will provide 
power for experi- 
men ts placsd on 
the moon by 
early Apollo 
astronauts.) 

Possible manned 
and unmanned 
space applications 
(DOD and 
NASA). 

Two SNAP-19 

(NASA) (SNAP- 

Unit I . 
design 

life 
Status - 

Unit launched June 1~ 
Still OWrnting h orbjt, 
bat quantitative p e r b .  
a n W  data not ava&ble. 

Linib launched in &pt. and 
Dec. 1983 are still operetfng 
but at a lower power leva 

First tnelhg of a generatot 
viith curium 242 a w m -  
pmhed in J ~ Y .  In Oct., 
fueled unit completed 00- 
day test under simulated 
lunar conditions. T e a  
of two electrically hated 
generators will ample& 
planned SNAP-11 work 

Electrically heated systm 
undergoing compatibw 

spacecrsft. Two proto. 
type fueled generators 
tested to fight system 
qualUication levels. 

testing with Nimbm-B 

Electrially hated a g i -  
neering generaton p l d  
on test. Electrically 
heated prototype system 
undergoing compatibby 
testing with ALSEP 
hardware. 

Detailed design and nub- 
components developwt 
Initiated. 

8NAP-19. 
cussed by S 
Glenn T. St 
including 1 
satellites, n 
Sh'hP-19 is 
Xiinbus-B n 
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SNAP Devices in Orbit 

203 

Radioisotope-powered thernioelectric generators (RTG) ha\-e been 
operation in orbit since tlie launch of tlie SSAP-S (Systems for in 

guclear Auxiliary Power) in June of 1961. The SYAP-3 unit, a 
97-1~att RTG, which was first demonstrated in 1959 using polonium 
010 fuel, was modified to operate on plutonium 338 for use on two 
rototfFpe Xavy navigational satellites which vi-ere launched in June P and Sovember 1961. The generator on the satellite launched in June 

(1961) continues t o  provide pom-er intermittent1~- to the satellite after 
fire years in orbit. Qualitatire prformance of the unit is still being 

by the tracking stations. Howel-er, a failure in the satel- 
lite's telemetry system makes acquisition of quantitative data on the 

.J. 
A 

KxAP-19. Radioisotopic generators such as the SSAP-19, shown being dis- 
cussed by Sandia Corp. Yive-President G. A. Fowler, left, and AEC Chairman 
Glenn T. Seaborg, will provide electrical power for  a variety of space Tehicles, 
including lunar missions, space probes, communications and meteorological 
SatellitPS, manned spacecraft, and other space systems. The plutonium-fueled 
p~-~p-19  is designed to provide electrical power to the experiments on board the 
x i l I h S - B  weather satellite scheduled to be launched in late 1967. 



204 ISOTOPIC HEAT AND POWER APPLICATIONS 

performance of the generator unavailable. (The satellite launcilod 
in Kovember (1961) operated only until June  1962, when it stopped 

.’> 
transmitting, apparently as a result of a capacitor short ing-oM 

These successful flight tests of experimental RTG‘s led to the init; 
ation of t.he SNL4P-9A program to develop a %-watt. RTG for tile 
Navy’s prototpe operational navigation satellites. sxA4P-9A lva 
the first isotoljic power system developed for a specific space apI,l* 
cation. The first SKAP-SA was successfully launched in September 
1963, and a second was placed in orbit. in December 1963. These still, 
operational power systems provided all the power required by tIte 
satellites for the functional life of the satellite components. I n  +ril 
1964, a third launch with a SXAP-9-4 unit aboard failed t o  achieve 
orbit because of a launch error. 

1- 

Isotope Space Systems Development 

SNAP-II. The SNAP-11 program is being brought to a close. It 
was initiated in 1962 to produce-an RTG and associated power con- 
ditioning equipment for K’,4SA?s soft lunar landing mission space- 
craft. The SKAP-11 was to  supplement the prime power murw 
(solar cells) during the lunar night Then solar energy is unavailable. 
Under these conditions, the system could have produced 20 watts(e), 
However, because of a re-direction of the NASA program, SKAP-11 is 
no longer required and has been placed on tests aimed at, gatshering dah 
to evaluate performance under simulated lunar operational conditions, 

A SNAP-11 thermoelectric generator was delivered to the Oak 
Ridge National Laboratory (ORNL) in June 1966 for electrical sys- 
tem tests and subsequent use in a curium 242 fueling demonstration. 
After this electrically heated generator had successfully passed envi- 
ronmental testing under simulated lunar day and lunar night condi- 
tions, its fueling with the largest amount of the radioisotope curium 
842 ever assembled was accomplished in July. A 90-day test of this 
fueled unit under simulated lunar conditions was successfully com- 
pleted in October. Two more electrically heated SNAP-11 generators 
have been assembled and plans call for delivering them to the Jet 
Propulsion Laboratory (Pasadena, Calif .) and NASA-Manned Space- 
craft Center, Houston, Tes. The electrical testing of these generatan 
will complete the planned SNAP-11 work. 

SSAP-19, the next isotope power system scheduled t o h  
flown-in late 19674s  designed to prop-ide approximately 50 vatts 
of electrical power to the experiments on board the Nimbus-B weather 
satellite, while about 200 watts will be provided by the sateIIite’s 1argB 

SNAP-] 9. 

See PP. 2, 65-66, “Annual Report t o  Congress for 1981” and pp. 9, 178-180, *‘dnnu81 
Report t o  Congress for 1962.” 
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solar cell paddles. Two prototype SNAP-I9 generators were ther- 

lly tested aboard a Itu’imbus-B weather satellite mockup in June, Jpa 
TGS work is being performed by the Martin Co., Baltimore, Md, 
p&-ninary system marriage tests were also conducted at General 
Electric‘s Missile and Space Division, Valley Forge, Pa., using the 
flound support test console, DC to DC converters, telemetry condi- 
Eoning unit, and two SNAP-19 generators each producing approxi- 

30 watts( e). The plutonium 238-fueled ground prototype 

It is planned that a plutonium-fueled SNAP-27 radie 
s9 

isotope thermoelectric generator will be placed on the moon by U.S. 
clstronauts during an early Apollo mission to provide 50 watts(e) of 
omer to an Apollo Lunar Surface Experiment Package (ALSEP) P 

for UP to one year after the astronauts’ departure. There are several 
unique features about the SNAP-27/ALSEP program. There is no 
&sr type power supply planned as a backup to the isotope generator. 
fie generator is designed so that the fuel capsule can be inserted after 
it is placed on the moon. The planned use of a beryllium housing 

provide an increased electrical power-to-generator weight ratio 
Over previous generators. 

stern has successfully completed flight qualification testing. 
SNAP-27. 

&om Unit. The Sh’AP-27/ALSEP (Apollo Lunar Surface Experiment Pack- 
age) application is shown in the above drawing. It is  planned that the SNAP-27 
‘in foreground) will be placed on the moon by astronauts during an early Apollo 
mission to provide pon.er to the experiment package for up to one year after the 
men return to earth. General Electric €0.  (prime), with Minnesota Mining 
and Ilanufacturing Co., and the Solar Division of International Barnester 0, 

the major contractor team for the SNAP-27 system development. 
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The Missile and Space Division, General Electric Co., TTa,lley por 
Pa., is the project contractor, mith the hfiiiiiesota Mining and hfanu 
facturing CO. (3M), St. Paul, Minn., and the Solar DiJ-ision of I ~ ~ , :  
national Harvester Go., San Diego, Calif., the major 
for the SNA4P-27 system. 

Final design of the engineering generators vas completed duzino 
the pear, and hardvare procurement and manufacturing was b i t i a g  
Models of the complete SKAP-27 system-which included the genep: 
ator, fuel capsule, lunar escnrsion module shipping cask, and PoRer 
conditioning unit-were delivered to NASA4 in J anuaq  for s y s h  
corn-patibility studies. I n  October, the first electridly heated enRi- 
neering generators were placed on test. and are performing sa& 
factorily. Thermal test generator system mochps were delivered in 
Kovember, and a prototype electrically heated system will be delivered 
in early 196'7) to NASAi's Manned Spcecraft Center in Houston for 
system compatibility testing with the ALSEP hardware. 

SNAP-29. SNAP-29 is a radioisotope thermoelectric generator db 
signed to provide a nominal power output of 500 n-atts( e) for 144 day% 
with a total system weight of about 500 pounds. Hekzt is generated in 
the fuel source by the radioactive decay of polonium 210 ( Po210) which 
is contained in about 30 fuel capsules. These capsules are instdled in 
a flat plate fuel block which allows a large surface to be used to radiate 
the isotopic-produced heat to a bank of thermoelectric elements m.hiph, 
in turn, convert a portion of the heat to electrical power. The x a ~ e  
heat at the cold side of the thermoelectric modules is delivered to a 
space radiator by a. sodium-potassium (NaK) coolant loop. A thermal 
control subsystem, necessary to maintain a constant temperature on the 
thermoelectrics over the life of the mission, dumps the excess heat 
generated by the short (138 days) half-life of Po2l0 during the earls 
part of its use. 

The Martin Co. was selected to perform the development work and 
is currently in the detailed design and subcomponents development 
phase of the program which is expected to lead into generator fabrica- 
tion and life testing of qualified units during 1969. 

.& 

cn 
0 0 ADVANCED SPACE SYSTEMS 
e&? 

a I n  addition to the development of the s-ystems listed in Table 1, the 
AEC is also conducting a number of studies on the use of isotopic 
poxer systems for both manned and unmanned space missions. 

250-Watt Generator Studies 

designing long-lived 250-watt (e) radioisotope thermoelectric 
Advanced studies have been started to determine the feasibility of 
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tors-fueled with either plutonium 238 or strontium 9O-which ern ,,.oflid be capable of controlled re-entry into the earth's atniospliere 
ir.orn orbit in an intact condition. The re-entry of such intact genera- 

'$ sould be carefully controlled : they would bemade to impact. safely 
tO1- 
in  cjep ocean water or, possibly, to iiiipact in N pre-selected landing re- 
,rioIl SO that? their isotopic fuel material could be recovered and either 
Le disposed of or salvaged for re-use. The Missile and Space Dil-ision, 
fienerd Electric (Valley Forge, Pa.), Lockheed Missiles and Space 
+ln~lyvale, Calif.) , and Martin companies hare completed parallel 

(L 6.010ntll studies of such a system. Tliese design studies will be used 
;rS l, basis for possible follow-on work in the event that DOD satellites 
Muire long-lived radioisotope-powered generators for practical op- 
eration in the few hundred watt poKer range. Liaison is also being 
n,aintained i&h X-\SA for possible application of this type of gen- 
,mior (using PU"~) aboard the unmanned Toyager interplanetary 

P spacecraft, as well as orbital missions. 

Isotope Thermionic Module Development. 

The isotope thermionic module development program was initiated 
in June 1966 for the development of a lOO-vi-a.tt(e) module which, 
ringlv - "  or in multiples, may be used to  meet potential space applica- 
tions. The first phase of the program, being conducted by the Gen- 

Electric Co.'s Missile and Space Division (Valley Forge, Pa.), 
includes a detailed module design and safety study based on'the use 
of both curium 244 and polonium 210 isotope fuels. The program 
ghedule d l  be paced by heat source technology which will allow 
long-term operation at thermionic emission temperatures (up to 
-? 3 000" C.) . Current thermionic converter technolo-gy indicates lighter 
veight and more e.fKcient isotope power systems should be attainable. 

Thermal insufution projects. Three projects were inihiated in 1966 
to improve thermal insulation in radioisotope generators. The three 
contractors, each working in a different specialized m a ,  are : Johns- 
Xanrille (Slandle ,  N.J.) , working on fibrous insulations to be used 
at  temperatures up  to 1,800" F.; Linde Div. of Union Carbide Corp. 
[Tonawanda, X.Y.) , working on evacuated foil insulations for the 
same temperature range ; and Thermo-Electron Engineering Cop.  
iKaltham, Mass.), working on the development of evacuated foil in- 
dat>ions for temperatww of 1,800 to 3,000" I?., primarily for 
thermionic sp-plic a. t' ions. 

Therniionic conrersion : In thermionic conversion, t w o  metals of Werent energy are 
Placed in close prosimity with a vacuum or an ionized medium between. The high-energy 
material Is heated and the electrons which "boa off" its surface are collected by the cooler 
1uF-energF material, creating a flow of electricity. 

I; i! :? 3 '  - I t - L  
240-67s-67-15 
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STATJC POWER CONVERSION TECHNOLOGY 

Thermoelectric Technology Development 

Comp a ct thermoelectric module develop m e R t lJTestinghouse E~~~~ 
tric Gorp’s Astronuclear Laboratory (Pi t~bUrgh,  Pa.) and the Radio 
Corporatian of America (Ei;i.rrison, N. J.) are Torking on soIutiorls tr, 
thermoelectric materials and module fabrication problems under 
compact thermoelectric module development program. Each 
pany is developing a converter which is based on a different maula,  
concept. The Westinghouse concept is a mid-free tubular stmctuR 
containing lead telluride thermocouples, while the RCA concept uw 
silicon-germanium thermocouples. During 1966, technical problems 
were studied through tests of thermoelectric elements in their potential 
operating environment. 
applications, with either radioisotopes or reactors ss the heat source, 
to produce 1 to  20 electrical kilowatts. 

ISOTEC. The ISOTEC (Isotope Thermoelectric Converter) project 
at hhe General Atomic Division of General Dynamics Corp. (sari 
Diego, Calif.) employs thermal radiation coupling between an isotope 
heat source and lightweight, flat-plate thermoelectric panels that sur- 
round the heat source. Life testing of 2-couple modules has SUC=S,E- 

fully passed 10,000 hours and 18-couple panels have gone beyond 1,500 
hours. System calculations based on heat sources developed under 
SNAP programs promise power-to-weight ratios of greater than two 
wntts per pound within present heat source temperature capabilities. 

The objective of the direct 
radiating thermoelectric program, being conducted a t  Atomics In- 
ternational (Canoga Park, Calif.) with Radio Corp. of America as 
principal subcontractor, is to upgrade the thermoelectric technolw 
used in the SNAP-1OA space reactor so that higher efficiencies can be 
achieved with the SNAP-8 space reactor or with radioisotopes. The 
program to date has been emphasizing metallurgy and bond develop- 
ment and stack and structural development. Life tests of two-couple 
and eight-couple modules have been initiated. 

Both converters will be designed for 

Direct radiating thermoelectric work. 
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ISOTOPIC THRUSTER PROPULSION f 
3 

= 

Isotopic thrusters use the thermal energy produced by the decay 
encapsulated radioisotope to heat a propellant, which is ex- 

sted through a rocket nozzle to produce thrust. These thrusters 
~~~ provide relatively low thrust (one-millionth to one-tenth of a 
I”U”d) at high specific impulse (200-800 seconds depending on pro- 

and radioisotope-f ueled-capsule temperature capabi1it;r. 

Thruster Classes Studied 

TWO classes of radioisotope-heated thrusters mere under investi- 

Hjgh-thrmt type. One class is a relatively high-thrust, high-per- 
fomance, short-lived thruster suitable for primary stage propulsion 
,pplications. Such a thruster requires the use of hydrogen as a 
,pliant, capsule temperatures greater than 2,OOOO C .  (3,632” F.), 

dioisotope thermal power in the range of 15 kilolratts, and thrust 
level of about one-fourth pound. Subsequent to the cooperative Air 
F~W-~~EC’S limited ground test of this class of t.hruster in February 
+%5, the AEC has continued programs aimed primarily at establishing 
be radioisotope fuel form and capsule technology necessary for this 
hi& temperature service. 

lower-thrust type. The second class beiig studied is a lower-thrust, 
moderate-performance, long-lived thruster suitable for spacecraft at- 
titude control functions. These thrusters, using ammonia as a pro- 
plant and near-at-hand l , l O O o  C. (2,012’ F.) capsule technology, 

provide specific impulses in the range of 250 seconds with thrvst 
levels of 10 to 100 millipounds for thruster weights on the order of 
three pounds. Furthermore, these thrusters are simple, low-pressure, 
monopropellant systems and require no external power or thermal 
controls. While no specific system requirements have yet been identi- 
fied, both the NASA’s Goddard Space Flight Center (Greenbelt, &Id.) 
ad the Air Force’s Rocket Propulsion Laboratory (Edwards Air 
Fom Base, Calif.) have established cooperative programs with the 
U3C which include ground tests of radioisotope-fueled thrusters. 
Mdard‘s promethium-fueled thruster completed a one month test 
?mepun at the AEC’s thruster test, facility at Mound Laboratory in 
arly December 1966, and the Air Force’s plutonium-fueled thruster 
Zxhduled for testing in January 1967. 
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SPACE ISOTOPE SYSTEMS SAFETY 

The major flight safety research and development effort during l!tr;i. 
1 was givcii to defining the response of radioisotope fuel to re-elltm 

environments. 
other en.t-iromlents, such as  vibration, iiiipact? and p”rWlleniiai! - ah,j 

radioisotope fuel capsule impact and burial phenomena, systel, 6 p ~ -  01, 

Fundamental safety studies m-ere conducted by the Sun& cor.) 

spollses to propellant fires and explosions, re-entry ~ ~ h e ~ ~ c , n i e ~ ~ a ,  Utllrr; 

plleic dispersion of particles, and terrestrial contamiliation problercL, 
associated n-ith radioisotope fuels. 

The L7.S. Na~--al Radiological Defense Laboratorj, Sail Diego, calif,* 
under AEC sponsorship, initiated a program t 0 test, radioisotqIe fuel,, 
capsule materials, and capsule configurations in the ocetCil in order. t,. 
obtain data on the response of fuels and materials in the 1113rilI,- 

environment. 

TERRESTRIAL 
b AND MARINE SYSTEMS 

During the past five years, radioisotope-fueled thermoelectric 
syste.ms have demonstrated their capability to operate Un&tten&d in 
remote locatioiis for long periods. Their success has led to derelnp. 
ment effort on an advanced series of units for a. variety of otllpr 

applications. 

POWER SYSTEMS 

A series of first-generation isotope power systems using strontium 
fuel have been developed under t.he AEC‘s SXA4P-? program and 
tested in a variety uf terrestrial and marine environnients. Thw 
prototype systems hare clearly demonstrated the feasibility of de- 
veloping long-l ii-ed energy sources capable of unattended operat ioo 
in remote areas of the world. 

c‘; 
7 -I 

T‘I- Advanced Systems 
a 
1> 
x Csing the basic technology developed under this propam, the dEC 
c. is developing a n  advanced series of economically competitire isotoi* 

poxer systems for a variety of deepsea (SKAP-21) and terrestrial 
(SXAP-23) uses. In addition, millin-att (a thousandth of a mtt 
pvi-er sFstenis using plutonium 238 as the heat source are being de 

Nuclear Cardiac 
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)f a watt 
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ed under the SNAP-15 program for specialized communications ,d@P 
:I1 ,n 
0 t l  ler applications are being found with increasing frequency for 

versatile low-power isotope-fueled devices-to light airport mn-  
[ll@ 

.s to detect earth moTJements, to power ocean-bottom instruments, 
g.:q f 
, -t, to name a few. The ,4EC is working closely v-it11 potent.ia1 ~isers 
) (13 
f nceallograpliers, instrument makers, the oil iiidustrj-, etc.) to deter- 
\ ‘ne the specific areas of their interest. and to cierelop the  technoloa 
Pl’ One such clei-elopment, effort 

for early initiation is to meet potential user requirements for 
jeepsea, and land-based isotope power systems in the 1 to I O  electri- 

control applications. 

n-ill be responsive to  their needs. 

PIL 

ti% 1 kilowatt range. 
In addition to the developmental isotope-fueled generators for ter- 

,pstrial and oc~nograpl i ic  applications shown in Table 2, the AEC 
i, also developing an isotope-fueled derice designed for a unique 
,pp]ication, such as the nuclear cardiac “pacemaker.‘? 

Nuclear Cardiac ’‘PacemakeP 

studies sponsored by the Sational Heart, Institute, Bethesda, Md., 
;incl Sewark Beth Israel Hospital, Kewark, S.J., indicated the po- 
[entin] usefulness of radioisotopes as ail energy source for a cardiac 
-pcemalier,“ a device wliicli T o d d  be used to stimulate the pulsing 
action of a nialfunctioning heart. A41tlio~igli the medical profession 

currently implanting battery-pom-ered “pacemakers” in certain 
llenfi patients, these devices require frequent replacement because 
[jieir batteries are short-lived. 

The completely self-contained radioisotope-powered lieart pacer, 
~hich the Kuclear Materials and Equipment Gorp. (XUMEC) of 
.4pollo, Pa., is developing under contract to the AEC, is to 1m-e a mini- 
mum life span of 10 p u s ,  thus requiring less frequent surgery for khe 
patient. It. is to have a power level in the 30 to 100 microwa.tt range 
and  ill use plutonium E138 as the heat source. About 21 months 
(May 1966-Feb. 1968) will be required to  develop such a device, after 
ahich it will be exhausti~-ely tested for performance and endurance in 
animals. The first device is not expected to be available for surgical 
implantment in humans for about three to five years. Cooperating 
K i t h  the AEC in the technical management of this program, and in 
subsequent testing programs, are the Kational Institutes of Health and 
the Xatianal Heart Institute, Betlicscia? bId., ancl the Sewark Eeth 
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TABLE 2.-TERRESTRIAL AND MARINE ISOTOPE-FUELE~ 
GENERATORS 

Designation 

Undesignated 
(SENTRY) 

BNAP-iA--.- 

SNAP-iB---- 

SNAP-7C---- 

SNAP-7D---- 

SNAP-;E--_ - 

SNAP-iF---- 

SNAP-15----. 

SNAP-21,---. 

S PU'AP-23---. 

Prime 
Contractor 

Martin C o - .  

Martin Co- .  

Martin Co-. 

Martin Co- 

Martin co- 

Martin co -  

Martin c o -  

General 
Atomic. 

Minnesota 
Mining & 
Mk. 

Under 
Select ion. 

~ 

Use and User 

Remote weather 
station (Wea- 
ther Bureau). 

Light buoy 
(Coast Guard). 

Land light 
(Coast Guard). 

Automatic wea- 
ther station 
(Naoy). 

Floating weather 
station (Navy). 

Undersea acoustic 
beacon (Nary). 

Offshore oil rig 
(Phillips Petro- 
leum Co.) 

Small electronic 
apparatus 
(Develop- 
mental). 

Advanced deep- 
sea (General 
purpose Ocean- 
ographic Navy 
Application). 

Advanced terres- 
trial (Develop- 
mental). 

'owe1 
Natts 

- 
5 

10 

60 

1( 

6C 

8 

61 

0.00 

10-61 

25-10 

)esign 
Life 
Years 
- 

2 

2-5 

2-5 

2-5 

2-5 

2 

2-5 

I 

I 

1( 

Remarts 

---l [nstalled Aug. 1961 on uninh,bl+ 
Axel Heiberg Island, Ca 
Removed Oct. 1%- % 
problems with n o n - & z u s e  t! 

Orage h n d %  
ment. X o w  in st 
determination as future use 

h d e r  test a t  Curtis B ~ ~ ,  ii 
facility until August 1866 d., 

>rovided completely relhhl . 
was removed for examination %n 0 

to beacon inBaltimore harhorlkhi. e btr& 

house from May 1964 t~ dprU 1 ~ ,  
Installed August 1966 on 08sb& 

%b 
oil rig in Gulf of Mexico to 
defective SNAP-iF generator. 

Installed February 1% near ~ ~ f c  

MWdo Sound, htarctim. elm 
operating. 

Lnstalled January 1964 in h'olfAD 
weather station moored in Q~~~ al 
Mexico. Has operated withaUt 
difficulty or maintenance tbwb 
major hurricanes, and continues ~ 

function exceptionally well. 
Lnstalled July 1964 under i5,m 

of Atlantic Ocean water off &r- 
muda where it is s u c ~ e ~ f u ~ y  
powering a Navy acoustic -. 
in Gulf of Mexico. Remore 
October 1965 due to swellha of 

shield container which CSUW 
short in thermoelectric system. EX. 
tensive tests underway to dew. 
mine cause of swelling. P r e h c  
nary evaluation indicates 
uranium-hydride reaction, result. 
ing from the presence of warn 
adjacent to the shield, to k m  
caused this swelling. 

Fabrication and testing of develop 
mental systems in progress. De 
livery of first prototype System 
scheduled for early 1967. 

F O ~  l&watt and two 20-watt m&b 
under development. All units 
be delivered to AEC for e.n'hn- 
mental testing by June 30,1969. 

Development of high performance 
thermoelectric modules initkitdin 
FY iw; complete system develop 
merit scheduled for initiation ic 
F Y  1967. 

Installed June 1965 on offshore on 

1%- 

T 
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rile thermal energy generated as radioisotopes decay varies from 
jsdoPe to imbpe as do the $hazardous neutron, gamma, and beta 
fl,djntions. Thus, the use of this heat energy is, to a. large exknt, 
irn;td by the amount and weight of shielding needed to reduce the 1 

,distiOn, especially the highly penetrating gamma rays, to below- 
hi,znrdous levels. 

Swimsuit Heater 

Further progress has beein made at Mound Laboratory tuward de- 
s ip@ and fabricating a 400-matt pluhnium 238 swimsuit hmter 
in mpratjiun with the Nary. Its function is to  keep swimmers warm 
bJq restoring M y  heat lost to the water in underwater operations. 
hs of body heah is one of the principal dangers to swimmers exposed 
for periods greater than one hour. The unit heats a fluid which in 
turn is pumped though vein-like tubes in the swimmer's suit. Such 
~t will permit longer work ltirne underwater, thus increasing man's 

The unit is to be compleked in 1967 for a manned test operation. 
in undersea operations. 

Battery Heaters 

Progress has been made in the study of radioisotope heaters for 
maintaining the operating temperature of electric storage :batteries. 
The radioisotopic heat source will be capable of supplying about 10 
mtts of thermal energy to a battery. The AEC is providing consulta- 
tion and assistance to the US. Army's Picatinny A4rsen&l, Dover, 
K.cJ., for this project. 

ISOTOPIC FUELS 
The stringent operational and safety requirements imposed on 

isotope-fueled devices used for power conversion and heat utilization 
necessitate vigorous development. and test efforts to establish the 
characteristics and behavior of the isotopic fuel forms in the intended 
enrironment. 

FUEL FORMS DEVELOPMENT 
Bctivities associated Kith the development of isotopic power fuels 

include: ( a )  selection and determination of chemical and physical 
properties (characterization), of specific fuel forms and capsule ma- 
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terials ; (b) studies of fuel interaction with col1tainment nlntePial 
( e )  deT--elopment of isotope processing and fuel source Inanuf? 
facilities and tecliniques ; and ( d )  manufactllring of p r o t q D ,  cturil,, (.,; 
capsulated fuel sources. Power sources hare been fabricated usilrg - 

forms of curium 244 and cobalt 60 is under\yy. In addition, c.eriutll 
144, cesium 137, thulium 170 and 171, and krjpton 85 are Ull{fpp 

coilsideration as caiididate heat sources. 

metal or compounds of plutonium 233, poloniun? 210, cuyiuln ,,~., IC 

promethium 147, and stroiltiurn 90 ; development of encapsulated fu;; h 

f 
s 

D 

- Life Support Systent. Photo abort 
shows the isotopic-powered life sup 
port Rystem-a water reprw.;inE 
unit for a manned spacecraft* Kith 
capacity to recover I5 pounds per d v  
of drinkable water from urine, msh- 
mtter, and condensate-built duriuz 
the Year br General Electric CV. '~  
Space Technologr Center near Phila- 
delphia, Pa., f o r  the C.S. Air Fore- 

*".lt Si?iR,lO(l  Drawing a t  Icft, shows the major 
components of the system escrpt fiJr 
the four plutonium 23s sources n-blt'b 

would provide a total of 280 ) T a m  of 
heat for the evaporator and I T ~ O ~ F S ~ ~  

units. The feasibility of the system was ,tested during the year a t  the hEC'*' 
Wmnd Laboratory where the plntonium 23s heat sources nyre fabficattPr1. 

< *  

23 
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pl.(lcess teclinology for the production of a satisfactory plutonium 
d;;? fuel form has been developed at the AECs Mound Laboratory. 
" fuel form has been characterized and found suitable for ?'he 

licntion to space electric power systems. Attention has been 

, l l ic~~ include a favorable half-life (87.5 years), relative inertness, 
,,,bgity, high illelting point, and ease of production, handling, and 
,nc;lpsulation. Containment materials have been selected on the basis 

o,,lpatibility experiments. Heat sources for support. of programs of c 
[,f llt&mal interest, such as in defense, health and oceanography will 
be flle]ed with the metal or coinpound of plutonium 236. 

It appears that the overall demand for plutonium 238 will exceed 
tile for the isotope in  the near future. Hence, efforts are under- 
aayF to: ( a )  use loT\-er grade plutonium 3% material; (6) increase 
he rate of recovery of plutonium 238 scrap generated in the fuel 
@urce rnanuf acturing lines ; and ( e )  explore alternative isotopic fuels 

NPP iirected specifically to the attractive properties of this plutonium fuel, 
1 

LS curium 244. 

polonium 210 

polonium 210 (half-life of 138 days) is a radioisotopic power 
material applicable for short missions that demand a high specific 
gtivity and a minimum of shielding. Poloniuni compounds that ex- 
hibit high t.hermal stability under high vacuum or in an inert atmos- 
phere are being studied at  Mound Laboratory. These compounds 
hare been dispersed in refractory materials which provide sufficient 
void volume to accommodate the helium gas decay product, and are 
more easily handled in larger quantities than polonium metal which 
has a low melting point and tends to migrate due to self-heating. 
Fuiidaniental studies hare provided a better understanding of fuel 
form properties and of encapsulation materials. A 3-year program 
hiis been initiated a t  Mound Laboratory to develop and provide a 
prototype polonium 210 fuel source for a Department of Defense 
space auxiliary electric power system. 

Curium 242 and 244 

Curiuni 2-14 lias the unique conibiiiation of R reasonably high specific 
thema1 activity, a relatively long half-life ( 18.4 yeais)? and the avail- 
ability of a high melting point conipound (approximately 2,OOOO C.) . 
These characteristics make it extremely desirable as an isotopic power 
fuel. However, shieldiiig from the neutron radiation will present a 
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serious problem. M%ereas polonium and plutonium fuel forms ha\-, 
been established and characterized, the curium 244 program ila . 
been initiated a t  Oak Ridge R’ational Laboratory (ORSL) , alld 11,11~, Just 
work needs to be done to produce and characterize the fuel fo,,,, alld I ?  

to establish the fuel-liner compatibility and source mai~~lfactul.i,,tp 
techniques. The 4.5 kilo,orams of curium 244 expected to be a ~ ~ i l a ~ , ~  
from Sarannah River starting in October 1967 n-ill be used to , - J ~ ~ ~ ~ ~ ~  

applica- fuel fomls for thermionic, therinoelwt ric, and microthruster 
tiom.3 Although the less easily produced curium 244 isotoDe lvill 
ultima.tely be used for space missions, valuable experience 1las 
gained in working with the shorter half-life (163 days) curium 2e 
SufEcient curium 242 was produced a t  ORNL during 1966 to fuel devel * 

opmenrtal thermionic and thermoelectric generators and to test titi 
operation of the former under simulated lunar day and 1tuiar llipbt 
environmental conditions (see previous ‘‘SKA4P-11’‘ surnniaq 

Pronzctkium 147 Fuel Source. The technology for prcxlessing pron~ethium 147 
(2.5-gear half-life) to an oxide fuel form has been attained at the Pacific 
Sorthwest Laboratory which is operated for the AEC by Battelle Jieluorisl 
Institute. The isotopic heat source will be used in a 6O-\\--att (thermal) micro- 
thruster designed for XASA by General Electric’s Space Power and Propulsion 

L - I  Section at Cincinnati, Ohio. At Zeft atoce, a quarter indicates the approsimntp 
size of the 60-n.att, rhenium-clad, promethium 147 heat source. At right, the 
heat source glows from self-generated heat while being held in a racuum. 

a Thermionic current is an electric current caused by directed movements of charged 
Partkles (electrons. ions) emitted bF an incandescent substance. ThlerntoeEectririW 1. a 

u’ current Produced by the direct action of heat, as by the unequal heating of a circuit corn- 
posed of two dissimilar metals. A microthrtteter Is a derice to  provide a relatidl; lttS 
directed reaction force produced as by a hot jet of gas discharged from a nozzle Or orifice 
as in a rocket. 

1 .  - 
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Mclniques required for the effective sepi*at ioii of proinethium 
other fission products have been developed a t  Pacific Korth- 

babratorg along with fabrication of a 60-watt (thermal) source 
650w-power space thruster application. Laboratory-type facilities 
‘Or r & U c i n g  this isotope have been placed in operation. The tech- 

for processkg promethium 147 to  the oxide fuel form was for P 
vj&d by studies using samarium as ft stand-in material. 

P?&ectjon of a fuel cladding has been successful for promethiuin 
uioxide ( Pm,03) based on oxide-metal and metal-metal couple 
atibility studies. The quality and chnrncteristics of the source 

tainer following f abrictltion have been successfully deterinined 
Us;@ special ultrasonic techniques. The first application of a prome- 
thium-fueled heat source to provide power for a KASA-sponsored 
microthruster that was designed by General Electric (Space Power 
ad propulsion Section, ancinnat i )  has been coiiipleted. Tlie 60- 
 as^ system was tested at  the Mound Laboratory in late 1966. 

TI16 

1.17 froJn 

flo1og 

strontium 90 

pilot-plant-scale processes for the production of isotopic power fuel 
foms sere  demonstrated during the vear at  Oak Ridge Xatioiid 
bbratory and at the Martin Co.’s QueLanna, Pa., facility with three 
co~pounds of strontium 90 ( SrgO). Notable success was achiei-ed in 
exact dimensioning of fuels and increasing the power density of 
strontium titanate (SrgoTiO,) by densification of the compounds in a 
hot press and step processing. Strontium 90 oxide heat sources were 
successfully made for the first time by hot.-press densification of the 
compound in a thin jacket of platinum metal. The platinum jacket 
protects the reactive strontium oxide from carbon dioxide and mois- 
ture in the air until the sources can be hermetically sealed in welded 
metal capsules. Three 200-watt (32,000 curies each) SrgOO heat 
sources were fabricated to demonstrate the process. Compatibility 
studies using nonradioactive strontium titanate ( SrTiOs), strontium 
fluoride ( SrF,) , strontium oxide (SrO), and strontiuin metal in con- 
tact rrith super alloys at 1,832” F. and refractory metals and alloys a t  
V@” F. identified suitable metals for containment of the fuels for 
more extensive testing. 

Cerium 144 

Isotopic fuel form stucties of cerium 144 (Ce,O,) for  high tem- 
Derature applications were continued at. the Oak Ridge Sational 
r .  
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L_C‘troiitizoiz 90 Sources. Production of strontium 90 heat sources on a pilot-plant- 
scale was demonstrated a t  Oak Ridge National Laboratory during the year. 
Photo on Icft slmw two 32,000-curie sources of strontium ‘30 oxide. Thee 
sources were fabricated by a “hot press” technique using a platinum liner fa 

contain the strontium ‘30 oside during pressing and post examinations of the 
pellets. The pellets contain 533 grams of strontium oxide and about 9; gmm 
of platinuiu : they a re  5.56 cxn in diameter and 3.43 cm in height. The PNW 
density is 1.54 watts/cni3 and the activity concentration is 243 curies/cm3. E m  
under normal lighting the decay heat is so intense tha t  the sources are incande 
cent. Photo a t  r i g h t  shows a strontium 90 heat source shield which ~ 3 9  ma- 
chined from a single uranium casting for use in derelopmeiital work a t  Oi1k 
xational Laboratory by the Paducah Gaseous Diffusion Plant. The contllinrr 
was designed to be used under the sea. Heat froin a strontium 90 s@Urce  could 
be USVd to warm the surrounding water, thereby permitting workers to remain 
beneath the sea for extended periods of time. 
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cesiunl 127 is abundantly available from clieniical processing of 
aioact ive wastes resulting from processing of irradiated nuclear 

f d s .  Hundreds of thousands of curies of cesium 137 ( C P )  in the 
for" of sealed sources of cesium chloride ( C S ~ ~ ~ C ~ )  ha\-e been ut.ilized 

nledical radiation treatments, sterilization of surgical supplies, for 
iIl,justrial radiography, and food irradiation. The application of 
CeS ium 137 as an isotopic power fuel has been hampered by low power 
dens ity, higher radiation shielding requirement, and scarcity of cesium 
,ompounds that exhibit the necessary thermal and radiation stability 

high temperatures. During the year, Oak Ridge National Labora- 
tory studied a number of compounds of cesium having improved prop- 
,&s for high temperature applications. Methods for the synthesis 
,,f one compound--cesium pollucite ( Cs2 * 0A1,O3.4SiO,) -and fuel 
from fabrication were demonstrated using nonradioactive materials. 

Thulium 170 and 171 

The thulium radioisotopes, thulium 170 and thulium 171, have some 
potential advantageous characteristics for application as isotopic 
paver fuels. Thulium 170 with a half-life of 127 days and ft power 
density of about 17 watts/cubic centimeter seems to be a possible 
andidate as a fuel for short-lived space power systems. Thulium 
171 with a half-life of 1.9 years and an extremely low penetrating 
radiation field makes it a possible candidate for biological applica- 
tions. Refractory oxides of the rare earths, such as thulium sesqui- 
oxide (Tmz03) which are stable at high temperatures (about 2,000' C.) 
Mder oxidizing conditions, are known. 

Oak Ridge National Laboratory has completed a study determin- 
ing the effective reactor production mtes of these radionuclides (see 
uSpecial Reactor Products" section in Chapter &Source and Special 
Nuclear Materials). The practical modes of production study is 
being extended to  determine the purity of the products, biological 
shielding requirement, and economic factors relevant to casts of iso- 
topic power fuel forms. Among other things, consideration will be 
given to suitable fuel forms that have good thermal and radiation 
stability for )applications at high temperature; in this connection, the 
M3C has received a proposal from Sanders Nuclear Corp., Nashua, 
K.H., for work in this field. 



chapter 70 

4 primary purpose of the AEC's isotopes program is to develop and 
demonstrate radiation applications of isotopes and radiation tech- 
nology that can be important to the Nation's economy and welfare. 
This is being accomplished through studies on the radiation processing 
of foods, chemicals, and materials and t-he development of isotopic 
GSterns that utilize the various types of radiation (alpha and beta 
;I.ticIes, and gaimia rays) for analytical processes. PL 

ISOTOPIC 
RADIATION 
APPLICATIONS 

RADIATION PROCESSED FOODS 
The Unit& States program for radiation processing of foods has 

distinct, but parallel efforts. The first, under the AEC, has as its 
objective the development of radiation pasteurization techniques by 
dJch the f res11 shelf -life of foods, such as fruits and marine products, 
tall be extended significantly by reducing the spilage rate- The 
second, under the Department of Army, is concentrating on radiation 
steriliza.tion of meats so that they ca held indefinitely at ,room 
temperature. During the year, 15 t bacon were. 
the hrmy at Brookhaven National Laboratory's High Intensity Radia- 
tion Development Laboratory (KIRDL) in the largest ,food irradia- 
tion operation yet done. The HIRDL is the only f lity at which 
such a large-scale project could be undertaken. The Army, with Food 
and Drug Administration approval, has been field testing irradiated 
bacon since 1963. Cobalt 60 and cesium 131 radioisotopes are being 
used as the radiation sources in the AEC effort, while the Army's 
Rsenrch Fork uses cobalt 60 and an electron accelerator. 

22 1 
c 7 i ' n  f: 6 3 '=; 
u ,  . . -  . 
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- 
Bacon Sterilization. During 
year, 15 tons of smoked, but ~ ~ a ; , ~  
bacon was sterilized for the vas+ 
Army by irradiation in the High h- 
tensity Radibation Development btt. 
oratory ( HIRDL 1 at Brookhype 
The Army, in its radiation program, 
has been sterilizing, 'by gamma irradi- 
ation, bacon and other meat pr(durt, 
in small batches for test consunlption 
a t  its food irradiation facility at 
Satick, Mass. ; however, H I R D L  is the 
only existing facility where the first 
such large scale processing of a perish- 
able food could be done under the - 
quired stringent specifications for tern- 
perature, uniformity of exposure, rp 
tention time in the radiation field, and 
other criteria. Photo above shows #e 
irradiation process being monitored 

through a heavy lead glass window. Photo at left shows a fully-loaded working 
plaque of cobalt 60 murc'ces in the HIRDL irradiation Cell. Photo bebm Shows 
a erne of me bmn which was packed in one-pound cans and kept under refrig- 
eration before being irradiated ; after the irradiation, it Can be kept indefinitely 
without refrigeration. 

c . 
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STATUS OF CURRENT RESEARCH 
earth results from work under tlie AEC program continue to 

optimistic outlook for the use of radiation for  commercial 
w of several kinds of fresh fish and fruits. The ultiniate 

ercdization of these processes, however, depends upon clear- 
e@ of such foods for human consumption by the Food and Drug 
kwinidration (FDA). Efficacy studies on six species of fish, peti- 
ijoned to the FDA in Septenlber 1965, were completed by the end of 
s,,rembr 1966. It is anticipated thatJ some decisions on the clearance 

e or more of the fish-eod, flounder, haddock, ocean perch, pol- o€ on Is&, and sole will be made in 196'7. A significant step during the past 
was the submission to the FDA4 of a petition for clearance of radi- 

don processed strawberries in May. Irradiation processing gives 
the h i t  a two-meek shelf-life, generally double that of unprocessed 
m&mies. 

R.es 

p e ? ,  

* 

Fish Studies Expanded 

During the past year, investigations on radiation processing of 
f&, Thich had pel-iously been on a laboratory scale, were expanded 

include the effects of commercial handling, shipping, and storing. 
Raddock fillets were commercially packed, given a dose of 250,000 
rt7d of radiation, packed in ice along with suitable unirradiated con- 
trols, and shipped from Gloucester, Mass., to Seattle, Wash., for el-ah- 
ation. The irradiated fish had a 17-day storage life while the non- 
iradiated controls were acceptable up to  11 days. These tests are nom 
being expanded in conjunction with the fish industry. Currently, 10 
large food chains-with over 8,000 retail outlets-are participating in 
this evaluation program through use of their shipping and storage 
facilities. 

New Technique for Fruit 

Textural damage caused by tlie levels of radiation required for 
effective rot and mold control has been a major problem in the irradi- 
%tion of many soft fruits-for example, peaches and nectarines. Re- 
rent work has demonstrated that a combination hot-water dip plus 

radiation dose one-half of that, previously required to do the job 
jields equally effective control without textural damage. This new 
technique is iiiiportant because it will permit, an extended shelf-life 
due to reduction in spoilage for these relatively expensive foods. 
ho the r  technique recently applied to table-quality cherries is the 
U s e  of a calcium chloride dip prior to irradiation. Unfortunately, 

240-67&67-1G 5 b 0 4 9 q r  
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Pasteurized Strawberries and pkh. 
h'ormally, strawberries can be kept in 
storage from 'i to 10 days before they 
begin to spoil. After being msteur. 
ized by irradiation, their shelf-life is 
extended to about 2 weeks--an 
nomic factor of interest to fruit mar. 
lieters since it doubles their store 
shelf-life. In photo above, the fresh. 
appearing strawberries on the right 
were processed with 200,000 rclds (m 
KR) of cobalt 60 gamma irradiation 
at the  University of California's 
Davis campus ; the moldy fruit on the 
left  was not irradiated. During May. 
the AEC submitted a petition to the 
U.S. Food and Drug Administration 
(FDA) for approval of commercial 
sale of irradiation-processed straw 
berries. The process does not make 
the strawberries radioactive, nor dm 
it detract from their  taste. At left9 a 

Eureau of Commercial Fisheries, Gloucester, Mass., technician compares samples 
of cooked pollock-one sample preserved by irradiation, the other n o t 4 0  end- 
uate their taste. The AEC is seeking FDA clearance for human consumption Of 

six species of ocean fish. 
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f less in this area is limited by the seasonal availability of only 
psos 

the Cniversity of Hawaii indicates a three- to four-day 
he~f-]ife extension in papayas subjected to a radiation dose of 75,000 ' Rben coupled with the hot-water treatment, Part of the food was 

ed to the '1[J'nkersity of California's Davis'facility for evaluation. 
Investlgtntors at the University of Florida, Gainesville, have found 
+irst rot in mangoes can be controlled with the proper radiation dose. 

few weeks per year for many fruits. 
l l ~ o r ~  

B 

rad 
shiPP . 

5helf-Life of Tomatoes Extended 

r,esults of two years of work at the Cniversity of California (Davis) 
tomatoes irradiated at the "pink" to "full-ripe?' stage demon- 

L. .tr;ite a shelf-life extension of 8 to 15 days. These resulk differ ap- 
,re,&abIp from earlier work in which unsuccessful attempts were 

I to delay ripening of green tonmt.oes and lmve special significance 
%hen it, is recognized that the present trend in the G n i t d  States is 
to pick tomatoes in the "pink" stage. Tomatoes harvested at the 
?ink'' to "full-ripe?' stage offer a better quality fruit than bmatoes 
picked green and allowed to ripen during the p e r i d  of distribution 
alld marketing. The potential of this application is interesting on 

econonlic basis, since fresh tomatoes are a large-volume vegetable 
colm-ndity in the United States. 

Economic Advantages Shown 

Tschnology for both fish and fruits has developed to a point 
Kl le re  a detailed analysis can be made to  determine the relative costs 
and economic benefits of radiation processing of selected foods. This 
analysis of the potential input into the economy of selected food 
irradiation processes has been completed by Daniel Yankdovich, hc. ,  
Sew York City. The results show favorable economic advantages 
for Xew England finfish and Havaiian fruit. The screening criteria 
developed in the study also indicate that certain products-tomabes 
and peaches, for exampleshould be studied further for possible 
market development. I n  the case of finfish assuming commercializa- 
tion by 1970, reduced spoilage and short-buying benefits alone would 
provide net discounted benefits to the economy (after all government 
and private costs) in the order of $10 million by 1980. This figure is 
based on no increase in the per cup-ita consumption of New England 
finfish. Under reasonable assumptions of market expansion in the 
michest and conservative valuation of benefits, the net benefits could 
double. 
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IRRADlATlON FACILITIES 

One of the major parts of the AEC's food irradiation Program i- 
d e s i p  alld construction of irradiator facilities that can b the 

Wale, 
Twelve irradiators have either been completed or are nearing co"nll,le 
tion. \\%h these new devices, large quantities of material 
be irradiated near the point of production of the crops, which is . 

AEC's international "Atoms in k~t ion ' '  Science Centers (see c1 
15-Information Activities). 

advance the program from the laboratory to  a collllneycial e usa tr, 

portant to the program. Irradiators have also been featured in 1m- 
can IlO# 

'")tQ 

New Irradiators in Use 

The Vitro Engineering Corp.-built Mobile Gamma Irradiator 
(MGI) was delivered to the University of California at 

R during the late summer, strawberries were irradiated in their sllipph 
containers immediately after picking. The irradiator is momtd  
a truck. 

T h e e  on-ship irradiators, based on a preliminary Brookhaven xa- 
tionnl Laboratory design, have been completed, two by Nucleu RIateri- 
als and Equipment Corp. ( h W C )  , Apollo, Pa., and one by Radia- 
tion Facilities, Inc., Lodi, K.J. One of these has been installed aboard 
the U.S. Department of Interior's trawler Delaware and used to imdi, 
ate fish at sea (off the coast at Gloucester, Mass.) immediately after they 
are caught. The second is in operat.iori aboard Interior's t m ~ ] &  
Oregon and is used to irradiate shrimp and other marine products 
from the Gulf of Mexico. The third is on loan to Israel and, although 
planned for use aboard ship, is being used as a land-based irradiator in  
a one-year cooperative food preservation program in which oranenes 
and other fruits are being studied at the Nahal Soreq Reactor Center. 

The Grain Products Irradiator was completed during the p a r  at 
Savannah, Ga., by Vitro Engineering Oorp., and will be used for 
insect disinfestation of grains both in bulk and in packagw. 

Irradiators Under Construction 

,4nother irradiator, similar to the on-ship irradiator but land based 
and fueled r i t h  a 150,000-curie cesium 13'7 source, is now being built 
for the AEC by American Kuclear Corp., Oak Ridge, Tenn.. 2nd 
should be in operation in early 1967. 

completed and construction was stai-ted bv hT31EC during the ~ 1 -  

mer. This irradiator will be able t o  irradiate near-producth P n -  

Construction plans for the Hawaii De~-elopment. Irradiator 
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OwXhip Iwudiatw. The feasibility of i r radiathg fish as a means of extending 
the commercial shelf-life has been demonstrated and the Food and Drug ~ d ~ ~ ~ ~ .  
istration bas been petitioned to approve six species of irradiation-prwwsM fish 
for human consumption. Although the capacity Of on-ship irradiators is hr)R,p 

n-hat less than the land-based facilities, they clo make it possible to  irradizIte 
nlarine product immediately after catch. This pemiits extended storage 
relatively low radiation doses. Diagram. ZPf t aboz;e, shows the major ( Y ~ ~ ~ ~ ~ ~ , .  

nents of the 17-ton, cobalt 60 fish irradiation units now in demonstration (,mpdtjr,,k 
aboard two U.S. Depai%itment of Interior trawlers. Photo, riullt CI b w c ,  S I ~ ~ ~ W .  

a unit of a e  type inLs&a.lled aboard the trawler Delaware shown belozc- whi\.h 
operates out of Gloucester, Mass. 

t f 

PROCESS 
RAD I AT I ( 

Radiation pr 
cheniicals and 1 

to produce chen 



JANUARY-DECEMBER 1 9 6 6 229 

of Hawaiian fruits and other foods. It will be located on Oahu, 
fities ezrl Harbor, and will be operated by the Hawaiian Department 
I@ ariculture under contract to the AEC. 
of 

r P ,‘ 

DEMONSTRATION PROGRAM 

c is cooperating with industry and with two other Govern- 
oenci~-tlle Department of Commerce and the Department of 

-to help establish a commercial basis for radiation processed 
R@ involved is &he possible construction and operation on a co- @e’@. rative basis of a meat sterilization facility having a capacity of 
@p 5 million p u n d s  B year. As an inducement for United States 
l* drg to  provide the capital funds for construction of the facility, bau ~ E C  has offered to provide a major portion of the costs for en- 

u design and the radiation source, while the Department of the* 
fin&, 
l)e,ense n-ould guarantee purchase of a part of the production of the 
lant for a specified period of time. The specific goals are : 

P 
Construction of a facility, tu be operable in 1969, in which labors- 
tory techniques will be scaled up to semi-commercial conditions; 

il) 

(2) Provision of sufficient radiation-sterilized foods to fulfill military 
needs for logistical and test purposes ; 

(3) Determination of processing costs and econoniics of radiation- 
sterilized meats and poultry, with attendant extrapolation to full- 
scale commercial production conditions ; and 

( 4 )  Introduction of a portion of the throughput into the civilian 
econoniy. 

After interviewing a large number of food conipsnies, many of 
nhich have expressed specific interest in the project as a resuit of 
8 September 24, 1965, solicitation. The AEC on December 16, 1966, 
invited proposals f roni approximately 130 interested companies and 
organizations, with selection of the industrial participant scheduled 
for early 1967. 

The A* 

PROCESS 
RADIATION DEVELOPMENT 
Radiation processing is defined as the production or processing of 

chemicals and mzterials using ionizing radiation as a soiirce of energy 
!O produce chemical, physical, or biological change. 

- 5 b g q q i ! .  ; 
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BASIC TECHNOLOGY 

Projects 3-ithin this area are, aimed both at, broadening t,he baa o j  
teclliiolom associated with process radiation and at identifyin,, 

v h "fH'. 

cific systenls " for possiible future coinmercinl application. 

Industrial Studies 

Considerable progress has been inade during the past pear on a nunl. 

her of s?7stems. Industrial st,udies by Research Triangle Institnt,. 
Durham, K. C., under an AEC contract, of radiaition-induced elnulSirih 
polymerization of vinyl acetate and its e o p o l ~ e m  SWPS~, appIicntio, 
of tlie product in paint for~nulations. preliminaq e ~ ~ d u a t  ion Slloas 
the properties to be superior tio those of many cox-nmercial formulations. 

Sclvances have been made on the process for producing mmi-eolldur- 
tor components using neutron transmutation doping by Fundamental 
Xethods Associates Inc., New Pork \City. A wide variety of transis 
tors and ifides have been fabricated and now .crill be exTaluated br in- 
dustry in product form. 

studies on a new approach f8or inhibiting microbiological groMh in 
liquid systems hnve been initiated by Atlantic Research Gorp., Aleswn- 
dria, Ta. I n  this technique, radiation is applied in small periodic in. 
crements to inhibit bacterid growth rather than to sterilize or destroF 
the orpaiiisms. JIang fields of application have been explored inchid. 
ing sj-stems for the maintenance of growth-free jet fuel and npplirn- 
tions in the pulp 2nd paper, petroleum production, and autolllotiw 
inciust.ries. 

Fnrther progress 1x1s been made in the area of radiation engineering. 
the ;'liardware'' of process radiation. Improvements have been made 
on the standarcl LLRP\?I Flat" cobalt 60 source and extensire l a r p  
scale studies conipariiig cesium 137 and cubalt 60 sources for packap 
irratdiation are being carried out at Brookhaven National Labomtor?.. 
Strontium 90 soiiwes for large-scale use for radiation prwwsing a h  
2re undergoing evaluation studies. 

SPECIFIC PROCESS APPLICATIONS d -  La. 

_ -  

c .- 

Y. e During the gear, program efforts vere  directed toward t.he derelop- 
A *- c ment and commercialization of two ra.diation processes-the produc- 
03 tion of wood-plastic materials and the synthesis of polyethylene ma 

reh t  ed copolymers. Expressions of interest in cooperative demondm- 
tion propains between industry and the AEC haye been solicited for 
both the wood-plastics 2nd the polyethylene processes. 

see pp. - 212- 

to Congress for 
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Tl,e n7&-plastics process involves impregnating wood vith a liquid 
- Lllononier, the11 treating the wood Kith ionizing radiation from 1'1 as t IC 

cobalt 60 source. The radiation polymerizes the plastic molecules, ' cilig a solid wood-plastic material which has many improi-ed pr@dU ,erties but still retains the natural look of the original wood. As cz 
1p-iU ~""~t, of the A E C * ~  researell prograin efforts, t w o  prirate firins- 
tMklleed-Georgia Co., Jfarietta, Ga., and American Sovawood C u p ,  
Lyncllburg, Va.-stsrted producing radiation processed Kood-plastic 
Ill 3 r e sab  in developmental comniercial quantities during 1966, and 
quenl others have aniiouiiced their intention of ctoiiq so in the near 

polyethylene Synthesis 

continuous cycle flow system for the radiation synt.hesis of poly- 
etllTlene mith a capacity of one pound per hour is operating a t  Brook- 

National Laboratory and the product is being evaluated by com- 
olercial produces. It  appears likely that at least one ninjor polyethy- 
lene producer inteiids to construct and operate a pilot plaiit for the 
production of polyetliylene by irradiation. This plant would probably 
bin operation by the end of 1967. 

ISOTOPES SYSTEMS 
The various types of radiation-alpha, beta, and gamma-given off 

b~ radioisotopes have been put t o  work in hundreds of different ~ a y s  
in the last 2 decades by industry and science. The ,4EC continues to 
sponsor studies that will lead to new uses. (See Chapter 9-Isotopic 
Heat and Power Applications, for uses of the tlierinal energy given 
08 by decaying radioisotopes.) 

TECHNOLOGY DEVELOPMENT 
Tvo recent conzpilations of spectra information are expected to aid 

in technology needed for isotopes systems derelopment. ,4 process- 
cmtrol pilot plant for analysis of bulk materials and solu0ions lias 
hen put in operation. 

'see pp. 212-213. "Annual Report to  Congress for 1965" ; pp. lS9-190, "dmual Report 
to Congress for 1964." 

5 0 3 i S l t f i  
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Spectra Compilations 

Capture gamma r a y  spectra. A catalog of radiation swt 
€r,r tlieimal neutron capture gamma rays from the natural elements iiiLe 

been completed by Illinois Institute of Technology Research I~~~~~~~ 
under AEC contract. kill 
help increase the potential of actinition allalysis for many applira_ 
tioiis. A continuing effort, under the spolisorship of the Katioul 
,Qeronaut ics and Space Administration, is being coxlducted for lunar 
analysis. 

Neutron-deficient radioisotopes spectra. ~4 s p i n 1  group of iieutrun. 
deficient radioisotopes (produced by particle accelerators and neutran 

erally produced in reactors) are unsuited or unavailable.  success^ 
developments in activation analysis and tracer techniques have 
tended the need to  determine and to  make available the spectral data 
for neutron-deficient nuclides. The gamma my spectra for  appro^- 
mately 250 isotopes have been compiled and publish&. Further data 
will follow. Included are spectm cornpiled both scintillation and 
semi-conductor-Si (Li) and Ge (Li) -spectrometers. bitore than 
3,000 copies of the two-volume scintillation Gamma Ray spectra 
Catalog, prepared by Phillips Petroleum CO., under AEC contract in 
196.1 have ken sold,3 and a third edition is in progress to ni& tllr 
demand. 

The availability of this new information 

geenemtors) permits applications where neutron-excess isotopes ( gen- 

Analysis and Process Control 

Process Control Facility 

An on-line process-control pilot plant has been established to aid h- 
dust r y  in evaluating process-control applications of neutron actin- 
t ion analysis. Particular products (coal, aluminum ore, fertilizer, 
and taconite) have been chosen for evaluations which will proride 
results having maximum industrial benefit when published. The 
work is being carried out  by Texas Kuclear Corp. a t  Austin, Tex., 
under an AEC contract. A wide variety of product-flow conditions 
Kill be evaluated Tit11 solids and liquid slurries. Participating in- 
dustrial concerns are supplying the bulk products for eraluation, ~1115 
u-rhatever technical personnel and sen-ices are required to support the 
investigations. 

Available a s  “ITTR 1-1193-53” from the Clearinghouse for  Scientific and Teehnicsi 

Available as “IDO-168SO” from the Clearinghouse for  Scientific and Technical Informa* 
Information, U.S. Department of Commerce, Springfield, Va. 22151 for $9.25. 

tion. U.S. Department of Commerce, Springfield, Va. 22151 for $10.00. 
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Process Control Facilitg. Drawhgs show the major components of Ithe neutron 
activation process control systems, one for bdk materials and the other far 
liquids, being developed for the AEC by the Texas Xuclear Corp. In the process, 
a stream of neutrons, p r o d u d  by a neutron generator, makes the material on 
the moving belt slightly and temporarily radioactive. The elemental composi- 
tion of selected materials mn then be determined by the characteristic gamma 
rays emitted by the material. 
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stm13 
for both solids and liquids, neutron enerators, detection and nlewuyr- 
merit equipment, digital coniputers, and a chemical assay labopat,,, 
for confirming nuclear techiliques. 
trans, produced bF a neutron generator, makes the niaterid ori tl,p 
mol-ing belt slight 15: and teniporarily rnctioactil-e. Selected e ~ ~ x l ~ h l l t s  

in the process stream can then be identified their characteri,t;p 
r a a r ~ m a  rays which are emitted as they become r d o a c t i r e  and as 
they decay. The number and energies of these Pro1nT)t and de];iyp;l 
b cramma rays indicate the element a1 coinpsition of the product. 
technique is applicable only to  elements that have a reasonaldy - 4  ’fiicrll 
fast-neutron cross-section (that is. those that react readilp Kith enel.- 
getic neutrons) suc~i as oxygen, nitrogen, alumin~nl,  sili~on, 
copper, ancl sodium. To date, the technique has been successfu]lr nr,: 
plied to ineasurenient of ash nnd caloric content of coal and of tli; sili- 
con and aluminum content of bauxite. Other processes currelltlg 
being c.onsidered are taconite analysis, and the deternliiiation 
nitrogen content of grain products for grading p11rl)oses. 

A related project recentlv initiated by the AEC. at IGmian Sur~lei~r, 
Colorado Springs, Colo., will investigate the practical problenis BPSopi- 

xtecl with industrial acceptance and use of this nuclear technique in 
controlling liquid processes. Tarions facility design 1-ariatiom are 
being evaluated to optimize safety, cost, ancl reliability of the system. 

The automated pilot plant includes bulk-material llalldling sy 

I n  the process, a stream of 

Crime Investigation 

Both neutron ancl photon act iration analysis techniques hare lieen 
applied to scientific crime detection. Cooperative programs are con- 
tinuing with the fnited States Internal Revenue Sen-ice, sild General 
Atomic, Division of General Dynaniics, Carp., San Diego, Calif. h-eu- 
tron act.ivation analysis has been successfully useii in court room 
trial proceedings. The Intenml Revenue Service ( IRS)  has noF pnr- 
ticipated in 20 court cases inl-olring neutron activation analysis : over 
600 cases are pending in which activation analysis evidence will be used. 
Table I shom-s the type of information, obtained for the first time, on nn 
analysis of “Bloonshine”  hiske key. These data are used to characterize 
and identify particular batches of whiskey. With this more detailed 
knowledge than heretofore possible, a sample of x~hiskey from an 11n- 
known source can be accurately matched with another sample from a 
known source ; thus, rery accurate identification can be made. 

Cooperafive Federal work. The IRS progmm has been extended to 
the examination of narcotic sanip~es for the purpose of comparing 
determining origin. hence making it possible to eff ectirely prosecute 
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littoral [Sand) Transport 

Nuclear applications and instrumentation are being investigated in 
a long-term AEC cooperative program with the U.S. -4rmy Corps of 
Engineers to develop methodology suit able for measuring littoral drift 
along the California coast. Four agencies-the Departmelit of Atmy, 
the Department of Navy, the Department of Air Force, the Xationa] 
Aeronautics and Space Administration-and the State of Califorilia 
are participating in this program to investigate littoral transport 
around Point Conception, about 42 miles northwest of Santa Barbar;i. 
Oak Ridge Kational Laboratory is providing guidance in the tracer 
area. 

Oxygen Analyzer for Oceanographic Use 

A deep-sea rersion of the dissolved oxygen analyzer for accurate 
measurements of slow-moving water currents has been successfully coil- 
structed and tested by Research Triangle Institute, under an AEC con- 
tract. The system is based on the radio-release of thallium ions from 
a column consisting of metallic thallium deposited on copper turniip 
and the detection of the ions by a ring of radiation detectors surround- 
ing the source. The unit has been field tested by the Duke University's 
Marine Laboratories a t  Beaufort, K.C., and is now undergoing exten- 
sire testing by the Kary Oceanographic Office. The results will 

See p. 204, "Annual Report t o  Congress for 1963." 
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bRsis for the design and derelopment of the final unit. The unit 
an operational depth of over one mile. 

pelsted to the oceanographic applications is the use of a deep water 
ic currellt aiittlyzer (DnTICA) in routine testing of flow patterns 

a Dan?, S.C.  KO other method in the past has been sntis- 
This unit was developed under ,4EC contract by the Williml 

ston Laboratories, Baltimore, >Id. ; an earlier prototype had 
c&ully tested by the Navy Oceanographic Office at, Akrpis 

207, “Annual Report to Congress for  1963.” 
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pri-qab industry showed increasing interest in underground nuclear 
lesion engineering techniques for natural resourcm development 

anagement during the year. A milestone was achieved in this 
%lien negotiations were started between the Government and 

paso Natural Gas Co., El Paso, Tex., for the first joint industry- 
Nuclear 

e&ents and related studies were conducted during the year to 
the contlliuiiig Plo-diare excavation and scientific programs. 

ad In 
s@ 

hverment Plowshare experiment, Project Gasbuggy. 
aP 

NATURAL 
RESOURCES DEVELOPMENT 

The United States Bureau of Mines (USBM) has estimated there 
are 2 trillion barrels of oil locked in oilshale formations in Colorado, 
['tah, and Wyoming that await development of economic techniques 
for recovery. ,41so, in the Rocky Mountain States over 300 trillion 
cubic feet of natural gas is estimated to be in formations of low per- 
meability whic1.r are not amenable to economic exploitation by existing 
means. As discussed below, Plowshare program investigations offer 
the possibility that nuclear explosives detonated deep in the earth may 
be the basis for developing new techniques to recover such oil and gas, 
9s Kell as other natural resources, economically, and more completely. 

PROJECTS AND STUDIES 

At year's end, with site preparation for Project Gasbuggy undervay, 
three other possible projects involving recovery or storage of natural 
resources were under study. 

230 
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Natural Gas Stimulation 

Xatural gas is produced commercially from underground reserVoih: 
of permeable rock in Thich the gas has been trapped. KornxillT, wile; 
a well as drilled hito the reserroir rock, natural pressure c ~ , & ~ ~  the 
gas to flow freely into the well from the pores in the rock. 

tl,.s way, a single weil can drain the gm from large volume of reservoir 
rock a t  a rate fast enough to be economically m-orthwliile. 

I n  many areas in the Testern United States and Canada, llowev,,, 
natural gas is found in reservoir rock of such low permeabilit,y tIlat the 
gas cannot be produced economically from a normal well. The t,rapM 
gas, if it flows at all, does not flow freely enough into the \Tell to 
a useful rate of production. Kuclear explosiolls may be used to in- 
crease, or stimulate, the production of g a ~  from such tight rWrvok u. 

I n  the proposed method, nuclear explosiolis Would be set off in 
reservoir rock to  create large zones of fractured and broken rock into 
which the gas could f l o ~  more freely. 

m e  Green Rirer Basin in R’yoming, the Piceance Creek Basin in 
Colorado, and the San Juan Basin in R’eK Mexico 2nd Colorado ar@ 
the most prominent of the sedimentary basins in the Rocky Mountain 

C; i 
,.-- 
t.. / 

i3) 

cl, 

c- 4 

G ~ s  Reservoir Xti.nzulati@tt. In  many areas, relatively impermeable rock p P  
vents the economical recovery of natural gas by conventional means. The 

Lawrence Radiation Laboratory, Livermore, drawings show how nuclear a- 
Plosives might be used to enhance the recovery of gas from impermeable rwk 
by creating large “chimneys” into which the gas can flow from the surrounug 
fractured rock. Site preparation has begun in the San Juan Basin, in the no* 
Western area of Kew Blexico, for Project Gasbuggy-the first experiment to 
develop such a peaceful use for  nuclear explosives. 

Radioactive Contar 
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d u d  must be cart 
months the short-1; 
~eptable levels, l e a 7  
pear half-life) ai 
hb ra to ry  studies 
36ines and Lawrenc 
&e best methods of 
in the gas producec 
mntrol measures wj 
Wriments. - G F G 3 - 1 9 4 ,  “AnL 



a' ity that the 
Phe trappq 

used to in- 

t off in the 

to @m 

' r-rvoi.s. 

'rl into 

e rock pre- 
eans. The 
nuclear es- 
aeable rock 
urrounding 
I the north- 
eriment to 

JANUARY-DECEMBER 19 6 6 241 

uining gas-bearing reservoirs of low permeability with SUE- 
to Farrant consideration for  nuclear stimulation. I n  

tient reas in western Ca.nada and in parts of Kansas, Oklahoma, 
may also be amenable to this technique. If Project Gas- p d  TesW tile first nuclear gas stimulation experiment, and subsequent 

w@' en@ show the technique to be feasible, the Nation's recoverable 
~ s ~ r m g a s  reserves will be greatly increased. 

c con 

dditiont a 

&lml t, 

Gasbu99Y 

ms.UggJ is the first of several experiments to evaluate the use of 
letely contained nuclear explosions for increasing productivity of 

@P in formations of lov permeability. The project is being 
p n d u c d  J 'ointly by the El Paso Natural Gas Co., the USBM, and the 

The project resulted from an 18-month feasibility study by .IEc* mntatives of the three organizations, following which El Pma 
8 proposal to the AN in 1965 to carry out such an experiment PP 

made 
jointly sponsored venture.' 

Initial site preparations have begun in the San Juan Basin, a b u t  
gjdlt?~ east of F a d @ o n ,  N. Mex. The first phase involves drilling 
tgO wells to measure pre-sbot gas production and to obtain ndditiunal 
plogical, geophysical, and hydrological information required to es- 
tablish the pre-shot characteristics of the site and the gas formation 

be stimulated. The pre-shot rneasuiements will be used as a basis 
for evaluating the pat-shot results, including increases in gas pro- 
duction. 

ngmml 

Radioactive Contamination of the Gas 

the stimulation of gas production with nuclear explwons, the 
@ble concentration of radioactive isotopes in the natural ~ L S  pro- 
heed must be carefully considered. It is known that afbr 6 tu 12 
nonths the short-lived ra,dioactive isotopes will have decaved to ac- 
Epeptable levels, leaving essentially only longer-lived l.u.-ypt& 85 (10- 
;ear half-life) and tritium (hydrogen 3) (12-year half-life). 
laboratory studies are now being conducted 'by the U.S. Bureau of 
h e s  and Lawrence Radi'ation Laboratov, Livermore, to determine 
he best methods of reducing the concentrations of these two products 
1 the gas produced. Actual concentrations and the effectiveness of 
mtrol measures will be verified in Project Gasbuggy and other field 
rperiments. 

t 
3 'see PP. 193-194, "Annual Report to Congress for 1965." 
3 
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Other Gas Stimulation Proposals 

I n  the latter half of the year, the AEC received two additional 

natural gas reservoirs using nuclear explosilTes. One proposal, Ilan,pll 
Dragon Trail, was submitted by the Continental Oil cos, 4 

%tQ 
Tex., together with CEE Geonuclear COrP.,’ Las l‘egas, Key. : 
other, named Rulison, by the ,4ustral Oil CO., Houston, Tex., and ci!; 
Geonuclear Corp. Both proposals involve sites in mestern c ‘ oh&,  
for the experiments. The AEC is currently conducting a compe- 

lation experiments which would be based on and extend the ~ ~ ~ i , ~ ~  
results. d2 

posals from industry to  join in cooperative experiments to stimula,e Ph; 

hensire review and evaluation of these proposals as possibl e gas stiQ,u- 

Recovery From Oil Shale 
A recent theoretical study at  Lawrence Radiation Laboratoh. 

Livermore (LRL-L) examined the problem of extracting oil fmk 
the broken oil shale rock in the “chimney” created by an underground 
nuclear explosion. Results of the study suggest that a large Pan of 
the shale oil, including that in chunks of shale as large as Several fez 
across, can be removed by igniting the broken shale and by maintain. 
ing coiiibustion n-ith air supplied to the chimney through drill holes 
a process known as “retorting”. Heat from the burning front would 
decompose the solid hydrocarbons in the shale to produce liquid oil. 
which would collect in the lower portion of the chimney. The 
could then be removed through drainage l d l s  and pumped to tile 
surf ace. 

50-70 Percent Recovery Potential 

The proposed nuclear-chimney “retorting” system may use tenipen. 
tures considerably lower ( Z O O  F.) than tthose in most previously sup- 
gested retorting schemes, and thus, could require a lower pressure l e d  
of forced air with resultant lower compressor costs. It is estimated 
that 12 to 18 months would be required to retort completely the broken 
oil shale in a chimney formed by a 100-kt nuclear explosion. Recorq  
of 50- to 70-percent of the oil is expected. 

Results of the LRL-L theoretical study are in excellent agreemm: 
with experiments being conducted at  the U.S. Bureau of 
(USBM) , Petroleum Research Center, Laraniie, Wyo., in which frV- 

-O In  1965. three firms-the Continental Oil Co., Edgerton, Germeshausen and G r i m  IFrt 
(now formally known as EGkG, Inc.) ,  and Reynolds Electric eo.-formed CER Grand** 
Inc., to  proride a complete “Plomshare Service” to  interested firms; see D. 27. ‘*AnnrrP: 
1tPI)ort to Congress fo r  1965.” 
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Oil Shale Experiment 
plopOSed 

TKcnty-four domestic oil and allied companies have joined with the 
cEn Geonuclear Gorp., to consider making a proposal to the USBM 

@C to conduct a job t  nuclear explosion experiment in oil shale. a d  i 
le first step d l  be to undertake a joint.Government.-industry feasi- T1 

bditv study including the companies, AEC, and the USBM. Such a 
,fu&y would include the development of a technical concept by LRL-L 
for 811 to test the use of an underground nuclear explosion 
- .  

8l’forfiiig of Oil  Shale. Presently, the Xation’s oil reserves take into account 
only the pools of liquid oil from which the oil can be recovered by conventional 
sells. Howerer, great quantities of oil are “locked” in deep underground oil 
&hale formations. By breaking this rock and heating it, decomposition occurs 
and oil is produced. A joint study by the AEC and U.S. Bureau of Mines 
indicates that it may be economically and technically feasible to use nuclear 
erplosions to break up the oil shale. In this approach-as envisioned in the 
kffrence Radiation Laboratory, Livermore, drawings-the broken oil shale 
Kck would <be ignited, and burning maintained by forced air injection. The 

Produced would be pumped to  the surface. A group of over 20 oil companies 
4 s  indicated an interest in conducting an  experiment to test this theory. 
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to prepare an oil shale deposit for in-situ (in-place) retort* 
sdicient volume of broken shale were produced by such an If, 
retorting techniques could be tested in a second phase of the ex%iQF 

@t 

Underground Gas Storage 

Ore gQr% Increasing use of natural gas has brought a demand for m 
capacity than can be met by existing underground storage res 
such as depleted natural gas fields and aquifers near major co 
methods. Present indications are that the demand for gas 

large underground chimneys by nuclear explosions appears to be 

sumer-end of gas transmission lines. 

nQQii; 

promising method of providing new storage capacity near the Q& 

capacity will grow by at least 175 billion cubic feet per year. creat9 “t“% 

Study Shows Feasibility 

A study group including representatives from the Columbia kq 
System Service Corp., Columbus, Ohio, the USBM, the AECys sa 
Francisco Operations Office, and the Lawrence Radiation Laboraton, 
Livermore, is completing a feasibiliey study of the use of nuclear 4- 
plosions to create underground storage areas for natural gas, T~ 
date, the findings of the study indicate that a nuclear-chimney could 
provide storage for up to 10 million cubic feet of gas per kiloton of 

explosive yield. Even greater storage capacity may be possible if 
pressures higher than hydrostatic pressure at the chimney’s dep& 
can be used. 

It is expected that gas stored in a nuclear-chimney could be produd 
over a very wide range of flow rates using standard well equipment 
Calculations made for flow rates from 10 million to  500 million cubit 
feet per day from .a chimney produced by a 50 kiloton explosion indi- 
cate that optimum investment costs would be from $2 to $ 4 p r  thousand 
cubic feet of usable gas storage capacity at hydrostatic pressure &nnd 
even less, if higher pressure can be used. This compares with c& 
of $0.50 to  $1 for storage in depleted gas fields; $1 t>o $2 for stow 
in natural aquifers ; and $6 to $12 for storage of liquified natural p 

Project Ketch 

The joint Government-industry feasibility study of t.he gas stow 
:application includes a technical concept of an experiment to test thf 
findings Qf the study. The experiment,, named Project Ketch, 
use a 20-to-30-kiloton nuclear explosive emplaced at  a depth of am 
3?300 feet in a drilled hole a b u t  18 inches in diameter. The under- 
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mdewound caverns and depleted natural gas wells to supplement conventional 
lMrepround facilities to store natural gas near consumers in order to meet 
+ demands. Present, and foreseen increases in use of natural gas indicate 
thst a much greater storage capability will be needed at  the end of, or adjacent 
to, transmission lines. The Columbia Gas System Service Cow., Columbus, 
Ohio, has suggested to the AEC that a nuclear explosive be used to create a 
Wmney’’ in a relatively impermeable rock formation which could be used 
Br storing gas. The drawing above shows the relationship of the gas-prducing 
rad mer States, the major transmission lines, and the projected demand and 
maired storage curves. The drawing beltnu portrays the concept for creating 
prminal gas storage reservoirs by nuclear means. 
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L ground chimney of broken rock formed by the detonation Rould ~ 

Weity  expected to contain about 200-300 million cubic feet of storage ea 
FolloKing completion of the feasibilitx study, Columbia Gas sy; 

tern Service Corp., will consider submitting a proposal to the - Q E ~  

population centers in its service territory. Columbia’s semi= te 

Tirginia, Virginia, and Kentucky. 

conduct Project Ketch at ti site locally remte ,  but re@onally ,-lose to 0 

tory includes parts of New York, Pennsylvania, Ohio, MaTland rri- ’ 61 

Copper Ore Leaching 

TO help alleviate the present domestic shortage of copper, economical 
means are being sought for mining increasing1y deeper and loffer 
grade copper ore bodies in the United States. A proposed technique 
for extracting copper from such low-grade, deeply buried ore, is to 
break up the ore body with nuclear explosions and to pass a ‘‘leachbg 
solution through the broken ore to dissolve the copper. T h e  copDer- 
bearing solution mould then be recovered from the ore b d y  for prowsE 
ing to separate the copper from the solution. The advantage of 

dissolving the copper ore in place is that it eliminates the necessity of 
mining and bringing to  the surface the huge quantities of low grade 

.‘- 

cr; 
c.= 

-9 
3 
G- 
CrJ 

Copper  Ore Leachliizg. The Xation’s copper supply would be enhanced if 110 

economical method were found to recover the metal from low-grade d 4 . t  
buried ore bodies. A joint Government-Kennecott Copper Corp. (Salt Mr 
City) study will investigate the feasibility of using a nuclear explosion to bred 
up a low-grade copper ore body and then passing a leaching solution throngh 
the rubble to recover the copper. The drawings shorn the concept. 

Project Sf0 
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thst be treated for extraction of the copper and then disposed 
ore g8s the matmial. 
of 3s of low-grade copper ore, broken but left undeveloped 

the mining of higher grade ore has been practiced for many 
d‘lrin, The key to  such “sohrtion” mining is the breaking of the om, 
p e s 6 -  it the leaching solution to come in contact with the copper. 
t-ntil ;O Pem the development of nuclear explosives there has been no method 

ak t ; h ~  low grade ore deposits other than mining and this has 
to bre too costly in relation to the small lamount of copper that could 
been 

,wmel from the Salt Lake City, Utah, office of the R e n n w t t  
r &rp., .the AEC’s Saa Francisco Operations Office, the USBRI, P 

e o p ~ ~ ~ I , ,  are conducting a detailed feasibility study of this appli- 
snd 
@tion. After completion of the study, a field experiment in nuclear 

br&ng and leaching, to be called Project Sloop, may be proposed Ore- 
to verify the study’s findings. 

1,p”Ghhg 

recoverl?d- 

ptoject Sloop 

Project Sloop is conceived as a 20- to 30-kiloton nuclear detonation 
at a depth of about 1,200 feet in a low-grade copper deposit. The 
ersperiment, would be designed to determine whether copper can be pro- 
duced economically from ore broken by a contained underground 
nuclear explosion. Af tar the ore-breaking (explosion) phase of the 
meriment would come a leaching test to evaluate leaching hhniques 
a d  radioactivity levels. A primary site in the Saff ord, Ariz., arm has 
been identified for study. 

The question of radioactive contamination of copper ore has also 
been studied, with the general conclusion that it is a manageable 
problem since : 
(1) Cancentrations of radioactive isotopes in the leach solution T o d d  

be sufficiently low so that special shielding to protect against 
radiation exposure n-odd not be needed; and 

(2) The most troublesome radioactive isotopes would probably be 
those of metals, such as silver 110, zirconium 95, niobium 95, and 
ruthenium 106. Fortunately, the relatively non-volatile radio- 
nuclides would be locked in the congealed “puddle glass” at the 
bottom of the cavity and only a small percentage would enter the 
leach solution. Subsequent metallurgical processing by a newly 
developed solvent extraction process may remove virtually all 
radioactive contaminants from the finished copper. 
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\ OTHER ENGINEERING ACTIVITIES 
In  addition to laboratory studies in s ~ p p m t  of specific proposd 

underground engineering projects, general research and deve]oDmellr 
activities were continued in 1966 to increase the understalldin, 

@ of the effects of underground nuclear explosions and to improve egq, 
vation technolo-7. 

CAVITY AND CHIMNEY STUDIES 

Studies of past underground detonations as  well as current experi- 
ments are proridiilg information on cavity and chinmy development 
on a practical as well as theoretical basis. 

Handcar Chimney Studies 

To learn more of the shape, volume and composition of c1fimq8 
produced by underground nuclear explosions in hard rock, .a vertical 
exploratory hole was drilled into the top of the cl1imney created bt. 
the November 1964 Project Handcar experiment-12 kilotons at 
depth of 1,320 feet in dolomite at the Nevada Test Site (NTS). The 
top of the chimney was found to be 223 feet above the shot point, a 
height about 23 percent less than had been expected on the basis of 
experience in granite. 

Pressurization tests indicate cz total void volume in the chirnnej, 
including the empty spaces between the rubble particles, of about 
1,315,000 cubic feet. This corresponds to  a radius of about 68 feet 
for the initial cavity produced by the shot. An optical surrey and 
stereophotographs show that the void space at  the top of the chimney 
above the rubble is more than half the volume of the original cavity. 

Cavity Collapse and Chimney Development 

To improve understanding of how chimneys develop above the 
cavity produced by an underground nuclear explosion, LRL-L, per- 

- formed a KTS experiment in which information vas obtained on 
- the collapse of the alluvium overlying a nuclear explosion at a depth 

-w .-- of 1,125 feet. As is typical of underground explosions in alluvium, 
c the collapse of the material above the cavity extended all the way to 

the surface and produced a “subsidence crater.” Collapse data K m  

obtained for points on the surface and beneath the surface doxn to & 

depth of 750 feet. Surface collapse was monitored by photographing 

- 

L- 

‘See P. 162, “Annual Report to Congress for 1964”, and p. 208, “Annual Report to 
Congress for 1965.” 
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cries of targets rating on the sur& above the shot; underground 
8 s  by special detectors. Particle velwity and Bcceleration 

me ect& from earlier studies, the collapse was massive and rapid 
oll~f  it began; the propagation rate of the collapse front was 100 to 
io feet per second. At a ~ v e n  depth, the collapse was found to 

I‘ &boat three seconds e d k r  in the center of the chimney than at dado 
Elle This lag conhued as collapse pro,mssed upward from 
the carity to the surface. 

q,irnilar chimney development studies are needed for other materials 
hesides alluvium, particularly for materials that are likely to be en- 

tered in some of the proposed underground applications of 
Corn 

predjctjon of cavity size. A study conduoted at LRL-L, hm shown 
that, the vater content of the host rock affects the size of cavities 

An equation was derived which P describes the cavity dimension when the rock density, water content; 
depth of the explosion, and explosive energy are known. 

@llePa, ,jurements mere also made. 

-is eSP 

h- 

explosions. 

duced by nuclear explosions. 

During the year, ERL-L, developed a cost-saving technique for 
m-entering the cavity produced by a nuclear explosive through the 
original device emplacement hole. Using this technique to re-enter 
the cavity produced by the Salmon event: a saving was made of ap- 
proximately 50 percent of the cost of drilling a second -hole of the 
a m e  size and depth. (See discussion on “Project Sterling” in Chap- 
ter &The Kuclear Defense Effort.) With an emplacenlent hole and 
emplacement hardware designed specifically for re-entry purposes, an 
equivalent or greater saving could be realized on future Plowshare 
projects, particularly those in which a relatively large diameter hole 
can be useful for commercial purposes after the explosion. 

EXCAVATION TECHNOLOGY 

For nuclear excavation technology to advance to the stage where it 
can be used in large construction projects, the following major 
technical questions must be answered : 
( I )  How does crater size depend on geologic properties? 
(2) Can data on crater size, seismic effects, acoustic waves, and radio- 

activity distribution of low yield experiments be extended to yields 
in the megaton range 1 - 

‘s e PP 163-164, “Annual Report to Congress for 1964.” Q q q o b  
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(3)  How do nuclear charges in a row interact 1 
(4)  Can projects for nuclear excavation of channels throu& terrai,, 

To answer these questions a number of excavation experiments are required and, to this end, the nuclear cratering experiment Cabriolet 
was designed by LRL-L. I n  ,addition, the U.S. A m y  Corps of 
n e e d  Kuclear Cratering Group (NCG) initiated Pre-Gondoln;f a 
series of chemical high explosive experiments near Ft. Peck, 3foot, 

varying in rock type and elevation be designed with confidence? 

Project Cabriolet 

Cabriolet, a low yield nuclear cratering event in hard, dry rock Ru 
readied at XTS during 1966 and has been authorized for execution 
early in 196’7. The Cabriolet explosion, which is expected to  releas, 
an energy equivalent to 2,500 tons (2.5 kilotons) of TNT, xi11 occur 
170 feet underground and is expected to  form a crater with a depth 
in the range of 115 to 145 feet, and a diameter of 425 to 460 feet. 

Project Cabriolet is an important step in providing essential dab 
on basic cratering effects and the distribution of radioactivity R- 
leased from a nuclear explosion occurring at  what appears to be the 
best depth underground in a hard, dry rock. Cabriolet will re1as 
six times more energy than the largest experiment previously con- 
ducted in hard rock at an equivalent depth of burial-Project Dannr 
Boy6 which released 0.4 kilotons. Although the largest Plo~&&, 
cratering experiment to date-Projeot Sedan ?-released 100 kilotons 
of energy, it was done in desert alluvium, a loose sand and grare] 
.material. Thus, Cabriolet will be the largest yield cratering experi- 
ment conducted to date in hard rock, the material expected to be tlie 
most frequently encountered in future excavation projects. 

The information obtained from the experiment will be used in de- 
veloping further the understanding of how craters are formed. In 
turn, this understanding is expected to result in increased confidence 
for predicting the characteristics of craters in other types of rock 
and from larger explosions. Data from field experiments, such as 
Cabriolet? combined with the most, advanced knowledge of the phgsical 
and chemical properties of rock materials and explosion phenomens, 
provide the input to complex computer calculations which produce 
a description of the entire cratering process. Thus, each crate& 
experiment improves the computer calculations, and hence, the o v e d  
description of the cratering phenomenon. 

6 Khile  no specific “Gondola” experiment fs currently scheduled. the “Pre-Gondol~” 
term is used to identifr  this particular series of non-nuclear experiments. 

See p. 250, “Annual Report to Congress for  1962.” 
See up. 159-3 61, “Annual Report to  Congress f o r  1964.” 
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Cratering Experiments. The AEC and the U.S. Army Corps of Engineers are 
jointly developing esperience and information on the cratering and seismic 

of explosives as a prelude to the possible use of nuclear explosives for 
civil engineering purposes. During 1966, the Corps of Engineers began Project 
pre(;ondola, a series of chemical high explosives cratering experiments in weak 

Shown in the foreground in photo above 
is the water from a shot detonated below the level of the Fort Peck Reservoir at 
8 total depth of 15.8 feet. Indicated by the arrow is the crater from a shot, 
detonated a t  a depth of 23.3 feet in the saturated clay shale. Photo be7ozti shows 
b e  result of a 20-ton nitromethane cratering charge detonated on October 28, a t  
a depth of burst of 42.5 feet in clay shale. It produced an apparent crater 80.6 
feet in radius and 32.6 feet deep. The crater in the background is from a 1,OOO- 
pound nitromethane charge at a lesser scaled depth of buriaL 

clay shale near Fort Peck, Mont. 



252 THE PLOWSHARE PROGRAM 

Pte-Gondola Experiments 

of tl& ProjKt Pm-Gondola was initiated in 1966 by NCG as part 
joint AEC-arps of Engineers’ research PrOemm to develop th  

s of 
feasibility, casts, and other factors involved 
excay at ion. 

This series of high explosive cmtering experiments, adjacent tu 
the Fort Peck Reservoir, Valley county, Mont., will extend c p a h h p  
experience t o  a weak wet clay shale at the 1/, 20, .and 1OO-ton level 
for single and row charges. The Pre-Gondola series hcludes siqle- 

perimenk to produce a linear excavation in a varying ternin, and a 
connecting rox-charge cmhring experiment. 

Following four 1,000-pound seismic calibrat,ion detonations in 
June, NCG conducted Pre-Gondola I, a series of four 20-t.0~ high 
explusive detonations in October and xovember. The purpose of 
Pre-Gondola I was to calibrate the cratering characteristics of the 
project, site and to provide a basis $or the design of the 100-ton pre- 
Gondola row charge cratering dekonations. 

E nuclear rnethN 

charge cratering calibration experiments, a row-charge craterin g ex- 

Interoceanic Sea-Level Canal 

The AEC {has undertaken stndies and surveys 60 provide information 
which the ,4tlantic-Pacific Interoceanic Canal Study h i s s i o n  
may use t o  evaluate the safety and cost of using nuclear explosives to 
excavate a sea-level canal. These activities, which are integrated 
with other investigations being conducted by the U.S. Army Corps 
of Engineers and the Panama Canal Co., ara part of the over-all 
engineering feasibility study being conducted for the Canal StudF 
Commission “. . . To provide for an investigation and study to deter- 
mine a site for the construction of a sea-level card conneoting the 
Atlantic and Pacific Oceans . . .” in accordance with Public Law 
88-609.8 

On-Site Surveys Authorized 

I. . I Exchanges of notes betmeen U.S. Ambassadors and the Fore@ 
Blinisters of Panama and Colombia were concluded on Februarg E5 

I- and October 25, respectively, authorizing the Government of the 
-s United States to engage in on-site surveys in those countries. These 
CT agreements enabled the ,4EC to be@ on-site safety feasibility sur- 

1 - e ~ ~  in the area of proposed Route 17 (Sasardi-Morti) in the D a ~ W  

- ,- - 

2 

See pp. 196-197, “Annual Report to Congress for  1965.” 
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of astern Panama and will permit inittiation of full-scale field 
both there and at Route 25 (Atrato-Truando) in Colombia d i o n  

3f jyities 
@gia11ha u in January 196'7. 

qoundings of the upper atmosphere were begun in Panama on March 
%it11 the firing of the first stratospheric weather rocket. These 

which will be fired weekly over a two year period, release 
rRllic chaff at high altitudes. The chaff is then tracked by radar in- 

c 

% 
rockets, 
lI1e 

Canal, Study. A tracking radar station is shown at a remote meteorological 
@senation outpost established by the Environmental Science Services Adminis- 
tration (ESSA) within the jungle of Darien Province, Panama, to  support 
Cnited States sea level canal feasibility studies. The U.S. Atlantic-Pacific 
Interoceanic Canal Study Commission is carrying out feasibility studies 
to determine where and by what method, conrentioual or nuclear, a sea 
lerel canal should be excavated. The AEC is responsible for conducting safety 
feasibility studies with respect to possible effects of radioactiaity, air blast, and 
Tound shock that might be associated with possible nuclear excavation ; these 
studies are part of and support the over-all engineering feasibility studies. The 
AEC meteorology program being conducted by ESSA is studying wind directions 
and relocities. and precipitation. The radar unit shown here tracks wind pat- 
terns to as high as G0,OOO feet. A second nearby radar unit scans the horizon 
8.q far amay as 100 miles looking for rainfall. Data deyeloped by these actirities 
Rill be eniluated to establish weather patterns which would be necessary to 
fiafely conduct nuclear excaration if it is decided to construct a sea lerel canal 
using nuclear esplosires. 
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dicating the speed and direction of winds at altitudes of looor#, 
200,000 feet. Other rocke.ts are also being sent aloft. to  obtain ’ tezn- tr, 

perature ranges a t  high altitudes and to supplemenk wind dirwrion 
and velocity data obtained froin the chaff rockets. This informati,, 

ge trak, will be evaluated to proi-ide a capability to predict lofig-ran 
mission of acoustic wayes from nuclear cratering q los ions ,  aIlci t l  . 

1% 
possible effects on man-made and natural structures. 

Bioenvironmental Program 

Tile B a ~ e l l e  Rleniorial Institute (BJII) of Columbus, Ohio, 
an AEC contract, is managing the bioenvironmental studies to deter- 
mine the radiologica1-safety feasibility of using nuc.lear exp]ojiVes to 
excavat6 a sa-level canal in the Anierican Isthmian region. ~1~ 
will through sub-contracts, direct studies and the neces,, cTry on-Gte 
surveys on: ( a )  marine physiochemistry and biology: ( b )  fishe...ie 
resources of the estuaries and Oceans on both sides of the isthmk,+ 
( e )  iterrestrial, freshwater, agricultural, and marine ecologies; (d ;  
radiohydrology; ( e )  human ecology; and ( f )  radiation dose 
mation. Comprehensive research has been undertaken to determine 
the essential information which could be obtained from site sumeE 
and detailed plans made for collecting data, in the probable 
areas. Scientish will go into the field to  collect specimens and de- 
velop information during the January through Jfarch dry season b 
1967. 

Meteorology 

The transportation and deposition of radioactivity from nuclear 
cratering explosions depends to a large extent on meteorological con- 
ditions a t  ithe time of the detonations and for an indefinite period after- 
ward. The Environmental Science Services A4dministration (ESSA), 
under -4EC contract has designed, and is conducting, a trro-year 
meteorological program to develop sufficient information for a safetp 
feasibility study of this question. 

TWO weather stations have been constructed and were placed in oper- 
ation on Route 17 in the Darien region of Panama. One is located 
a t  Pidiaque, la few miles in from the Pacific Ocean and the other fin 
Soskatupu Island in the Caribbean Sea. These stations, operatin,” 
24 hours a day, are collecting data on Kind patterns and rainfxll. 
Wind measurements are niade by tracking balloons with rndar four 
times daily at, altitudes up to 60,000 feet,. Lox-level rneilsurempns 
are also made on I50-foot tov-ers to determine local Kind flow. Th 
Pidiaque station, near the Pacific, mnkes continuous observations nf 
precipitation within a radius of 60 miles. Information is obtained in- 
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Excavation Research and Development 

Explosives and Emplacement Techniques 

One major goal of the excavation developmentp program is to reduce 
anlount of radioactivity released to the atmosphere to an absolute 

DliI l~t lm.  Efforts have continued on the del-elopnient of explosives 
n-itll ,q minimum of fission and induced radioactivities mid on special 
empIacement techniques. Three tests related to this program were 

by LRL-L with very encouraging results. 

Cratering Calculations 

LRL-L, has developed a computer-based technique for calculating 
the mound and cavity growth during nuclear and high explosive 
cratering explosions. The calculations feature a standard numerical 
approach to high intensity stress-wave propagation, coupled with a 
unique model of material behavior. The properties of the earth mate- 
rials are determined from geophysical logging a t  the site of the event 
and from laboratory tests of rock samples. With this information, the 
computer code calculates the extent of the ejected material, the result.- 
bg crater radius, and the mass deposition. The calculations since 
made with this technique for  the 1962 Danny Boy experiment are in 
good agreement with the actual radius and ejecta deposition. &4 nerct 
step in the calculation effort is to determine the bulk volume of mate- 
rial that falls back into the crater to obtain crater depth. This then 
ail1 lead to studies of the stability of the slope of the resulting crater. 

Acoustic Wave 

Acoustic K-aves emitted from a nuclear explosion at  excavation depth 
produce an effect, similar to a “sonic boom,” close to the explosion and 
sometimes, at  more distant locations where the acoustic waves may be 
focused by atmospheric conditions. This effect of nuclear cratering 
explosions is being examined a t  LRL-L where scientists are calculat- 
ingboth the close-in air shock and the long-range acoustic signal re- 
fracted in % layered atmosphere. LRL-L is using these calculations 
to derelop computer codes which will be applied in making acoustic 
9 3 22.1O-G7S-G7-1S 
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aVe predictions for rarious sizes of explosions under v ~ ~ ~ O L I S  atmk spheric c0ndit.i om. 

QC by the Sandia Corp., perfornied field studies of acoustic effects neap 
the explosion. To  determine the relationship of the streii~tl of tl& 
acoustic wa1-e to tlie depth of t.he detonation, single cIiuges of l,f,,Aj 

poullds of high explosives were detonated a t  Sandia's Coyote cancan 
under test area near Albuquerque, R'. Mix. Gauges were SL~spended 

balloons to measure the energy released from the explosion and ta 
determine its geometry. I n  addition, Sandia exanlined \~ariations in 
air effects from simultaneous and sequentially fired row charges. T ~ ~ ,  
series of experiments was conducted at the Tonopa11 Test RallFe in 
Nevada using 64-pound charges, spaced Six to eight feet apart alld 

buried six feet deep. 
Sandia's close-in measurements, coupled with distant record. %, will aid in the further understanding of acoustic wave t rans1nission 

and thus Rill enhance the ability of project desijpers to avoid damaq 
from this source. b 

Also during the year, tlie Sanditt Laboratory, operated for tile 

r- i 

-Ai?- Blflst EZcpcl-imeitt. As a part  of developing the use of nuclear esplnsire 
t- for earth noring. the Sandia Laboratory has ,beexi conducting R series Of Chem- 

ical ( high rxplosiw) experiments to determine rarious effects. The retouched 
Photo shows gauges (sn~aEZ d o t s )  attached to balloon-supported guy fines t@ 
ueasure the acoustic effect from a 1.000-pound high explosire cratering e P r i -  
merit near Albuquerque, S. l i es .  Such esperinients provide inforination that 
can be scaled-up to predict the effects from nuclear detonations. 

Heavy Elemc 
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The Ssndia Laboratory's small-scale, high-explosive cratering in- 
enations using single and multiple charges, ranging from 8 to  256 
ds continued during the year. 

g l e e  experiments, conducted since 1959 as a part of the Plow- 
program, are generating the preliminary information for the &Lm 

desim of larger-yield high explosive and nuclear excavation experi- 
merits which d l  f o b v .  For example, in one experiment, twenty- 

64-pound charges in a spread pattern of three offset rows were j j r e  
detonated one at a time, f o l h - e d  by 11 charges placed beneath tlie 

of the first 25, a h  detonated one at a time. The resulting crater 
favorably with one resulting from simultaneous detonation romp 

of eight 256-pound charges. The use of 15 percent more total charge 
Rei, e n h t  (2,304 pounds) reduced the amount of high explosives fired at 

time from 2,048 pounds to only 64 pounds to achieve the same 
mults. This is important from both acoustic and seismic wave safety 

and it also suggests that deep excavations through high 
terrain, might be achieved as well by a series of smaller detonations 
fired one at a t h e  as by larger simultaneous row-charge detonations. 

a roT-charge 
emphasized the distribution of ejected material, and the 

bteraction of intersecting single-charge and row-charge excav a t' ions. 

\.('St 1, 

p"" 

W 

During 1966 studies of the effects of one misfire 

SCIENTlFl C STU Dl ES 

Heavy Element Research 

Plomhare experiments in the heavy element program were aimed at 
learning more about the exact capture path for producing yery heavy 
isotopes, the extent of fission losses in heavier targets, and improve- 
ments in the nuclear explosive to  increase the neutron flus. I t  has 
been concluded from these investigations that neutron capture in 
protactinium is the chief source of very h e a v  isotopes when uranium 
3 8  is the initial target. On experiments in which plutonium 242 
and americium 243 were used as target materials, excessive fission 
losses in the neutron capture sequence prevented significant amounts 
of rery heary nuclides from being formed. I n  an experiment per- 
formed by Los Alamos Scientific Laboratory as part of the Cyclamen 
erent (see "Production of Heavy Elements" item, Chapter 5-The 
Xuclear Defense Effort) , an improvement in the design of the nuclear 
explosive increased the attainable flux levels. 
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There is now some evidence that increased flux levels ma 

Keutron e 
duce continually illcreasing hemy nudei as easilj- as was OllCe q., 
particularly at  atomic mass 259 and beyond. 
the uranium 238 target of the Cyolanzen experiment was sufiit.iellt tc, 
ham niade detectable amounts of fermium 259 and/or niendelerjuhi 
259. However, neither was detected within x n-ide range 
limits. Possible explanations are being studied, and nen- inrest. 
tiom izlto the stability of heavy nuclides are being started. sucl 
explosive design changes are contemplated vi-hich shoul 
increase the neutron exposure and extend the expected hear)- 
yield well past atoniic mass 259. 



INTERNATIONAL 
COOPERATION 

~ - 

I ACTIVITIES 
The AEC’s program for  international cooperation in the peaceful 

of atomic energy continued to support cooperative programs and 
the exchange of technical information, and sales abroad of UseS 

,--. nuclear equipment and materials under the “Atoms For  Peace’’ 
The sale of U.S. power reactors and fuel not only aids the 

p~. balance of paymen‘ts position, but assures that the reactors will 
be place d under safeguards against diversion to military purposes. 

February, the President announced an increase to 250,000 kilo- 
of uranium 235 (U235) in enriched uranium for distribution 

&road, the seventh such allocation since the beginning of the “AtOms 
For Pace” program in 1954. This announcement again indicated the 
kpo rtance the United States attaches to providing long-term fuel 
applies to foreign countries. The United States is now committed 
under Agreements for Cooperation to the transfer of over 200,000 
I;ilograms of U235. 

pmje 

Er&ms 

# COOPERATION WITH 
INTERNATIONAL ORGANIZATIONS- 

The United States continued to provide strong support to the Inter- 
national Atomic Energy Agency and to urge the transfer of U.S.- 
administered bilateral safeguards to administration by the Agency. 

’ To date, 15 countries have signed such arrangements. Cooperation 
f 3 K i t h  other international organizations continued. 

~ 

INTERNATIONAL ATOMIC ENERGY AGENCY 
f 

The International Atomic Energy Agency (IAEA) held its 10th 
f 3 General Conference in September 1966, and the iachievements of the 
3 L4EA4, since its inception, were given special recognition by Member 
ze 

2 59 
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States. President Johnson, in a message to the Ckneral Conferen, 

“The IAE,4 has prorided the meaiis vllereby all of its membel.5 
can work together and share t.he scientific developments of mah\. 

nations. Exciting advances in nuclear applications hare bee;, 
made in the service of mankind. The atom has been unlockcd 
and its energy harnessed j the technologies of nuclear power al,rl 

desalting can be joined to convert, saline m t e r  to freshwater? and 
the isotopes that come from nuclear research offer unusllal 

This work is of the utmost importance to the future of man&ct 
and must be continued with increasing effort and Support . *. 

expressed the United States‘ view, as f 01101~ : ‘F, 

plications and promise in medicine, and agriculture and industnm “p- 

* * .  

Nuclear Power and Desalting Studies 

A significant example of the IAEA‘s activities in the nuclear Power 
field is reflected in the IAE,4 report, issued in 1966, of a recent., 
completed 2-year preinvestment study on power, including nucleir 
power, on the island of Luzon, the Philippines. 
financed by the United Nations Development Program and the l’hilii- 
pine Government, with the IAEA4 serving as executing agency. The 
report concluded that the Luzon electric poTi-er grid m-ould require 
1,000 megawatts (Mw) of additional electrical capacity in the period 
1971-75, that t.he grid could absorb 300-AIw thermal stations, and that 
in this size range nuclear plants had a clear economic advantage oyer 
oil-fired plants. 

The IAEA continued to serve as an important, focal point for in- 
ternational cooperation in the field of nuclear applications to desalting 
The United States participated in Agency panel meetings, and pro- 
vided teclmical reports on work underway in the United States and 
on studies undertaken with other countries, in many of which, such 
as the study with Mexico, the IAEA is playing a significant role. 

The study was 

Safeguards System Extended 

I n  parallel with the promotion of the peaceful uses of nuclear enerE. 
the L4EA has developed an effective safeguards system to assure that 
projects with which i t  is associated are used only for peaceful pur- 
poses. Agency safeguards, which are applicable to all sizes of nuclear 
reactors, were extended during 1966 to corer processing plants, 3 

development TTliich was proposed and strongly supported by the United 
States. The significance that the 0.S. attaches to  the IAEA safe- 
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ds system was expressed by President Jolmson hi his message to 

b i .  . . the Agency has a crucial responsibility to see that the vast 
beneficial uses of nuclear energy are not diverted for mi1 i t . q  pur- 
poses. I cannot say often enough that the prex-ention of the 

W of nuclear TI-eapons is one of the most iniportant. tasks of 
our times. We look on the Sgency's safeguards system as one 
of the principal instruments for accomplishing this task The 
17.s. Gorernniellt fully supports the Agency system and we will 
do all in our power to support the continued growth and technial 
effp&7ene~s of the system . . .". 

~ ~ ! ~ ~ l ~  i;elIeral Conference, as follows : 
the 

,,s. Financial Assistance 

The U.S. policy of strong support for the IAE,4 and its programs 
Kas demonstrated through the provision of financial support to the 
1&rnA/i7s budget, cost-free experts, fellowships, equipment grants, tech- 
nial information, and special nuclear material, an amount totaling 
close to $4 million. For  the eighth successive year, the U.S. donated 
,pprouimately $50,000 worth of special nuclear material for use in 
L.EA research and medical therapy projects, as follows : $35,153 
Forth of material for use in the Finnish research reactor; $3,440 of 
materials for use in a Mexican subcritical assembly; $3,440 of mate- 
rials for use at the Nuclear Energy Institute of Technical University, 
Istanbul, Turkey; and $3,440 of materials for use in connection with 
the Rajslsthan Atomic Power Project at Trombay, India. 

OTHER INTERNATIONAL GROUPS 

The United States maintains strong working relationships with two 
European organizations and one inter-,4nierican organization to  
further nuclear knowledge and technology. 

European Atomic Energy Community (Euratom) 

Cooperation bet.sreen the United Mates and the European Atomic 
Energy Community (Euratom) continued primarily in the major 
march areas of: ( a )  the Joint Research and Development Program, 
Khich is directed toward reduction of fuel c.ycle costs associated with 
C.S. light water-type reactors built and operated in Europe under that 
Program; and (6) fast breeder reactors. ,4s an outgrowth of the de- 
Qlopment of fast breeder reactors by the United States and Euratom 
Rithin the cooperative arrangements for joint development of ad- 



262 INTERNATIONAL COOPERATION ACTIVITIES 

European Nuclear Energy Agency (ENEAI 

The ,%EC continued its cooperation with E X E A  through infoma. 
tion exchanges and participation in specific projects and in numerous 
study groups. The Cnited States has participated in the joint 
Halden Hea1.y Boiling Water Reactor Project in Korl17ay since 1958. 
Two other joint projects of the EKEA in n-liich the AEC is asso&td 
ar0 the Dragon program, a high temperature reactor project at \Tin- 
frith, England, and the Eurochemic Chemical Processing Plant in 
Mol, Belgium. 

Arrangements were completed for AEC participation in the Inter- 
national Food Irradiation Project at Seibersdorf, Austria. This 
six-year propam,  which is a joint international activity of the EX\'Eh, 
the IAEA4, and the ,4ustrian Studiengsellscl1aft f i r  Atomenergie 
(Study Group for Atomic Energy), will do research on the use of 
fruit and fruit juices as model systems for research on food Pasteur- 
ization by irradiation (see also Chapter 1GIsotopic  Radiation Appli- 
cations). The ,4EC is assisting the project by pro1-iding information 
and guidance and has assigned a histopathologist to  the progam for 
a two-year period. 

Infer-American Nuclear Energy Commission (IANEC) 

The Sixth Inter-American Suclear Energy Coniniission Jleetiiig 
=as held in Washington, D.C., June %-July 1, with 16 Tl'estern 
Heniisphere countries, including the United States, represented. TIE 
delegates gave particular attention to the importance of nuclear energ! 
in desalting water, derelopnient of inter-American research and t r a h -  
ing centers, and the adequacy of financing ISKEC's programs. For 
the fiscal year 19G8, IAKEC approved a budget of $68,000, an anloullt 
substantially higher than in previous years. 
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AGREEMENTS FOR COOPERATION 
tile end of 1966, the United States had 16 Agreeme1~t.s for Co- 

rat,ion for civil uses in effect with both nations and groups of 

gith res. policy of assimilating the bilateral agreements with in- 
;,idua1 Ifember States of Euratom into the broader context of the d c.s.-Eu~atom agreements, the French ,%greenlent for Cooperation 

vias pe mitted to expire in Korember by mutual consent as was dolie 

nitll Belgian A4greement in 1965. Following the uniform pat- 
tern, direct teclinical cooperation will continue with the French in 
am 9s of mutual interest, while special nuclear materials required by 
t,be French program d l  be channeled entirely through Euratom. 

OF. tlolls (see Table 1 of Appendix 7 for listings). I n  accordance 

New power Agreements 

seTp superseding Agreements for Cooperat ion for Civil Uses of 
itomic Energy, covering both pon-er and research activities, were 
Loncluded with Switzerland and Sweden and a new agreement for 
ci\<l pover applications was concluded with the United Kingdom. 
These new agreements proijde for the supply of quantities of special 
lluclear material sufficient to cover the long-term requirements of 
&&d uranium fuel for nuclear power programs planned by the 
three countries. The agreements n-ith Switzerland and Svi-eden are 
for 30 years, while that with the United Kingdom is for 10 years. 
Tl1e agreements also reflect changes in the Atomic Energy Act of 
1954, as amended, which permit private ownership of special nuclear 
materials, and provide for enabling arrangements bet ween private 
parties in the United States and primte parties in these three coun- 
tries to form arrangements for the transfer, including the export, of 
special nuclear material. Such arrangements will be undertaken 
pursuant to applicable laws, regulations, policies, and license require- 
ments of the United States and the other concerned governments. 
The agreements also provide that the LiEA will promptly be re- 
quested to assume responsibility for applying safeguards to  the 
mnt.eria1 transferred under the Agreements. I n  addition, the agree- 
ments provide for the United States to enter into contracts for the 
production or enrichment, or both, in facilities owned by the Vnited 
States, after December 31, 1968, of special nuclear material for the 
accounts of these governments subject to such terms and conditions 
as the United States may establish. 

Amendments to Agreements 

Amendments to existing bilateral Agreements for Coopera tion mere 
concluded with Spain, the United Kingdom (U.K.) the Republic 
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of China, Israel, the Philippines, and Turkey. The amendment to 
the Spanish bilateral contained features similar to the SuperNd. 
agreements mentioned above in that its principal purpose RaS 

power react-ors. The amendment to the United ICingdom Rsearch 
agreement was to  extend the term of that, ageenlent, and to Pro\.& 
additional material for the l3.K.’~ civil research and develop merit 
programs. The major purposes of the other amendments were to 
tend the term of the agreement in the case of Turkey and to maih, 
provisions respecting fuel quantities and enricllments, as well as t;j 
incorporate the benefits concerning privately arranged transfers of 
special nuclear material which resulted from the 1964 “Pritvailtr: 
Ownership” ,4ct. 

provide for the long-term supply of enriched fuel for d& mated 

INTERNATIONAL SAFEGUARDS 
Processing Plant Safeguards 

I n  April, the United States offered at the 18-Nation Diwmament 
Conference in Geneva, in cooperation with Nuclear Fuel Services, hc 
(NFS) ,  West Vnlley, N.Y., ta make the KFS  pla.nt for chen~ica] 
processing of irradiated fuel available to the IAEA to develop and test 
safeguards techniques and to gain experience and training for .Agency 
safeguards inspectors. This supplemented existing arrangements m- 
der which the IAEA will apply its safeguards to NFS when fuel from 
the Yankee power reactor-already subject to IAEA safeguarbm-  
dergoes processing there. 

A handbook for international safeguards inspection at NFS aas 
prepared by the NFS research and development staff. It consists of 
tl10 detailed step-by-step procedures for inspecting that and similar 
p 1 ants. 

A working group, established by the IAEA Board of Governors 
to  develop guidelines for extension of the Agency‘s safeguards system 
to chemical processing plants for irradiated fuel, met in Vienna, Am- 
tria, May 11-13, and made recommendations. The provisions es- 
plicitly recognize the need for continuous inspection of c l ~ a n k d  
processing plants of significant capacity. At its June meeting, the 
Board of Governors acted favorably on the Working Groupt 
recommendst ions. 

Trilateral Agreements 

The United States continued the transfer of the safeguards p r 0 ~ -  
sions of certain bilateral Agreements for Cooperation to the Intern&- 
tioiial Atomic Energy Agency. To date, there are 13 countries 
which the United States has itrilateral safeguards apemen t s  and 9 
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am in various stages of negotiations. The AEC’s safeguards 
OtheZade bilateral inspections of 130 facilities in 12 countries during 
c t d f  

Experience With IAEA Safeguards 
Yankee 

Yankee Atomic Electric Co. reactor at Rowe, Mass., was in- 
b d  by the International Atomic Energy Agency (IAEA) four 

during the year. With the agreement of the Yankee Atomic tim Electric Co., this reactor was placed under IAEA safeguards in 1964, 
the first inspection =as carried out in November of that year. 

of the 10 inspections to date, 4 were unannounced as provided for in 
the IAEA inspection procedures which permit access at all times for 

Tl1e 

Bnd 

Tankee PEant. Shown above is the 173 Mwe Yankee Nuclear Power Station at 
Rowe, Mass., which has been open to International Atomic Energy Agency 
(IAEA) safeguards inspection since 1964 to aid the IAEA to develop and 
demonstrate the effectiveness of its inspection techniques. Many of the inspections 
hare been made unannounced and William Webster, president of the Yankee 
Atomic Electric Co., has commented on several occasions. including the 1965 
mite House Conference on International Cooperation, that the IAEA inspHkions 
do not present any interference with the operation of the plant. The Yankee 
rlant, in operation since 1960, was the first to be completed under the AEC’s 
Power Reactor Demonstration Program. 
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U .S .- E ora to m Joint le c h n i ca I Working Group 

Close cooperation with Euratom in the field of safegiarcis contiIlueci 
,+reement  as reached that  continuous llispection ~ ~ o u l d  be  employe^^ 
by Euratom during reprocessing of V.S. supplied Inaterial at 
Euroc.llemic reprocessing plant located at 3x01, Belgium. 

TECHNICAL COOPERATION 

Since tlle inception of the “Atonis for Peace” program in ~ j q ,  
than 40 technical information exchanges linre been dereloped oll 

specific scientific and technical topics. &vi- arrangeliients during 
year included Argentina, India, Japan, and the United Ringdom. 

Technical Exchange Arrangements 

Argenfina. Arrangements were made to carry out the provisions of 
a December 1965 agreement with the Comisi6n Nacional de Eneqia 
Atbmica of ,Qrgentina to engage in increased cooperation in reactor 
development, raw materials, physical research, radiation and radio- 
isotopes, biology and medicine, and health and safety. Besides dwu- 
mentary exchanges in these areas, two-way communication Fill be 
supplemented by conferences, visits, and personnel assignments in 
both countries. 

Canada. Cooperation with Canada was active in reactor d e d o p  
ment and testing pursuant to  the 1960 and 1965 a,mements which pro-. 
vide for collnboration in the development of heavy water reactors 
The TVhiteshell Reactor-1 (WR-I) in Manitoba, which became opera- 
tional in 1966, and the U-3 loop in the NRU reactor are being utilized 
by the _4EC for in-pile testing of HWOCR (Heavy Water Organic- 
Cooled Reactors) fuel elements. 

India. General understanding was reached on the terms of a 5-yxr 
informal technical exchange agreement tlirough which the Unit4 
States and Indian Atomic Energy Commissions would cooperate and 
exchange unclassified information in areas of common interest. The 
areas are : (a) technology in the use of thorium in producing electric 
power; ( 6 )  technology on the use of recycled plutonium in t’hermnl 
neutron reactors; (G) parametric studies of reactor systems and nu- 
clear fuel cycles in r$!lntion to  technical feasibility, economic potential* 
a.nd resources of nuclear materials; (d )  use of radiation in the improve- 
ment of the production of food products; ( e )  techniques for the dis- 
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storage of radioactive wastes; ( f )  uses of mdiation in 
d medicine; and ( 9 )  cooperation on an accelerator project. 
A mutual technology exchange program has been agreed 

betn-een the Japanese Atomic Energy Research Institute (at 

T&"S ""' and the High Intensity Radiation Development LaboratorF 
tile AEC'S Brookhaven K&onal Laboratory. Research results in 

file. of process radiation will be exchanged with primary emphasis 
tile work pertaining to the polymerization of ethylene. I n  the field on 

wtor safety, an information exchange is envisioned on such sub- of re 
.ects as earthquake data, fatigue and embrittlement of pressure vessels, 
1 trnnsient pressure and temperature effects following loss of coolant 
8ccidents, pressure suppression in containment, and reactor kinetics 

United Kingdom. Exchange arrangements between the AEC and 
tile Enited ICingdom Atomic Energy Authority previously provided 
for collaboration in the following areas of basic research and develop- 
ment : ( a )  controlled thermonuclear reactions, ( 6 )  gas coolant com- 
P atibili'ty (with grapfite and metals), (c) uranium dioxide fuel, ( d )  

p a l  md 
k,ioIogT an 

,!@an 

stability. 

pnnadinre Resea rcli C ~ N  ter. Aerial view of the Canadian Whiteshell Suclear 
Iksearch Establishment, about 65 miles northeast of Winnipeg, Xanitoba. The 
n'hiteshell research reactor, the WR-1, a 40 thermal megawatt bear-g water re- 
actor n-hich aehieyed criticalitF in 186.5, is  heing partially used by the AEC for 
in-pile testing of fuel assemblies being dweloped for the hearg-water organic- 
c.ooled reactor (IIWOCR) concept. Canada and the Cnited States have conducted 
9 joint development effort on heavy water reactor since 1960. The R'R-1 reactor 
1Qilding is located near the 150-foot combined ventilating stack and water tower. 
5 5 0 f! 3 4 I t  
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plutonium metallura, and ( e )  bexyllium. 
was reached to add as a sixth area of cooperation, namely an 

vessel steels and fuel element cladding niaterials. 

I n  January, aar 
b eernent 

on “Effects of Irradiation on Structural Blrtterials‘?, e.g. ,  pressut, 0 

Personnel Assignments 

The AEC continues to provide facilities at d i ich  qualified forein 
nationals can pursue individual unclassified research programs. Oak 

ill Ridge Associated Universities, Inc., offers some short-term courses 
varying areas of interest which am open to qualified foreign nationals. 
and the Puerto Rico Nuclear Center continues to offer fomal  courses 

ani- in nuclear science, nuclear engineering, nuclear medicine, and 
The level of for- 

eign participation at all AEC facilities runs approximately at 13 
percent of the total participation load. Since 1955 AEC facilities 

cultural bio-sciences in both Spanish and English. 

Xticlcar Pozcw in Japan. One C.S.built power reactor is in operation, and three 
more are under construction or contract for construction in Japan. The &ow 
is an artist’s concept of the Mihama Nuclear Power Station Unit KO. 1, a 300 
MWe pressurized water reactor to be built at Tonkin, about 220 miles West 
Tokyo. The decision to award this contract to the Westinghouse Electric Inter- 
national Co. was made in the spring of 1966. 
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,ommdated over 3,500 foreign nationals. During 1966, nearly 
nationals were assigned to various AEC facilities (see also 

ter 1+Suclear Education and Training). 
bere* 
g -  fore@ 
CbaP 

CooPefutj~n With the U.S.S.R. 

exchange of technical Seams, research specialists, and recent 
de reports with the Soviet Union continued during 1966. These 

scia a were conducted in the manner provided for by the US.- 
R. Memorandum of Cooperation in the Peaceful Des of Atomic 

rrs.s. of May 21,1963, which has since been extended. 
In February, a United States delegation of low energy physics spe- 

cialists visited facilities in the Soviet Union ; in June, a Soviet team of 
iaJists in radioneurological research visited medical facilities in the 

$td States; and in October, a United States delegation of medical 
specialists visited medical facilities in the Sovet Union. Two rnm rBjd states specialists in controlled thermonuclear reactions research 

@P ]&l assignments of three months at the Lebedev Institute in 
TV and six months at the Physical Technical Institute in Kharkov, %@ 

respectively. In December, two Soviet specialists in this field reported 
Princeton Plasma Physics Laboratories to begin four to five 

mont.h~ of research. 
Through an exchange of notes the U.S.-U.S.S.R. Desalination 

bgmrnent of November 18,1964, was extended for another two years. 

The 

@&% 

bboru to ry- to-La bora tory Arrange men ts 

Cooperative laboratoq-to-laboratory arrangements-referred to ILS 
+ter laboratory” arrangements--are now in effect between AEC 
ngtional laboratories and nuclear research centers in the Republic of 
China (Taiwan), Colombia, Greece, Korea, and Thailand. Under 
these arrangements, lthe Argonne, Brookhaven, and Oak Ridge 
fational Laboratories, and the Puerto Rico Nuclear Center provide 
periodic consultation and also small items of not readily available 
equipment to the foreign cooperating laboratories’ staff. 

The Republic of China agreed to finance the costs of its cooperative 
project. Costs of the other arrangements are funded by the United 
states. 

finder the Thai-Oak Ridge National Laboratory program initiated 
in 1966, Oak Ridge assigned one member of its staff ta Thailand for 
six months, and another for three weeks, to assist in the development 
of a program for the Thai research reactor at Bangkok with particular 

D ~ ! ~ $ s ~  the usage of radioisotopes. 
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\ COMMERCIAL ACTIVITIES ABROAD 
Countries that, are more advanced in nuclear technology bee 

ban tQ compete for export markets and for nuclear fuel services. The per 
formance records of, and operating experience \rith, L?.S.-built reacto; 
has been such that the United States has been able to maintain its 
strong position in international markets. Fifteen U.S.- ancl u.8 
licensed power reactors are operating or being built abroad, and at 
least tmo mor0 are in the planning stage. 

.- 

POWER REACTORS 

TWO reactors built under the U.S.-Euratom Joint Power Reapto, 
Program achieved criticality in 1966 : the 237 Mwe ICRB (Kernkraft. 
werk-RIVE-Bayernwerk GinbH) boiling water reactor at 
mingen, West Germany, achieved criticality on -!iu,oust 14; and the 
266 Mwe SENA (Societe d'Energie Nucleaire Franco-Belge des 
Ardennes) pressurized water reactor a t  Givet, France, on October 18. 
Previously, US-bui l t  power reactors a t  Rald-am-Jfain, l?,Test Ger- 
many ( 1960) ; Punts  Fiume, Italy (1963) ; Tokai-M ura, Japan ( 1963) . 
and Trino Vercelles, Italy (1964) had started operation in the years 
indicated. 

! 

Reactors Under Construction 

Construction began, under contract with General Electric, on the 
Japan ,4tomic, Power Co.% second plant, a 400 Mwe boiling water 
reactor located on the Tsuruga Peninsula. Plant conipletion is sched- 
uled for 1969. General Electric also received the contract, for Tokp 
Electric Power Co.'s 400 Mwe plant to be built in the Fukushuna 
Prefecture. It is scheduled for completion in 1971. Japan's Kan& 
Electric Co. has selected a Westinghouse-built pressurized water reae- 
tor for a 300 J I r e  plant to be located a t  Fukui, Western Honshu, and 
completed in 1970. 

Spain% first nuclear powerplant, the Zorita, being built near Madrid 
by Westinghouse was about 50 percent completed at year'@ end, Kith 
completion scheduled for 1968. 

The Spanish Gorernnient granted a construction permit for the 460 
Rlwe boiling water reactor being built for Nuclenor by General Electric. 
The plant Till be located a t  Santa Maria de Garona in Kortheastern 
Spain on the Ebro River, 

Construction on the 380 M r e  tKin boiling water reactor plant being 
built by General Electric a t  Tarapur, India, also made good propess 
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nuclear power 
corp. at Zorita 
water reactor P 
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Corp. 
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Reactor 

I Gundrem- 
14; and the 
)-Beige d e  
October 18. 
West Ger- 

pan (1963) : 

Kernhf t -  

s 

f 

I .  

in the years 6po~tiul~ Xtation. Shown above is an  artist’s sketch of Spain’s first commercial 
nuclear power reactor now under construction by the Westinghouse Electric 
Gorp. at Zorita de 10s Canes, 40 miles east of Nadrid. The pressurized light 

reactor will deliver 150 Mwe of net electrical power to the Xadrid area 
ahen completed in The contract covering the initial enriched uranium 
tequirements for the Zorita plant was signed on November 17, 1966. Shown 
below at the signing, left to right, are : Prof. Jod  M. Otero Navascues, President 
of the Spanish Nuclear Energy Board; H. E., the Ambwsador, The Marquis de 
Berry Del Val; AEW Commissioner James T. Ramey; AEC General Manager, 

4 B E. Hollingsworth ; and J. P. Farrell, Vice President for Sales, Allied Chemical 
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w= also and wits about 70 percent complete late in 1966. Work 
gun on the NOK, a 350 Mwe pressurized water plant, being built 

schweizerische Kraftwerk A.G. Baden) plant located at B~,, 
b Westinghouse for the Northeast Swiss Power Co. The N°K ( ??ordost 

Switzerland, on the Aare River, is scheduled for completion in n, 

Report on Foreign Nuclear Power Growth 

contl.alet, 
Arthur D. Little, Inc., Cambridge, Mass., under an AEC 

completed a study of nuclear power growth in the free world outside 
the United States as an  aid to the AEC in determining the estent to 
which foreign nuclear power stations might use enriched uraniuln ;n the future. It concluded t.hat the growth over the next 20 years 
be heavily concentrated in the industrialized nations of western 
Europe, Canada, and Japan. These nations generate 45 Percent of 
the world’s electric energy, and with the United Stat-, represent 
percent of the free world’s production of electricity. Over the 
years, Western European countries will purchase nearly three tima 
as much equipment as they have now installed. The table beloff 

Unique Location. View of the site of the Franco-Belgian reactor SEX& 8 3 0  
Mwe pressurized water reactor plant at Giaet, France, near the Franco-BW 
border. The Westinghouse-built reactor is housed deep in a stone cliff (Cmle 
l e f t )  at a bend in the Meuse River, and is the third reactor under the CEL- 
Euratom Joint Program to achieve criticality. 

Available through the Clearinghouse for Federal Scientitlc and Technical Infmatt9. 
National Bureau of Standards, U.S. Department of Commerce, Spring5eld, Viglda 22101* 
at a cost of $4.00. 
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Year Ending 
Foreign Free 

World 

0 6  mp art anticipates that, with the exception of France, over 85 
t of Europe’s nuclear power generating capacity will use tea uranium and that, except for Britain, most of these plants 

d light water technology. 

POWER-DESALTING PROJECTS 

International interest in the use of nuclear power-desalting plants 
@timed to grow in 1966. President Johnson’s continuing interest 
5 of solving man’s water problems and the United States desire 
to share its desalting technology with other nations was expressed on 
many occasions. 

Nuclear Desalting Studies 

n e  International Atomic Energy Agency continued to serve as a 
fml point for United States cooperation abroad in nuclear 
gpplications to desalting. 

Mexico. The C.S.-Mexican-IAEA nuclear de.sdting study group 
met in December 1965, and in *Qpril 1966. On ,4pril 16, President 
Johnson and the President of Mexico, Gustavo Dim Ordaz, issued a 
joint statement, which stated, in part, that : 

‘(The two Presidents agreed on the importance for their corn- 
tries of the study which, under the auspices of the International 
Atomic Energy Agency, is being carried out to determine the 
technical and economic possibilities of installing, at some point in 
Mexico near the United States border, a plant to desalinate sea 
water through the use of nuclear energy.” 

Greece. The United States participated in a preliminary study 
lFith Greece on the feasibility of desalting, possibly in combination 
rrith an electric powerplant, as a means of providing needed supplies 
of freshwater for the Athens mea. 



274 IhTERKATIONAL COOPERATIOX ACTIVITIES 

Israel. A jointly-financed engineering feasibility studs by ~ 

United States and Israel of a large-scale nuclear power-desalt- 

per day plant--to be in commercial operation by 197.%-~as ~ e c ~ ~ r ~ i c a . l l v  r 
feasible, assuming early initiation of design and the successful 

WrQ. pletion Olf a water plant module development program. At a nea2 
conference on October 14, President Johnson anllounced the 
ment of Ambassador-at-Large Ellsworth Bunker to begin to reujt,p, 

P r o j e  proposals which have been made for a desalting-elect ric power 
in  Israel. 

Ofhers. Discussions and consultations were also held with other na. 
tions interested in the field including the Vnited Arab ~~~~b~ 

F Italy, and Tunisia. (See also Chapter 7-Reactor Development 
Technology.) 

concluded that a dual-purpose 200-Mwt.e/100 million gallons mg of ~ a t f ,  Pia; 

and 

Water for Peace Program 

An Interagency Committee, of which the AEC is a member! Ra 
established following the President‘s announcement of the ‘‘Water fQr 
Peace” program at the First International Desalination ConfeRncp 
in October 1965. 
,h Internatioiial Conference on JITater for Peace has been scheduw 

for May 23-31,1967, at Washington, D.C. The conference will b% 
t.ogether representatives of many gol7ernments to discuss and explore 
the world’s water problems, the opportunities and means available 
for attacking the problems, and international cooperation requid to 
stimulate effective programs of water development on both national 
and international levels. 

SUPPLY OF MATERIALS ABROAD 

The year was significant for foreign nuclear electric power BS 4 
as the domestic industry. In  February, President Johnson i n c d  
the allocation of enriched uranium available for distribution abmd 
t,o 250,000 kilograms. Criteria for the supply of uranium enrichment 
services to foreign customers, which the AEC developed after con- 
sultation with and comments from American industry and interested 
foreign groups and, after approval by the Joint Committee on Atomi- 
Energy, were issued as official U.S. Government policy on December 
(see also Chapter &Source and Special Kuclear Materials). Tfi@ 
two cornerstones in U.S. fuel supply policy, now further implementfii 
by the offer of enrichment services, are: ( n )  the assurances of 10%- 

term availability at stable prices of enriched uranium for per id  
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ivaIent to the reasonable economic life of the facilities sup- 
':.d (6) the principle of nondiscriminatory terms and conditions 

PIicd7 ly as nearly as possible identical between foreign and domestic 

;tolners* l-nder appropriate Agreements for Cooperation and pursuant to 
ril-ab ownership law, the United States is now able to transfer 

t*;i&d uranium to foreign customers through government-to-gov- 
e' transfers as heretofore, but also through government-to- 

te and other combinations of government-private relationships. prira :hce an Agreement for cooperation i s  for a fked period of time (up 
L) pars), individual contracts for the supply of enriched uranium 

be for the same term. First deliveries of enriched uranium "' uh use of enrichment services may be made beginning January 1, @OUO %]though contract negotiations may be undertaken and completed 
st gny time. 

0 f 3lPP 

pflment 

fQ 

s ?  

gg f m a e a s  Bound. This protectire package encloses a cylinder containing approxi- 
3;Yteiy 2% tons of uranium hexafluoride bound for the West German KRB nuclear 
m e r  station, near Gundremmingen, which went into operation during 1 W .  
kmwdented safe and economicat shipments such as this represent a major 
mtribution to the upswing ia global acceptance of nuclear energy as a highly 
mMtitive, low-hazard source of power for peaceful applications. Developed at 
% U C ' s  Oak Ridge Gaseous Diffusion Plant, the unit is designed to withstand 
Of conceivable accident occurring in transit or storage ; this includes a major 
aBCt, an ensuing fire, and immersion in water. AIost signiEcant of the design 
i.3tQres incorporated in the package is a high temperature foam plastic king. 
Beplastic is used as a cushioning structural member highly efPective in heat 
wation and neutron absorption. Should the package be enveloped in the 

of an accidental fire, the heat insulation will protect the cylinder of - - 



276 INTERNATIONAL COOPERATION ACTITTTIE S 

Barter Arrangements 

I n  March, the Commission announced the sale of enriched uranib 
on a barter basis for five power projects (two in Spain, two i 
Federal Republic of Germany, and one in Sn-itzerland) . Ullder the& 

e enriched arrangements, the AEC will accept, as partial payment for th 
uranium needed, appropriate quantities of natural uranium, with the 
remainder of the payment being made in U.S. dollars. Cash reVeQuQ 
to the AEC from these transactions will amount to approxbatelr 
$22,600,000. These barter arrangements were an exception to t(e 

mder policy of providing enriched uranium for foreign power reactom 
regular sale arrangements until 1969 when toll enrichment semicg 
become available under the private ownership act of 1964. KO further 
barter arrangements are to be considered. 

Material Supplies 

The first shipments of enriched uranium under the ad hoc bafier 
program were made to the German power projects KRB and VER 
The contract for the fuel for the Spanish Zorita was signed on ?Torem. 
ber 17,1966, and negotiations continued on the fuel for the Swiss  so^ 
power project. Also, up to the end of 1966, the AEC had sold and &. 
livered 390 kilograms of plutonium to Euratom for the latter3 fast 
reactor program, and, during 1966, some 281 metric tons of heavy water 
to Canada, France, West Germany, Switzerland, and the United 
Kingdom. 

Services Provided 

The United States continued to provide chemical processing serrim 
to Canada, Sweden, and more recently to Germany, France, .and J a p  
for their materials testing reactor type spent fuel elements. Durinr 
1966 there were 21 shipments of spent fuel to the United States. Fm- 
essing services for this type of fuel continue to be available at the 
AEC's Idaho Chemical Processing Plant and the Savannah Rim 
Plant, until such services become reasonably available commerciallr. 

Degraded heavy water from Canada and France was upgraded gt 

the Savannah River Plant on a routine basis and with gusmtd 
tritium content not to exceed 30 microcuries per milliliter. 

From Oak Ridge, the AEC made available for foreign distributim 
limited quantities of the transuranium elements californium 952 ad 
curium 244 as sources for research purposes. 

Value of Ma 

As of mid-l 
a d  deferred 
approximate I 
to the United 
paid in the fo 
a listing of U. 
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I RESEARCH 
ChuPfe‘ l3 FACl L I T I ES 

AND PROJECTS 
TbO ,4EC conducts a broad range of basic research studies in the 

hrsical, biological, m e a d ,  and environmental areas The recenb 
~o;pno&hy advancements made in these areas are summarized in khe 

lementd report, “Fundamental Nuclear Energy Rasearch- NPP 1966.”’ This chapter devotes itself only to  the new major facilities 
be& provided, or proposed, for basic research and to civil defense- 
*iated projects. 

PHYSICAL RESEARCH 
The SEC conducts a vigorous and productive program in basic 

pllrsical research. This scientific endeavor covers a broad range of 
aijects including high, medium, and low energy physics, mathematics 
and computer research, chemistry, metallurgy and materials, and con- 
trolled thermonuclear research. This program reflects also a continu- 
in,n effort to maintain the rapid pace in scientific and technological 
advancements by having advanced research facilities and tools avail- 
able to the scientists conducting basic research. 

NEW FACILITIES 
During the year, the new two-mile-long Stanford Linear Accelerator 

Center (SLAC) in California became operational, and a unique group 
of production and research facilities at Oak Ridge, Tenn., was dedi- 
cated as the center for the “National Transplutonium Program? 

Stanford Linear Accelerator Center 

A major milestone in high energy physics in the United States dur- 
“lg 1966 was the successful operation of the world’s highest energy - 

’Available from the Superintendent of Documents, 0.s. Government Printing O5ce, 
fpashhgton, D.C. 20402 for $2.50. 

27 9 
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New Facilities at BNL. On April 22,1966, the Brookhaven Kational Laboratorp 
High Elux Beam Reactor mas dedicated. Highlights of the day were the &dim. 
tion address by AEC Commissioner Gerald F. Tape and a Technical Session on the 
HFBR jointly sponsored by Brookhaven National Laboratory and the New pork 
Metropolitan Section of the American Nuclear Society. Shown above are the dw. 
cation speakers from left to  right: Dr. T. Keith Glennan, President of Associated 
Universities, Inc. ; Commissioner Tape ; Dr. Maurice Goldhaber, Direetor, B r a -  
haven-Kational Laboratory; and Mr. Emery L. Van Horn, Manager of the 
AEC’s Brookhaven Office. BeZm is an aerial view of the new $6 millia 
Chemistry Building which was also put into use at Brookhaven during the year. 
Several World War  I1 wocden buildings previously housed the chemistry 
operations. 
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Q,celerator. The two-mile long, 20-Bev2 niicrowa1.e linear J&fr@i is lmted at Stanford University near Palo Alto, Calif. This 
g ld l ln  lex, built at a cost of $114 million, is the culmination of 

21 camp fl*-”c of work at Stanford University in the development of 
&* enera electron h e a r  accelerators. Congress authorized and 

b*td 
in 1961 and the ground breaking took place in July 1962. 

fun 

e 

5 ~ 4 ~  in Operation. The Z-mile-long, $114 million lhear accelerator at the 
Stanford Linear Accelerator Center (SLAC) is shown stretching off into the 
&-nee in this photo taken at the target end of the accelerator. The beam will 
mrt from “1”; the power station for the accelerator is at “2”; and at the under- 
p n n d  beam snitchyard (3), the electrons will be sent to either End Section 
%‘’(4) or  End Station “B”(5). Occupying 480 acres of land, a dozen major 
buildings beside the accelerator provide office, laboratory, and shop facilities (6 
and 5) for the SLAC staff. SLAC, located near Palo Alto, Calif., began prelim- 
inary operation during 1966 and will be operated as a national facility for the 
AEC by Stanford University. 

’The first particle accelerator to attain energies above one billion electron volts (Bev) 
49 retired from service on December 31, 1966. The 14-year-old, 3-Bev Cosmotron at 

~ C ‘ S  Brookhaven National Laboratory had been instrumental in the discovery of 
W m n t  subnuclear particles and made major contributions t o  elementary particle 
Ph,fSi@. While the Cosmotron, a proton accelerator, was still doing good work, not only 
In&h energy physics but also in nuclear structure physics and nuclear chemistry, funds 
k its continued operation were not available. Limitations on research funds, whether 
IEc Or not, and the priorities for research to  be undertaken with available funds resulted 
&*e Cosmotron’s retirement. 
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On May 21, a beam of electrons was accelerated for the fi 
along the 10,000-foot length of the accelerator tube achieving an 
in excess of 10 billion electron volts (10 Bev). Later this ener 
increased to about 18.4 Bev (and to 30.!2 Bey On Jailuary 9, 0 1g6- ha8 

Eqoipmenf. I n  End Station “A” (see illustration), the larger ’ 4 * 
Of the target buildings, experiments nil1 be conducted priniarily wit11 electbp 

and gamma ray beams. This structure houses three huge Spctr 
OQ. 

krs which are capable of analyzing particle momenta with hivh 
b Pra. 

cision up to 1.6, 8, and 20 Bev/c, respectively. Anot.her experimental 

entf a m ,  End Station “B”, will primarily be used for those experb 
in which the electron beam will create secondar1 particles, I ) ~ ~ ~  
1967, two hydrogen bubble chambers are expected to be in operation at 
End Station “B”. One is the ‘72-inch long bubble chamber which is 
being transferred from Berkeley where it has been used with the B ~ ~ -  
tron (6.2 Bev) proton accelerator, and which d l  be converted inta 
an 82-hch bubble chamber before it is transferred. SLAC is bdd- 
ing the second, a 40-inch diameter bubble chamber scheduled for 
pletion in June 1967. 

Experiment planning. From its inception, the Stanford Linear .ic- 
celerator Center has been conceived as a national facility for m s a d  
in high energy physics. Experimental time is to be panted on the 
basis of scientific merit. Experimental proposals and the allocstioe 
of time in the beam and major facilities are considered by a p r o m  
advisory committee. The present comniittee includes representatires 
from SLAC (3) ,  Stanford University (1) , Massachusetts Institute of 
Technology (1) , University of California at San Diego (1) , Pale GI& 
versity (I), and Cornell University (1). SLAC has held two “users8 
conferences for prospective experimenters, one in October 1965 and a- 
other in June 1966. “A SLAC Users Handbook”S is available for 
those institutions wishing to file an experimental proposal with SLK 

The initial experiments planned fall into three categories: (a) 
electron and muon scattering, (6) production Qf secondarg particles, 
and (c) photoproduction. Thus far, approved experiments include 
tlle participation of such institutions as the Massachusetts Institute af 
Technology, the California Institute of Technolom, and the Universitp 
of California, as well as Stanford University. 

National Transplutonium Program Center 

The transplutonium element production and research facilities ai 
Oak Ridge n’attional Laboratory have been completed and put inm 
operation as a center for  the AEC’s National Transplutonium 
g a m .  On Kovember 8, the High Flux Isotope Reactor 

Potential users can acquire this handbook by writing to  : The Director, Stanford wpou 
Accelerator Center, P.O. Box 4349, Stanford, Calif. 94305. 
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TRANSPLUTONIUM PROGRAM 

dTIONAL 

~ ~ * ~ ~ a ? t i ~ ~ ~ ~  C o m W X .  The new $25,270,000 Kational Transplutonium Program 
* doction and research center at Oak Ridge Xational Laboratory (ORNL) mas 

leted during the Sear and dedicated on November 8. Photo above shows 
ijl;fi to : Dr. Alvin M. Weinberg, Director of Oak Ridge Katioml L a h r a -  

Dr. George E. Boyd, Assistant Dirwtor of ORXL ; Dr. E. H. Taylor, D i d o r  
6: dcChemistr~ Division, ORXL ; AEC Chairman Glenn T. Seaborg ; Mr. Don E. Fer- 

Director of ORPII'L'S Chemical Technology Division; and Dr. 0. L e d n  
&-3er, Acting Director of the ~ m m m n i u m  Research Laboratory, standing in  
Bat of the new building. Photo helow shows the production facilities of the new 
,st,rt,r. The building at the far Zef t is the Thorium-Uranium Fuel Cycle Develop 

Facility. In the left f m ~ r o u n d ,  is the High J?lus Isotope Reactor (HmR) 
tm Building with the HFIR itself housed in the building a t  rigilLt. The Tram- 
flotonium Processing Plant (TRU) is located behind the stack which serves both 
r8ernctor and processing plant for waste gas disposal. The TRL is not shown 

In addition to permanent staff members. visiting scientists from uni- 
d t j e s  and other laboratories are expected to use the facilities a t  TRL for 
rtsdies in the new' research areas opened UP b s  the availability of relatively large 
wtities of the transuranium elements. 
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NATIONAL TRANSPLUTONIUM PROGRAM 

** i - 1  

Production Systems. Drawing above Zeft, shows the method U s e d  for the prodw- 
tion of transplutonium elements for research. The Production started by inadi- 
ating 10 kg. batches of plutonium 239 (Pu”) at the Savannah River plant. dik 
<amst of the P u ~  has been either fissioned or converted to heavier isotom, it 
chemically processed to obtain about 600 DamS Of 300 grams of amefianm 

where the Pum is made into irradiation targets for the HFIR and irradiated& 
produce such heavier transplutonium elemenh 8$ c a r i w ,  berkelium, califopninn, 
einsteinium, and fermium. After the HFIR irradiation, the desired isotok 
are isolated in the TRU facility for  use in research in the TRL and throughorit 
the USA. Chart at above right illustrates the production scheme for trmq,iu. 
tonium elements starting with irradiation of PuUz with neutrons (in this cban, 
the isotopic number precedes the element symbol). Upon successive capture ctf 
a neutron the next heavier isotope of the same element is produced u t i1  a 
is reached at which beta decay transmutes the isotope to a higher atomic nmhr 
element. For example, in the plutonium chain this beta decay transforms p p  
to Amm during a 5-hour half-life In some cases, e a ,  Cmw and C P ,  most 
the neutrons captured cause fission instead of a heavier isotope. As a 
only about 3/10 of 1 percent of the original Pum reaches californium 
( CY2). Photos below show a HFIR fuel element before, and after, insertion ft 
the reactor. Blade in two concentric rings to facilitate handling (inner ring 
101 fuel plates ; outer ring, 369), the fuel is uranium 233 (U”) containing cermet 
and sandwiched between aluminum sheets. At full power, the reactor genera& 
100,000 kilowatts of heat and the fuel element, contailling about 20 potlnhol 
Um, lasts about 23 days. On the right, is a discharged element shown under Zi 
feet of water and self-illuminated by the Cerenkov radiation. 

243 (Am“) and curium 244 (Cm’“). The material shipped b Oak RidaE, 
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B ~ I R  Operation. Drawing above left shows a cutaway view of the High 
rsotope Reactor (HFIR) building. The entire building is sealed and the reactor 
opmbg a m  is kept under a negative pressure to Prevent accidental release of 
,ctidty. Photo above right, shows a model HFIR irradiation target a w b  
eonBining 31 individual rods such as the one shown individually. The actnal 
@gets contain plutonium 242 and very radioactive americium and curium oxide 
psdicles. The shroud wsitions the targets in the reactor and controls the flow 
of cooling water around the tube during irradiation. Bottom photo looks down 
directly into the HFIR with its top removed. The large tank contains the water 

to cool the reactor at a pressure of 750 lbs/sq in. Pumps circulate the 
rooling water from the reactor to heat exchangers containing about 40 miles of 
tubing to diwipate the 100,OOO kilowatts of heat from the reactor. In actual o p  
eration, the top of the reactor tank need not be removed ; a movable flange allows 
replacing the fuel element or the irradiation targets. 
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NATIONAL TRANSPLUTONIUM PROGRAM 

TRU FaciEity. Photo above shows 
the interior of one of the chemical 
processing cells in the Transuranium 
Processing Plant ( T R U )  Facility. 
Operations within the cell are con- 
ducted with the remote-controlled 
arms which are covered with poly- 
ethylene to protect the mechanisms 
from the very high levels of radio- 
activity. At  the left is a rack of 
equipment designed for solvent ex- 
traction. This entire rack can be re- 
motely removed from the cell if it 
becomes defective. At  the rear of the 
cell is located the equipment used to 
take samples of the process solution. This, too, can be repaired or replaced 
without personnel entering the cell. The actual process equipment shorn is 
constructed of tantalum and Zircaloy since the solutions used are very corrudm 
to stainless steel and glass, which are the usual materials of constructionfm 
chemical equipment. 
used in the TRU Facility to contain the process equipment. Each cell I S  sm- 
rounded by five feet of concrete to protect the operators from the radioad* 
associated with the irradiated HFIR targets. Because of the interne * 
activity of the transplutonium elements, accidental escape of these Uteriafs t@ 
the environment is hazardous. Provisions have been made so that these eelia 
which are doubly enclosed, need never be opened to the outside. Routine xi* 
tenance is performed by the manipulators installed through the cell front. and 
defective equipment can be removed and replaced through the top Of 
such a manner that the interior of the cell and the equipment is never e@ 
to the atmosphere. 

Drawing at right illustrates, in cross section, the 
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r R ~  OperutiMLs. Photo above shomx the operating area in the TRU Facility. 
The in the foreground t o  the right contain the equipment necessary for the 
amical separation of the transplutonium elements produced in the HFIR. The 
cells in the background house the equipment used for making HFIR irradiated 

from the highly radioactive americium and curium being recycled to  the 
B ~ ~ ~ .  Operation of the process equipmelit in the cells is carried out and mon- 
j r o d  from the panekboard to the left, and the master slave manipulators 

in all the cells are  used for adjusting and maintaining the process 
aqnipment. Photo beZm shm-s a pellet of curium 242 (Gmu?) oxide which was 
produced during early operation of the nevi National Transplutonium 
mter at Oak Ridge.. The photograph was taken by the light emitted 
mm the pellet itself. Curium 242, with its half-life of 160 days, is of 
iptemt as a source of heat for supplying power for applications in t h e  
space program. Each gram of Cm*" generates about 120 watts of heat. The 
@let in this picture is sitting on a block of copper which is cooled with 
eater. In turn, the  block cools the bottom of the pellet so that it is bamly visible 
in the picture. The top of the pellet, because of the heat being generated within 
it and the absence of an efficient means of heat removal, has a temperatwe of 
&ut 1,OoOo c. 
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Transuranium Processing Facility (TRU) , and the Transuran* 
search Laboratory (TRL) were formally dedicated by cilainua4 Re. 
Seaborg. The first two of these facilities, HFIR and TRD, are noR 
producing transplutonium elements, and the facilities providd 
form a focal point for both chemical and physical research w* ’th the ,  

proximately $25.3 million. 
Some isotopes of the transuranium elements such as neptunium 9,,s 

plutonium 239, and americium 241, are available in quantities s ~ , , , ~ ~ ;  
to supply present and anticipated research needs. The higher isotoh 
of plutonium and americium and the remainder of the transplub&u 
elements are not; their production in research quantities is the objec 
tive of the -4EC‘s transplutonium program which vas  instituted ia 
1959. 

in TRL 

elements. This unique scientific complex was built a t  a cost of ap 

Proposed Physical Research Facility 

Weston, Ill., Picked for Proposed 200-Bev Accelerator 

On December 16, 1966, the Commission announced the decision ~~ 

t,o the location of the proposed 200-Bev Kational Accelerator ~~b 
ratory. An unincorporated village near Chicago, Ill., known ~ ~ e f u  
ton, was chosen unanimously as the site for the proposed rea& 
facility. 

I n  March, the AEC had received a report from the Kational Atad. 
emy of Sciences’ Site Evaluation Committee (h’AS/SEC) rppom. 
mending sites for this facility at the following six locations: 4& 

Arbor, Afich. ; Brookhaven R’ational Laboratory, Upton, Long Island, 
K.Y. ; Sierra Foothills (near Sacramento), Calif. ; Weston (near 
Chicago) , Ill. : and Denver, Colo. The Commission undertook a corn- 
prehensive review of the hTAS/SEC report and the mass of data 
independently collected by the AEC staff. Several of lthe Commis- 
sioners visited the potential sites. After weighing all factors, the 
Commission determined that  the Weston site was the most suitabl~ 
location for tlie facility. 

Located about 20 miles south- 
west of Chicago‘s O‘Hare Airport, the Weston site consists of 8p 
proximately 6,800 acres of nearly flat privately owned land and Ius 
a total elevation differential of about 50 feet. Limestone bedroce 
ranges approximately 50-125 feet below the surface. The bed& 
is covered Kith glacially deposited material and is easily excai-atd 
aiid suitable for shielding and backfill. 

Visiting scientific user groups will find tlie laboratory can ea& be 
reached by air with only a 40 minute drive from the airpod- 

Near Argonne National Laboratory. 

LARL Visit0 
nical Associ: 
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are good higliwys and a major tollroad within two miles of 
site, 
large number of universities and colleges, with strong graduate 
underpaduate programs in the physical sciences and liberal arts, 
in close proximity to Weston. The proximity of AEC’s Argonne 

,Ere xgtional Laboratory is also an asset to  the Weston site, especially 
dUrin8 the build-up period. 

The principal facility of the new labora- 
be a 200-Bev proton synchrotron. This accelerator will pro- tory ride an important increase in energy over the present highest e n e r g  

3c11ine, the 3 3 - F ~ v  Alternating Gradient Synchrotron a t  Brook- Jn 
hal+en National Laboratory, and the U.S.S.R.’s Serpulihov 7O-Bev 
roton synclirotron, near MOSCOW, which is expected to  come into op- 

P eration by the end of 1967. Detailed reviews by both the scientific 
community and the government have established that an increase in 
roton energy is the most important requirement for continued ad- P ,tl.noernent in high energy physics research. 
The Commission has requested authorization and funds in the 

of $10 million for initial design work in the Fiscal Tear 1968 

I here contributing to ease of travel. 

glld 

Design funds requested. 

budget. Funds for construction will be requested a t  a later time. 

LdRL Vieitors. The photograph shows left to r ight :  Dr. R. E. Schreiber, Tech- 
nical Associate Director of Los Alamos Scientific Laboratory (LASL) ; Dr. K. E. 
Bradbury, Director, LASL; AEC Commissioner Gerald E”. Tape; and Chairman 
Glenn T. Seaborg being briefed by Dr. D. E. Xagle, Associate D i ~ s i o n  Leader, 
3hon Physics Dirision, LASL, on the high power radiofrequency equipment for 
the Planned Los Alamos Meson Physics Facility during a December visit to the 
Xew Mexico laboratory. 
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CTR COMMITTEE FORMED 

e Qc Pursuant to  Section 161(a) of the Atomic Energy Act, th 
established, on June 21, a Standing Committee for Controlla T her. 

rolls monuclear Research to review, on a continuing basis, the cant 

rela. thermonuclear program and provide advice and recommenda;ti 
tive to this program. The committee will ensure a closer cooperative 
effort within the program and provide guidance on implementin 
major program decisions. g 

of t he  The commiw has nine members, four of whom are directom 
CTR work in laboratories pursuing major programs in this &id, and 
four prominent members of the scimtific community outside of 
AEC and its major laboratories. The chairman of the mWittee ppa 
be the AEC's Assistant Director of Research for Controlled Them% 
nuclear Research (see ,4ppendix 2 for list of members). 

Research Leaders. Directing the AEC's research and development programs and 
multi-program laboratories are ( l e f t  to r i g h t )  .- Brig. Gen. Delmar L. Crowsm 
USAF, Director, Division of Military Application (Headquarters) ; Dr. A l r h  X. 
Weinberg, Director, Oak Ridge National Laboratory ; Dr. Norris E. Bradbuv. 
Director, Los Alamos Scientific Laboratory ; Dr. George M. Kavanagh, Assistant 
General Manager for Reactors (Headquarters) ; Dr. Spofford G. English, A*- 
an t  General Nanager for  Research and Development (Headquarters) ; Dr. FYmk 
H. Spedding, Director, Ames Laboratory ; Dr. Edwin M. Rlchlillan, Director. Law- 
rence Radiation Laboratory ; Dr. Maurice Goldhaber, Director, Brooliharen %- 
tional Laboratory ; Dr. Albert V. Crewe. Director, Srgonne Kational LaborfNQv: 
and Dr. Nichael 31. Nay, Associate Director of Lawrence Radiation LaboraWT 
and Director of its Livermore Laboratory. (Dr. Crewe resigned in Decemkr to 
return to teaching a t  the University of Chicago but continues to serve as ~r@nne" 
director until his successor is appointed.) 

Operation HENR 
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BlOL OGY AND MEDICINE 
goal of the AEC’s research program in the biological, media1 

sciences is to develop the technical knowledge 
$’ d for fuu comprehension of the possible short- and long-term bio- 

1 consequences of nuclear energy. Toward this end, the AEC 
logica varied programs of fundamental research in many fields of p n s @  which are summarized in a supplemental report (see footnote, 

979). Described below are studies related to the Xation’s civil 

The 

f i d e  

Pgc .J and new facilities that will enhance the overall effort 
-orndical research. in bi 

NUCLEAR ENERGY CIVIL EFFECTS 

sd&fk knowledge continues to accumulab on the effects of io&- 
,-, m&&iom on man and his envkonment. The nuclear eneTgy civil ba d d  program dkcussed in this section includes Operation HENRE 

ahi& is being carried out at the Nevada Test Site. The Oak Ri% 
Sgtion3.l Laboratory-Department of Defense study on civil defense 
m r c h ,  and a joint Office of Civil Defense-AEC study on fallout 
hdbrs are also discussed in this section. 

Operation HENRE 

During the fall of 1966, ;the High Energy Neutron Reactions Ex- 
periment (HENRE) became operational at the Neveda Test Site. 
h u t  35 tritium targets have (been manufactured by Oak Ridge Na,- 
tional Laboratory for the experiment. Each traget, with an area of 
tpproximately 155 square inches, was designed to provide trilfions of 
~p.Xev (million electron volts) neutrons per second for exposure 
priods of up to four hours each.‘ The neutron source is mounted in 
a hoist car on the 1,521-foot BREN tower and operated at various 
tlerations, the lowest being 21 feet and the highest 1,500 feet. 

Monoenergetic neutron source. The fundamental purpose of the 
WJ5rnent is the need to  improve the understanding of the propaga- 

of neutrons and gamma rays in the atmosphere near the earth’s 
wrface. Within the AEC, 6he information will be used to refine the 
$oations used to calculate the radiation doses of people who are ex- 
Wd, RS were the Japanese survivors of Hiroshima and Nagasaki. - 

‘A &get is mounted go that it is hit by a beam of accelerated deuterium ions, and the 
14h7 neutrons result from the reaction : Mtium + deuterium =helium + neutron+enerm. 

‘&e PP. 318-324, “Annual Report to Congress for 1062” 
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Continuing studies by the ,4tomic Bomb Casualty CoIlullission rqui, 
better estimates of neutron exposures than have been Previouslv avail, 
able. ,4lthough the neutron source produces few ganlma rays &rectlc 
they appear as a result of collisions betwen neutrons and the atoQs g 
air-nitrogen atoms in particular. Experimental data obtained 
through the use of an essentially monoenergetic neutron source, that is, 
a source from which most of the neutrons have an e n e r a  of 1.2 jl 

tained in field measurements. Earlier calculations were done with 
data obtained from Operation BREN in 19626 during which a Small 
reactor v a s  mounted on the tower and produced a mixed spectmm of 
neutrons similar to a fission spectrum. 

Other measurements made. A wide variety of experimental meas 
urements are being made during Operation HEKRE which is expct4 
to be completed in March 196’7. I n  addition to those for radiation pro- 
pagation studies, measurements are being made for shielding, dmime_ 
try, instrumentation, neutron lactivation, and spectral studies, ne 
data are being analyzed by scientific personnel of the participaIi% 
laboratories. 

Operation KEKRE was $organized as a joint AEC-Defense Atomic 
Support Agency (DOD) research effort with Oak Ridge National 
Laboratory providing the main AEC participation and .the Am4 
Forces Radiobiology Research Institute being the focal point for the 
DOD program. Other research groups are participating, using the 
unique experimental array for field programs in keeping vith th& 
respective interests. 

can simplify the calculations to be done with computers using data a ob @r! 

ORNL Civil Defense Research 

During 1966, t.he civil defense research project at Oak Ride 
National Laboratory was expanded to include studies of active-pas- 
sive defense interactions, weapons effects, and behavioral sciences sup 
ported by the *4dvanced Eesearch Projects *4gency of the Department 
of Defense. The project Tras originally established in 1964 as an 
activity jointly funded by t.he Office of Civil Defense and the ,4EC. 

The c i d  defense research project continued its studies related to 
adnnced civil defense systems which might be feasible for the protec- 
tion of U.S. population in the 1970’s. The research staff, composed of 
scientists and engineers f roni various scientific disciplines, is s e e h g  
various approaches to  the central problem of saving lives in the emnt 
of attack upon the United States. Early efforts have dealt with identi- 
fying the feasibility of various components of protective systans and 

* See pp, 318-324, “Annual Report to Congress for 1962.” 
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in which further research is elearl? required. ??ius 
,dical, sociological, engheering, u-eapons effects, and active 

,nuclear weapons included. Important in the continuing work, 
s,tlrch for methods to protect large concentraiions of people yon 

. [be 
st the contingency of attacks on cities. Sot only must a working 1; 

d n  
enl protect agzzinst the initial and residual effects of nuclear explo- 3 1  

-+st -. it, must also lead effectively into the post-attack recovery stage. 
r o j s t  is also looking into biological and chemical weapons 

The P so as to assure that a system for protection of populations 
@ns -t nuclear effects will not be overly vulnerable to non-nuclear 
geapons. I n  its totality, protection is conceived of consisting of more 
th3n just a shield agahst weapons effects; passive measures must be 

fpfinina 
1, i 0111 
j p  f en* 

are being cunsidered. 

"Ppin off". The idea of applying ultrasonics to  biomedical uses came out of ex- 
tensive work done in the field of nondestructive testing techniques in nuclear 
energy research. Demonstrated here, is how an ultrasonic probe can be used to 
'ke" into a tooth to detect early cavities (note deviations from line on oscillo- 
Scope in background) w-ithout the use of X-rays. The primary interest in this 
field of research is to find a means of doing what X-rays d-look inside a solid 
object-without exposing a person to radiation. This research was initiated at 
&e &EX'S Pacific Northwest Laboratory and further studies are currently being 
carried out under the sponsorship of the US. Public Health Service. 
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considered as they relate in effectireness to air defense and antilnissiie 
defense. 

Important to the study of passive systems are the: ( a )  accept 
of slielters in urban complexes; (6) capability of a sllelter to resit; 
nuclear and secondaq effects m-hile sustaining good heal.tll durin 

g 
of those items, e.g.: food supplies in, and o~tside,  slleltem, essential ~ C J E  
a vigorous recovery effort in a period follo\~ing shelter OCCupancy. 

As the program develops, increasing benefits will be obtained through 
the broad technical and scientific base provided bp Oak Ridge Satiooal 
Laboratory and other AEC laboratories. 

prolonged occupx-icy under crowded conditions ; and ( e )  

OCD-AEC Fallout Shelter Study 

Field measurements and analyses of data were completed dufillg the 
year for a separate fallout shelter study project supported bv the Office of Civil Defense (OCD) and the AEC. The rep&& 
for the project arose from OCD’s desire to hare experimental 
tions of proposed fallout shelter designs which will increase the pm 
tection against fallout radiation in homes with basements. Although 
in recent years a substantial advance has been made in the relia&l& 
of methods for calculating the protection afforded by a home basemeit 
and by a basement augmented by certain types of fallout shelter dmc- 
ture, it was considered that confidence in the designs would be 
increased by an experimental check. 

The fallout shelters Tere built according to OCD designs in &e 
basement of a wood frame house remaining at the Nevada Test Site 
from the 1955 Federal Civil Defense Administration tests. Provisiou 
for radiation measurements m-ere made by AEC through its contractor. 
EG&G, Inc., Las Vegas, Nev. 

The radiation field from fallout was simulated by the use of C a l i -  
brated radioactive sources rhich were circulated through a hose 
arranged on the surface around the house and over the roof. Inteem- 
ing radiation measuring instruments recorded the doses at a number of 
points inside and outside. The comparison of doses measured nth 
and without shielding, Le., with and without shelter, makes possible 
the derivation of values for shielding effectiveness known as protection 
factors. For the fallout shelter designs studied, the experimental 
~-aIues for protection factors were in the range contemplated by @a. 
I n  addition, information was obtained for the intercomparison of 

I calculational and experimental approaches to radiation shielding. 
r f \  1 f’ f! J ., i 1-1 i c  I 0 
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~m BIOMEDICAL RESEARCH FACILITIES 

&ddition to the four government-orned laboratories described 
tile new Plant Research Laboratory constructed bx Michigan 

university, East Lansing, was completed in June. The research 
aam in plant radiobiology at Michigan State University  as 

i b d  in some detail in t.he report for 1963.? A major addition for 
Atomic Energy Project at the University of Rochester, also 
meted by the unii-ersity, is expected to be occupied in December- 

Ir-1 
~ I o f l ?  
<tat$ 

descr 

L 

the 

1966. 
cond 

low-level Counting Facility at BNL 

A nex, low background, c o m t b g  facility will become operational in 
earls 196’7 at the Medical Research Center, Brookhaven Kational Lab- 

Operation, 0 bserver. AEC Commissioner Samuel M. h’abrit (Zeft ) discusses 
details of thoracic surgery being carried out on a Hanford miniature swine, with 
Dr. Harvey A. Ragan, senior research scientist at the Pacific Northwest Labora- 
tory. Dr. Nabrit visited the biology department before attending the November 
reactor shutdown verification system demonstration for  United Nations repre- 
Wntatives. The Hanford strain of miniature swine, developed over the past 
fiema1 years for AEC radiation effects studies, are proving invaluable for  many 
f Wms of medical research since their weight-lW-ls0 pounds-and body struc- 
ture is similar to man’s. 

‘see pp.256257,  “Annual Report t o  Congress for 1963.” 
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1 

Low-Level Counting FaciZity. the 
new low-level counting facility at  Brookhaven Xational Laboratory, 
lines indicate the steel shielding, which is surrounded by four feet of concrete 

UQ, 'The two steel rooms on the left are to be used for localized counting prwe 
while the three on the right will be used for various types of whole body munth 
.and for development of new counting methods. The various internal organs ,,* 
the plastic phantom at right above, are filled with known amounts of radiois 
topes, and the phantom is then used to calibrate the whole-body counter. In the 
illustratian the gamma spectrum of iodine 131 in the thyroid is being obtained 
with the sodium iodide scintillation crystal at the left. Photo belozu shows the 
phantom being taken into one of the @tee1 rooms of the low-level counting facilie. 
'The door consists of 8" thick steel plate with a lead glass window. 
is to be added on the inside of the door and room. The instrument on the table 
is a pulse height analyzer used in the reSOlUtiOn of the gamma-ray spectra ob 
tained with radiation detection instrumentation located in the steel rooms a a  
not shown in this picture. 

Drawing above Zeft shows the floor Plan 
e h@aQ 
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t ~ r s  pm). This facility includes five heavily-shielded rooms 
ecially controlled air supply to provide for the handling of 

Wit,llout regard to the unpredictable interferences caused bv 
dioactive argon 41 effluent from the nearby Brookhaven 

llite Research Reactor. I t  will permit accurate nieasurement of 
- Titv in patients at levels not previously discernible because of 
ab shielding. ,4s a consequence a further reduction in the 

mt of radioactivity used for clinical diagnostic and metabolic 

(r the projected clinical research studies that will use the new 
fscgitY are: vitamin B,, absorption and turnover, using cobalt 60- 
lebel&obalamine ; thyroid metabolism, using technetium 99” and 
d i o s t i v e  forms of iodine; the turnover of trace metals in Willson~s 
89d pG&hon‘s diseases, using radioactive forms of copper and man- 

e; studies of the long-term turnover of thorium and of cesium, 
gftn strontium, and other fission products; and the kinetics of skeletal 
me&olism of calcium. The whole-body counting equipment will also 
be in routine physical examinations of employees who work with 
mdio&ive materials, and d l  be available for emergency scanning of 
employees or others suspected of contamination by radioactive mate- 
rials. Other rooms in the facility will be used for counting selected 
organs of the body, for organ scanning, and for the development of 
new counting methods. 

0t.rr 

p t  iefl 
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Carcinogenesis Research laboratory, ORNL 

A building formerly used as a part of the Oak Ridge uranium pro- 
duction and separations complex in the Y-12 Plant has been remodeled 
k.t,~ laboratories, animal quarters, and related service areas and offices 
for a joint co-carcinogenesis project sponsored by the National Cancer 
Institute and the AEC. The structure (Building 9211) is now part 
of the group of buildings occupied by the Biology Division of the 
Oak Ridge Wational Laboratory (ORII’L) . The building is a four- 
story structure with steel frame and masonry walls, which has been 
cleared of processing equipment and decontaminated. Three existing 
floors will be used for the cocarcinogenesis project. The fourth floor 
contains special animal quarters and facilities for studying the inter- 
action of viruses, chemicals, and radiation in causing cancer in mice. 
The cheniicals in this case are ozonized gasoline vapor (a substitute for 
(( smog”), and chromium oxide. The third floor contains special ani- 
mal quarters where “barrier type” animals will be produced and 
housed for other experiments requiring specific pathogen-free ani- 
mals. The bottom two floors will be concerned with basic research of 
many different kinds looking at the various causes of cancer. The 
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fourth floor, in which experiments have been gohg  on for more than 
two years, was renovated jointly by the AEC and the Rational cmCer 
Institute. 

Atmospheric Sciences Building, PNL 

A new facility has been completed at the Pacific N~~ 
ONr- west Laboratory (PKL) to house the atmospheric sciences 

ation which had previously been located in several scattered facilities 
at the Hanford, Wash., complex. 

The research and development work in atmospheric sciences at B ~ ~ -  
ford provides basic experimental data required in the establishent of 
mathematical models for studies of atmospheric exchange protyse 

determine the average concentrations of airborne gaseous and s m a ~  
particulate materials at various distances and directions from the 
source, their subsequent deposition on the ground and vegetation, and 
the probability of their re-entra.inmen.t and translocation by natural 
forces after initial deposition. This research embraces the life cycle of 
atmospheric pollutants under a variety of meteorological and termin 
conditions and at various times of day and seasons. 

The atmospheric radioactivity and fallout studies are designed to q* 

- e :  

c 
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Chapter 14 

NUCLEAR 
EDUCATION 
AND TRAINING 

n e  AEC conduck a widespread pro,gram of cooperative support for 
noclear education programs in schools and in institutions of higher 
dumtion. Major emphasis of the program is graduate educakion in 

science and engineering, and cooperative activities between 
a c  facilities and the educational mmmunity through which staff 
and facilities of the AJ?& and its contractors add ta the scie&fk edu- 
cstion and research capabilities of colleges and universities. The AEC 
SUPPO tts this progrstm do help meet the growing demands of world- 
vide nuclear actbities for specialized manpower not adequately pro- 
vided by conventional graduate education. The individuals !thus 
educated through AEC support are only a fraction of the total spe- 
cialized manpower demands. 

New Programs Added 

Signifimnti events during the year included $he enrollment of 10.2 
t&w in nuclear engineering on 19 campuses in the second year of 
8 graduarte student rtraineedhip program designed to help increase the 
number and geographical distribution of centers of excellence in 
nuclear science and engineering education. In  September, the first I O  
students from 5 AEC multi-program laboratories arrived on 8 cam- 
puses for full time study in a newly established technician scholarship 
program. This program, initiated as a result of interest by former 
Commissioner Dr. Mary Bunting and the Joint Committee on Atomic 
Energy, recognizes special rtalents for leadership by providing oppor- 
tunities for 3abora.tory employees to compleh their studies for bac- 
~alaureate degrees. T h e  total cooperative efforts b&ween AEC sites 
and universities conbinued to expand to more sites and additional 
institutions. 

The AEC's education and training programs involved some 540 fel- 
lows, 1,275 institutions, 7,700 faculty, 28,000 participants of various 

299 
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kinds, and 14 AEC laboratory and research facilities. In 
approximately 5,300 graduate students received support through e~ 

rough 
ployment in research activities at AEC laboratory sites and th 
university research contracts. 

Employee Training 

Job-Related Training.  As a part of the overall employee development program, 
cn the AEC and its major contractors pFovide educational assistance leading to ad- 
o vanced degrees. In the photo, Mound Laboratory scientist Richard Wolfe ( le f t )  
-, explains details of his master's degree research to his graduate advisor, Profes- 
0 sor Warren Stubbins of the University of Cincinnati. Wolfe received his mas, 
0 ter's degree in nuclear engineering following publication of his thesis during 1%. - In addition to company financial assistance, both Mound Laboratory (operated 
cT for  the AEC by Monsanto Research Corp.)'and the University of Cincinnati SUP 

plied instruments and facilities for his research. During the year, more than 180 
AEC-contractor employees were working toward baccalaureate degrees under tm 
program. 
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f 
1 

AEC Contractor Training Programs i 

and part-time use of students and 

rative education participation- - _ - - _ _ - - - 
(Students taking similar courses alternate 
ktwveen school and work and normally pro- 

B, ~ ~ ~ r c h  and engineering participation- _ - _ _  - - 
(Students or teachers combining part-time 
university attendance or teaching with part- 
time laboratory assignments or alternate 
periods of AEC research with university 
&endance or teaching.) 

C. Guest appointments- - - - - _ _ - - - - - - - - - - - - - - - - -. 
(Temporary employees appointed t o  gain 
experience through performance of research 
projects which are part of the contractor’s 
mission.) 

D. Summer technical - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(Vacation employment of university and 
secondary school students and faculty.) 

R‘ork experience training _ _ _ - _  - - - _ - - - _ - - - - - - - - - - 

participate to  meet the demonstrated needs of 
(Employees sponsored by other organizations who 

their sponsor where such training is determined 
to be in the best interest of overall atomic energy 
development.) 

Job related activity _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(COkge level training courses and research 
assignments for regular contractor employees. 
Only training courses or research assignments 
of more than 16s hours’ duration are reported.) 

4 ,h. C O O P  
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8 
continuous position coverage.) 
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Number of Participants 

Fiscal 
Year 1f%1 

32 0 

1,168 

1,085 

2,119 

46 1 

1 S8 

Fiscal 
Year lBgl 

283 

1,140 

699 

2, 008 

329 

194 

Percent 
Change 

$13. 1: 

+2. 5 

4-55.2 

$ 5 .  5 

+40.l 

-3. 1 

EDUCATIONAL PROGRAMS AT 
: UNIVERSITIES AND COLLEGES 

A variety of specialized programs, such as fellowships, traineeships 
and faculty training institutes, were provided to update or expand &he 

1 bowledge and experience of college and university teacher-scimtests 
3 and to attract capable students into the teaching of nuclear science and 

5 0 1 8 0 fl %m~g. Specialized bachmg equipment and nuclear s o w  ma- 
F 
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terials are provided to participaking colleges and universities to 
prove and expand programs and to develop centers of excellence irn. 
nuclear education throughout the nation. in 

FELLOWSHIPS AND TRAINEESHIPS 

Specialized Fellowships 

During the year, the *4EC sponsored fellowships and traine,h* I p s  
in the following areas : 

Nuclear science a n d  engineering. A total of 209 graduate stucien& 
received fellowships to pursue their studies at the first, i n b m d i q  
or terminal year levels of graduate work at 36 universities. ne 
fellowships are limited to support of highly qualified applicants 
express intent tn remain within the field of the fellowship after corn- 
pletion of their studies. 

Health physics. To meet the growing demand for qualified persons 
in research and applied health physics activities, 67 graduate studenk 
\\rere awarded fellowships for study at. 11 universities. The graduate 
studies are at three levels (first, intermdate, and final year), with the 
first academic year of study folloved by a three-month period of on- 
the-job summer training in an AEC national laboratory. 

Industrial medicine. Licensed physicians were encouraged to attab 
specialization for medical pradtice in nuclear industries through fel- 
lowships administered by the University of Rochester (N.Y.) for the 
AEC. Fellowships were awarded to 16 physicians rto complete gn 
academic year of study at rtn approved university and pax6cipate in B 

year of in-plant training in the medical department at an AEC op- 
erating plant or industrial laboratory. 

- .  Predoctoral fhesis research. AEC laboratory research, when 
mutually approved by the laboratory and the student’s univ&$ 
provides a unique source of doctoral khesis material. Predootoral stw 

search in the physical and biological sciences and engineering at Lf3c 
laboratories. 

~ 

_- ~ 

a 

I 

-., -_ dents, totaling 116, received fellowships fm pwarranged thesis re- 
I 

Postdoctoral fellows. A group of 37 postdoctoral fellows worked st 
AEC laboratories or at universities during some prt of the yea. 
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T o a s .  -ist good universities to become centers of excellence in nuclear 
,,ineeang throughout a broad geographical area, 19 participating 

1.& tit,utions of higher learning were authorized to select 102 trainees t o  
pi]'5uc t. maduate work. 

~ - 
= FACULTY TRAINING INSTllTLdTES 

purillg the year, the AEC conducted four types of training sessions 
il)r C olle,ne and high school-lerel faculty members. 

Science Institutes 

Summer sessions.  During tbe summer of 1966, there were 33 fac- 
training institutes conducted on the graduate level a t  29 colleges 
uninxsities, and at the Argonne Kational Laboratory and the 

(.;,k Bidge Associated Universities? Lasting from 6 to 10 weeks, 15 
of thee institutes were for college science faculty, and 18 were for 
k,.h school faculty. A total of 735 college and high school faculty 
meil~bers n-ere selected to participate in summer institute programs 
spp~~priate  to their needs and their regular teaching assi,anments. 
Tr$al of the subjects covered in these concentrated summer institute 

* arxns were radiation biology, nuclear spectroscopy, isotope tech- p% 
- nolou, nuclear physics, and basic nuclear engineering. I n  all summer 
; btitutes science teachers are encouraged to incorporate their summer 

:Nining into the science curriculum at their home institution. 
In-service sessions.  Five colleges and universities and two educa- 

tional associations (Oak Ridge Associated Universities, and Associ- 
gted Eniversities, Inc.) , conducted eight in-service institutes evenings 1 1 and Saturdays for high school science faculty, enrolling over 200 prac- 
ticing science teachers for specialized graduate-lerel training in nu- 
tiear sciences. Particularly effective in populous areas, these insti- 
tutes enable the science teacheers to  incorporate and test newly-learned 
liqformation in atomic energy in their classrooms by including it in 
their current lesson plans. 

Academic-year sess ions .  For  26 college and secoiidsry school fac- 
xho Kere able to take leaw from their school year teaching duties, 

' 21: academic year institute was offered at both Oak Ridge Associated 
I-Iiil-ersities a i d  at Cornell University. Graduate study in some 
depth is made possible by this full year deroted to the study of some 

2 

3 

- 
*On January 1, 1966, the  corporate  name of the former Oak Ridge I n s t i t u t e  of h'uclear 

[ORIXS) --as changed to Oak Ridge Associated Universities. 

240-67S-6j7-21 
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loans of enriched uranium for fuel elements and fission plates, ' flfTD or polonium for neutron sources and heavy water. The 

= $ton ro&led $530,259 to assist reactor proflams at six major 
f 
4 $C P . 
2 * ~ ,e&les* 

$1' 

$ 

3 ' EDll cATIONAL PROGRAMS 
! f T ~ ~ ~ U G H  AEC LABORATORIES 
d 

The c&~er~ity-AEC laboratory cooperative programs continued to 
with 12 AEC laboratorics participating. Designed to make 
ue research facilities of A E C  laboratories available to uni- 

m t V  and college students and faculty primarily at the graduate 
lf'fl" rogram increase the interchange of scientific and technical 
;aformat,ion among students, faculty and laboratory personnel. Ac- 
ecities in this area vary from general orientation in broad areas to 

ticatzted research training in specific aspects of nuclear science and 
&hneering. Insofar 8s possible, these activities are tailored for the 
h&yi&,uI and his specific educational needs. 

*ad 
t@ miq 

k.Ce1, t'h0.p 

$Phis 

COOPERATIVE PROGRAMS 

Ifany of the cooperative uses of the facilities at AEC laboratories 
&reloped by associations of universities and colleges as a part of 
overall programs. I n  most instances, the association program is 

& on a particular AEC laboratory within its geographic area. The 
of AEC laboratories, however, is open to faculty and students 

ithout regard to regional limits. 

Active Associations 

- 

Among the more active associations so invloved are the Oak Ridge 
Associated Universities (ORAU) , Associated Midwest Universities 
M J ) ,  Associated Rocky Mountain Universities (ARMU) , Central 
>!!tates Universities, Inc. (CSEI) , Associated Colleges of the Chicago 
h a  (ACCA), and Associated Colleges of the Midwest (ACM). 
i f i t h i  the ORAU, two new committees were established to strengthen 

-c, % cooperative activities in engineering education and to coordinate 
'"Aversky use of the nev transuranium facilities at Oak Ridge National 

b r a t o w ,  Argonne Xational Laboratory, Brookhnven Kational Laboratory, 
nee RadSntion Laboratorx (Berkeler and Livermore), U s  hlamos Scientific 
K'ntional Reactor Testing Station. Oak Ridge National Laboratory, Pacific 

Laboratory, Sandia Laboratory, Sarannah River Laboratory and Gnirersitr of 
er Atomic Energy Research Project. 
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estat. 
Laboratory. Within the , 4 h K ,  two new committees also were 
lished to strengthen the cooperative activities in biology 
coordiiiate university use of the new adwiced research reactor to ~ 

built at, the 4rgonne Kational Laboratory. About 450 faculty 
bers and 1,100 students f roin 550 different iiistitutions tliroug~lout 
United States prticipzted in cooperatire arraiigeiiients at 11; 
I aborutories. 

and tr, 

I f -  

* A '  

dEcl Plant C-scd us Training &_Cite. Facilities a t  the AEC's Oak Ridge 1-12 Plant 
were used to  update the training of vocational and technical teachers attenGilg 
a training and technolorn sumnier institute. In photo U b O W ,  participants at. 
tend a class in electronics ; photo beZoio shows a welding class. Courses are bpin: 
conducted in mechanical technology and drafting, industrial electronics te&& 
ogy, and n1aintenanc.e and machine shop fabrication. The training, supported bI 
the U.S. Office of Education, is administered through the Oak Ridge Associated 
Vniversities. Other participating agencies include the U.S. Department of Labor, 
the Tennessee State Department of Education, the University of Tennessee, md 
the Oak Ridge Atomic Trades and Labor Council. 
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3 T-12 Plant, 
’rs attendhrg 
ticipants at- 
ses are beiug 
nics technui. 
supported by 
e Associated 
ent of Labor, 
nnessee, and 

f f i C U l t y  participation 

directed toward the training of faculty of colleges and 
Air.e..=itie take a variety of forms. All are designed to provide 

members with research training experience which will enable 
to tmnslate the acquired twhnolo,oSr into the development or ini- 

ernent of curricula in their institutions or illto the initi a t’ ion of 
search programs. There are three major activities in this area. 

FatulfY research training appointments. Selected faculty members 
assiped to various AEC laboratories for research experience. 

150 faculty members from 124 institutions received research 

p~~~ programs. Faculty are provided the opportunity to t e  
udted  with new developments and research techniques in their rrrl 

,jatific area under the PACE (Professional Activities for Continu- 
Education) program. The PACE program was carried out a t  ib B o r n e  National Laboratory in the areas of chemistxy and biology 

~ t h  five faculty members from five institutions participating. 
w e e k e d  workshops. Faculty from nearby colleges are encouraged 

tOUH facilities a t  the &4rgonne National Laboratory for research and 
training in areas such as neutron activation analysis, nuclear magnetic 
mnanm, gamma scintillation spectroscopy, and s e ~ e m l  others. 
fiw facilities, now known as the “Common Labomtory”, were for- 
merly used for the training of foreign nationals under the “Atoms for 
p s d ’  program and contain much scientific equipment not normally 
adable in college laboratories. TWO hundred and eleven faculty 
from 104 institutions attended weekend workshops a t  ANL during 
fiscal year 1966. 

un 

then 
prov 
nefl re 

firs 

fll CLl ItY 

appointments in the summer of 1966. 

Graduate Student Training and Research 

Programs are being carried out at all AEC laboratories to enable 
pduate students to use the unique facilities and to associate with 
mture scientists in the field of their study. In  general, the activities 
m this area involve thesis research, temporary employment, and engi- 
wring practice school. 

Temporary employment. Graduate students gain valuable labor+- 
experience through actual participation in nuclear science re- 

march progranis by working with specialists at AEC laboratories. 
Abut 1,100 graduate students were thus employed during fiscal year 
Q66. 111 addition, there were 4,200 graduate students in university 
bratories working on AEC research projects in the pliysical and 
1’. 

50!11022 scienc :es. 
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QCtiQ] 
Engineering practice schools. Graduate students can g a b  

engineering experience at ,4EC laboratories. I n  the summer, the an- 
nual AKL-,4RfP Engineering Practice school was held Fith 

Massachusetts Institute of Technology re-established an en&eeri 

formed the first class in this 10-week program. It is planned to hare 
4 groups, of about 10 students each, participating each year. & 3 

dents from 19 institutions attending the 12-week ~ h o o l .  In  the fall, Stb. t% 

practice school at Oak Ridge National Laboratory. Ten studenLs %- 

faculty member in residence at ORKL supervises the program. fIT 

Undergraduate Instruction and Research 

While a majority of the A4EC-sponsored educational activities a~ 

Por- directed toward faculty and graduate students, the follo\ying irn 
tant activities provide the undergraduate student valuable ~i~~~ 
experience. 

Argonne semester. Science students from institutions mpmsent4 
by the Associated Colleges of the Midwest (SCM) engage in half- 
time study and half-time research at  Argonne Kational Laborat,, 
Three professors from ACM member institutions are assigned t o  ~li 
for a year t o  assist the laboratory staff in supervising these students 
During fiscal year 1966, the eighth year in which the program oper- 
ated, 10 science st.udents participated. 

Honors programs. Science students of outstanding ability are sp. 
lected to study and do research a t  AXL. In February, a CSUI-~’\’L 
Honors Program for 12 science students was initiated and the p. 
gram was continued in the fall semester with 14 students participating, 
These 26 students were from 20 institutions. The Kational Scicnm 
Foundation provided full stipends for the students. A similar BC- 

tivity vi-as conducted at Argonne Kational Laboratory during the sum- 
mer for 11 science students from 18 predominantly R’egro collep 

Selected junior-year students in science 
and engineering can participate during the summer months nth 
senior 1aborat.ory staff on important research and developmem 
projects. During the summer, 282 students from 207 institutions took 
part in this program at seven AEC laboratories. 

Student experiments. College science classes, under the guidane of 
t.heir o m  faculty, conduct experiments in the facilities of the Argolma 
“Common Laboratory.” During 1966, approximately 650 studat5 
from 76 institutions visited *4NL to participate in these experiments 

Summer student trainees. 
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TroibinS of Radiation Protection Technicians 

d for radiation prot&tion of health physics technicians has 
in 8 new pilot training propam. The AEC in moperation 

fl- Id& Stake university has instituted a two-year p rogra  at the 
s * i ~ e ~ i t ~  and %he National Reactor Thing Station (KRTS) . The 
‘-I1’ consists of two years of collegiate level course work and tvo  trsiilia,b 

ers of health physics training at RIRTS. The first class of 10 
SlI@ 

PP 

The nee 
,dtA 

le mmpleted its work in September. 1966. 

SPECfAL PROGRAMS - -  

4 variety of activities, not directed specifically at faculky ’and 
;dent participation in AEC laboratory programs, are also sponsored. 
These programs offer specialized training to  diversified groups of 
p t i c i  pants- 

Prnmer Student Trainees. Technical-minded students are provided an opportu- 
nitlf to advance their education by practical experience during summer employ- 
uent at AEC laboratories. Insofar as possible, the summer jobs are oriented to 
the students’s field of interest without regard to regional locations. Left photo 
& o m  Fred Lewis, a summer trainee with Pacific Northwest Laboratory, making 
a final correction on a schematic design for a facility to test an  axial flow sep- 
mtor. Lewis is in his senior year at Southern University, Baton Rouge, La., and 
Forking toward his B.S. in mechanical engineering. Eleven college students from 
throughout the U.S. participated in Pacific Northwest Laboratory’s aummer train- 
ing Program. On r i g h t ,  an Argorme National Laboratory staff member shows 

Flowers, a University of North Carolina student, some of the sophisticated 
h;uawre to be used in his nuclear research work. 

5 0 1 0 0 2 4  
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Specialized Training Courses 

During the year, specialized training courses were Sponsored 
following basis : 

Radioisotopes techniques courses. The ORAU, under contract Riu, 
AEC, conducts a rariety of special courses in radioisotope researp6 
and anal~-tical techniques. During 1966,133 scientists, engineers 

Medical qualifications courses. ORAU also conducts basic tPaini,, 
courses in the handling of radioactive materials and prorides cliniral 
experience in the use of radioisotopes for  diagnosis. Seventy phv 
sicians attended these courses. 

mnpus Mobile radioisotope laboratory courses. Intensii-e %week 0n-m 
training courses in basic radioisotope techniques were provided for 
faculty and students by means of 3 mobile laboratories which T+it4 
43 college campuses. I n  all, 199 faculty and 420 students receird 
instruction during the year. 

Technicul scholurship progrum. A pilot program vas started in 1 9 ~  
wherein 10 outstanding technicians, employed by AEC contractoq 
were provided an opportunity to complete their education at the bar. 
calaureate level. Eligible employees must be able to compleh 
academic requirements in two years or less. Two employees, each, fror, 
&4rgonne National Laboratory, Brookhaven National Laboratory, 
Alamos Scientific Laboratory, Lawrence Radiation Laboratory, Lirer. 
more and Oak Ridge National Laboratory were enrolled in eight uni. 
versities across the country in this pilot program. 

On til, 

siciam, faculty members, and others attended these courses. 
Ph.. 

c. 

. 

-I 
u 

CI +llobiEe Training Laboratory. Three mobile radioisotope training laborntoria 
run'ere operated during the year by the Special Training Division of Oak 
W-Ridge Associated Universities in the AEC's program to provide short mdioisvfW 

techniques courses to small colleges throughout the country. These laboratod@ 
pmvide instruction and training in basic radioisotope techniques €or s b t h  fiCukT 
members and students at small colleges which have limited staff and essentiap 
no appropriate facilities. They also provide additional training support som 
facule  institutes a t  universities conducted during the summer. During the Feyrz 
a total of 43 colleges were visited for two weeks' special training at each site 
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puerto Rico Nuclear Center (PRXC), with facilities located 
pedras and Rf nyquez, provides graduate and undergraduate 

st ,,ltio]l and research opportunities primarily for Puert o Rican and &~ ' . ijmerican students in nuclear science and engineering and in the 
lJti11 * icilfion of nuclear techniques in agriculture and medicine. The 
sd is operated bx the Vniversity of Puerto Rico under contract with 
@llrcr 

jlore than one-third of the staff-effort a t  the PRXC involving re- 
q,ircil programs in marine biology, tropical ecology, food irradiation, 

;,tion effects, and neutron diffraction continued to be supported by 
pd 4EC. I n  July, PRXC was selected by Battelle Memorial Insti- 

Columbus, Oliio-an ,4EC contractor for the interoceanic sea- the 
tde* 
lerei study-to perform terrestrial and marine ecology studies in 

,lection with the canal study (see Chapter 13-The Plowshare 

p ~ s C  entered into a laboratory-to-laboratory arrangement with 
&e Imtitute of Kuclear Affairs in Bogota, Colombia. Under this nr- 
I% (tenlent, which is financed by the Agency for International Devel- 
o p e n t  (-%ID) PRKC will provide advice and guiclance to the Insti- 
tute in developing the latter's nuclear research program. A similar 

m p l l l ,  financed by Venezuela, was established with the Institute of P 
scientific Investigation at Caracas, Venezuela. 
111 the area of training and education, 58 students vi-ere enrolled in 

&-meed degree course work on research a t  PRKC and 230 students 
sere enrolled in various individual courses given a t  PRKC during 
be 1965-1966 academic year. Of these, 32 n-ere non-U.S. citizens 
representing 17 countries. 

T l l C  

the - XEC. 

m3md* 

OTHER EDUCATIONAL ASSISTANCE 

1-nirersit ies, colleges, high schools, AEC laborat,ories and contractor 
sites vere assisted in a variety of ways through relatively sniall but 
highly specialized programs ranging from the visiting lecturer-con- 
d a n t  to the more formalized conference or symposia. I n  addition, 
educational publications are funded ranging from brochiires to 
1d)oratory manuals. 

lecture and Consultation Programs 

The XEC makes available, through contracts with the American 
Society for Engineering Educat.ion (ASEE) and the American In- 
aitute of Biological Sciences (AIBS), a broad program of lecture 
and consul tat ion sen-ices. Kuclear engineering consilltations were 



q 
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arranged by the ASEE ; such consultations included lectures, 

' I},, 
ipation in seminars, laborat o q  and curricul~ziii de.relopment 
exchange of information through faculty and student &pue,,i 

a Xational Kuclear Lectureship series to cover 15 Presentations tr. 
distinguished engineering educators. 

The ,4IBS also administered a visiting radiation biologist 

This program was further expended and formalized, to  lnake Dossitl; 0113 

gram under which 39 biological scientists spent 86 days collsultinn I%- 
lecturing a t  58 educational institutions in 38 states. e a d  

Scientific and engineering staff members of AEC laboratories al% 
schedule visits upon request to colleges and universities to deiiver 
lectures in their areas of professional interest to students and faculty* 

During the year 436 lecture and consultation visits were ma& to gi4 

institutions. These were attended by 14,690 undergraduate students; 
8,786 graduate students ; 5,264 faculty ; and 2,057 others. 

- 

Conferences, Seminars, and Symposia 

The AEC supported l'i conferences at  six universities and fire L ~ ~ c  
facilities involving 1,MO participants on nuclear subjects. The stop 
of topics included : 

I.'utrire Engineers. I n  addition to proriding the more formal education and t r a h  
ing opportunities for  students, the AEC encourages i ts  contractors to pa r t i c iP f t  
in special obserrances. As a feature of Satioiial Engineers Week, engin*hr 
students from San Fernando T'alley State College (Los Angeles, Calif.) t u n 4  
Atomics International's Kuclear Field Laboratory in the nearby Santa s l l ~ m  

mountains. Photo s h o m  a group being briefed about the SSAP-lOA-the On& 

reactor yet to be launched into space. The SSAP-10.4 was del-eloped for Ibe 
AEC by Atomics International. 
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five AEC 
The s c o ~  

: i 

h d i i r f i o ? ?  of Editcutiortal F i l m  The two insets shorn Scenes from a n  educa- 
tion:il uiovie rewntly filmed a t  the AEC's Mound LatroratorF. The film, entitled 

of Atoms", will be used in high school and college physical science classes. 
I t cv ln ins  how helium and polonium can be studied in a bqsic experiment. The 
1~ instht shows radioactive polonium 210 in a tube mounted betnven heating 
ei@trodrs during spectral analysis to  confirm the presence of polonium mid i ts  - 1. . mwactlve decay product, helium. The bottonz inset shows 
@-lighted, in a capillarg tube used in  the experiment. 

5 ?  f CJ028 

the polonium sample, 
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(1) Plasmas and Controlled Fusion; 
(2) Symposium on Xeutron Koises ; 
( 3 )  Principles of Radiation Protection ; 
(4) Conference on Fast Critical Experiiiients and Their Analysis, 
( 5 )  Impact of Bioengineering on Engineering Education ; 

s; (6) Biological Effects of Radiation and Techniques of 31easureluent 
( 7 )  Radioecology ; and 
(8) Spiposium on the Interrelation of Proteins and Il’ucleic &ids, 

Teaching Aids and Special Projects 

Among the teaching aids and special projects developed in 1 ~ 6 ~  
were television tapes of radiation biology laboratory experiments for 
classrooill use ; tape recordings of selniiiar 1ectureS ; the writing and 
field testiilg of a laboratory manual ; and color motion picture films for 
career p idance  in the nuclear sciences. ,4 new Facd ty  Illternship 
Pilot, P r o p a m   as inaugurated to  send eiigiiieeriiig and faculty mem- 
bers to industry for one-year internships. A small brochure, “Guide 
to Kuclear Education Activities,?’ w-as preparecl. The brochure,3 in- 
tended for public use, presents an outline of all AEC educational assistt- 
ance nctirities and provides a keyed list of addressees where additiollal 
details I ~ M J -  be obtained on any specific program. 

9 Copies m a r  be obtained, without charge, from the Director, Dirisions of Nuclear Eduea. 
tlon and Training, U.S. Atomic Energy Commisslon, TT‘ashington, D.C., 20945. 
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is a part of its stewardship of the Nation's nuclear energy pro- 
'm, the AEC has the responsibility to enlarge the fund of technical 

somation available to the scientific community, and to foster public 
,de~tanding of nuclear matters. These activities take a iiumber 

oms and are conducted on an international, as well as domestic, of f 
wsm 

principal developments during 1966 included the significant prog- 
rs made towards an international system for mechanized handling 
,,f nuclear scientific and technical information ; the initiation of a 

1 joint AEC-KASS series of "Tech-Briefs"-summaries of non-nuclear, 
f AEC-dereloped technical innovations pot.ent.ially useful to  industry ; 
4 (Z quickened tempo in AEC's demonstrations and exhibits pro- 

mms, particularly in presentations abroad. i .  
INFORMATION SYSTEMS AND SERVICES 

In the face of continued increases in the world-wide volume of nu- 
2 clear research and development, the AEC further developed and 3 

refined its methods for communicating the resulting scientific and 
technical information. 

hernational Nuclear Information System 

Important progress was made during kh6 gear In the development 
of plans for a cooperative International Xuclear Information System 
in?S). Representatives of the AEC, the International Atomic 
bqg :Qgency (IA4EA), and the Soviet Union met in June and 

41 5 
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‘f the September to draft a proposed plan for IAEA cmrdhation 
new system. This plan was considered in detail by the Mernhr stag 
at a meeting in Vienna during December. Under INIS, individual 
nations or regional groupings of nations will assume the Pesponsi- 
bility for preparing English-language abstracts and indexes 
sipificant literature on the peaceful Uses of n ~ l e a r  energy produceri 
\Tithin their respective geographical areas. All participants will tbea 
share in the services and products of a oommon computer-pr 
store of information. Entil now, the AEC has assumed respons,bllit, 
for abstracting and indexing both United States and foreign nuclGr 
e n e r a  literature and for disseminating these and other 
serrices and products on a world-wide basis. 

A major step in the further development of international cooDera- 
tion in the handling of nuclear information occurred in July when 
the United Kingdom Atomic Energy Authority formally a e p d  to 
take responsibility for abstracting and indexing nuclear litemt,, 
originating in the United Kingdom. Similar undertakings were mae 
in SeptemLr by Denmark, Finland, Norway, and Sweden. 

Cooperation also continued between the AEC and the Europm 
Atomic Energy Community (Euratom) in the further developmen! 
of a mechanized nuclear information system originally developed bl: 
Euratom.’ Possible ways of employing this system as an inbP.1 
part of the 1x1s were under study at the year’s end. 

of thp  - 

Rapid Communication Experiment 

A novel experiment for rapid communication of scientific and tech. 
nical information is being planned by the American Institub of 
Physics (AIP) with support from the AEC. Under the proposed 
system, a formally constituted group of worldwide high-energy ph6- 
cists would be established. Each of the members would send’his 
unpublished communications, both formal and informal, to a central 
point, where they would be reproduced and distributed to the other 
members sithout delay. The AIP is studying existing comruUnic%- 
tions practices among high energy physicists to determine the f&- 
bility of introducing the new system. 

Specialized information Centers 

I n  recognition of the increasing difliculty which scientists and 4- 
nwrs experience in assimilating the mags of valuable info& 

See p. 282, “Annual Report to Congress for 1965.” 

Herit Badge Win 
AEC mnsors  the 
the Boy Scouts of 
qualified for the il 
intemals through 
Canoga Park, Cali 
142 Scouts. Subjc 
the atom, radiatiol 
fwration of a tra 
@erfn, and biogr; 
QeY made as a p a r  
father Mark, SWU 
nator Of the ADC-I 

America in est 
the AEC est€ 



JANUARY-DECEb3BER 1 9 6 6 317 

fic and tech- 
Institute of 
he propoeed 
wrgy ph_vsi- 
ild send his 
to a central 
to the other 
communica- 
le t he  fwi- 

dera t ed  in their fields of interest, the AEC has wtablished 
o& a number of specialized information and data centms. 

nwrs provide critically evaluated compilations and a variety rj,@ 
0 d' new centers were established by the AEC during 1966, and l-llree 
~~~~~ *them, started in prior years by AEC contractor organizations 

*he of their own staffs, began providing information services 
fur 

d SUPP 

er needed information services. 

ieit Badge Winners. As a part of its technical information programs, the 
AEC sponsors the awarding of the Atomic Energy &erit-&idge eo members Of 
tbr Boy Scouts of America. Photo &ows three Los Angeles area Boy Smuts who 
qualified for the Merit Badge by enrollment in 8 +week course which irp given at 
inrerrals through the year under AEC auspices at Atomics International (AI)  at 
mega Park, Calif. The first seven such courses over 1% years have graduated 
1% Scouts. Subjects studied include nuclear fission, chain reaction, structure of 
fh atom, radiation detectors, health physics responsibilities, radiological physics, 
*ration of a training reactor and cobalt 60 gamma facility, history of atomic 
Wrgg, and biographies of its major contributors. Displaying reactor models 

made as a part of the course are : (left  to right) Scout Mike Ludlow and his 
Mark, Scout Andy Jordan, Scout Preston Burrow, and Bud Loba (coordi- 

of the BEE-Boy Scout program a t  AI) .  The AEC m s t e d  the Boy Scouts 
#America in establishing the Atomic Energy Merit Badge in 1963. During 
mt the AEC established a Liquid Metals Information Center at Canoga Park. 
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OVe.red tV to the general scientific community. The subject areas 
these six centers and their locations are as follows: 

Su IJ ject Locaf ioii 

New Centers : 
Liquid Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Atomics International, Canoga park, ~~ 

Suclear Desalinization_____-_. Oak Ridge Sational Laboratory, T ~ ~ ~ ~ .  
Criticality ___________L_______  Oak Ridge Sational Laboratory, Term 

Accelerators __________  - _--- -- Oak Ridge h'aii0m.l Laboratory, T~~ 
Fused Salts ___________  - ____-- Sandia Corp., Albuquerque, X. Mex, 
Gamma Ray Spectrum 

Catalogue _________________. Xational Reactor Testing Station, Idaho 

Uit. 

Centers which expanded serrice : 

ed in Table 1, Appendix 8, lists the 25 centers currently support 
whole or in part by AEC. Further detail as to the subject scope 
ered and services provided by each center and the users for ahorn 
services are available is provided in a "Directory of 1,s~~~ 
Specialized Information and Data Centers." 

Depository libraries 

A new AEC depository library was established at. tho XationaI Ref- 
erence Library, London. The closing of four others in the XTnited 
Kingdom reduced the number of AEC depositories outside the t-liited 
States to 78, located in 55 countries and 5 international organizations. 
A new depository was established at Idaho State University, Pocatello, 
bringing the number of AEC depositories within the United States to 
97, located in 46 states and Puerto Rico. The size of a typical domestic 
document collection increased to  about 90,000 titles (&4EC reports 
plus tbose foreign reports abstracted in Nuclear Science Abstracts). 

A list of AEC Depository Libraries is given in Table 2, Appendix 8. 

Facility libraries Presented to Universities 

During the year, the AEC presented two collect.ions of te&~iical 
material no longer necessary to ,4EC operations to universities. -4r- 
rangements for the transfers were made through the General Services 
Administration and the Department of Health, Edwtion? and 
Welfare. 

U. of Missouri. In connection with the sliutdom of the Weldon 
Spring Plant, Mo. (see Chapter &Source and Special Nuclear 31%- 
terials), the extensive technical library at the facility was donated t o  
the Cniversity of Missouri's Xorniandy campus. The library coiiGst3 

' Awilable free from the USAEC, Division of Technical Information Extension. p.0. 
Box 62, Oak Ridge, Tenn. 371830. 
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r&nate ly  3,000 volumes of textbooks, handbooks, monographs, 
,difi&, encyclopdias, and international conference reports on the 
ceful uses of atomic energy. The donation to t>he university also 

,arts Kith the necessary reading equipment. 
ref u. of New Mexico. some 2,400 research x-olunies-wldl had an ac- 
uisition value of $36,000--stored at the AEC‘s Los Alarnw Scieiitific 
4 baboratoq, N. B k . ,  Were presented to  the riiiversitj- of XeTT- BIesico 
in oGt,&er. The reference publieations d l  ’be placed in the Uni- 
Tefiity’s Medical Library in Albuquerque. The Los Alamos staff n-ill 
corltin~e to hare research access to the material. 

of PPP 

included P approximately 20,000 unclassified microcards and microfiche 

Conferences 

Conferences give TT-orkers in various fields the opportunity tp n1ee.t 
Vith their colleagues to present and receive fresh information about 
current work, and to discuss this work critically on the basis of coinmoll 
aperience and howledge. The AEC continued its supp,ort of se- 
lected conferences related to its programs. Eleven such conferences 
or, nanized by U.S. professional groups were supported cturing the Fear. 
The ,4EC also organized United States participation in 12 conferences 
conducted by the International ,4tornic Energj- Agency. The 
conferences are listed. in Tables 3 and 4, of Appendix 8. 

TECHNQLOGY UTILIZATION 

Experimentation continued on ways to  facilitate the transfe.r to the 
nonnuclear industry of innovations resulting from AEC-sponsor-ed 
research and development. 

“AEC-NASA Tech Briefs” 

The AEC and the Kational Aeronautics and Space Administration 
(NASA) began, in August, the joint issuance of a series of business- 
oriented summaries of selected non-nuclear devices, processes, and tech- 
niques developed a t  Argonne National Laboratory. Known 
as “AEG-NASA Tech Briefs,” they are distributed by both ,4EC and 
X-.4SA and are sold, for 15 cents each, by the Clearinghouse for 
Federal Scientific and Teclinical Information, Springfield, Va. 37831. 
If the program appears successful, it may later be expanded to include 
innovations developed a t  other AEC-supported research facilities. 
-‘AS14 has for several years been issuing a similar series called ‘‘NASA 
Tech Briefs,?‘ based on innovations developed in its own programs. 

5 0 ] Q$ 3 240-678-6i--22 
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Offices of Industrial Cooperation 

AEC’s technology transfer work has centered at offices in Indust~al  
Cooperation (OIC’s) at Argonne National Laboratory and Oak  id^^ 
National Laboratory. These offices operate principally to promote and 

at 
maintain the types of indiridual laboratory-industry contacts th  
can result in actual “spinoff?’ of AEC-dereloped technology into com- 
mercial use. Occasionally the Argonne and Oak Ridge Kational b~ 
oratories also use the offices for contacting industrial groups. Thus, the 
Argonne OIC, in addition to acting as focal point for AEC participa- 
tion in the joint “Tech Brief” activity with NASA, described abope, 
hosted three briefings for industry by members of the laboratory staff 
to explain the Federal Government‘s technology transfer proparns. 
These briefings were conducted in cooperation with the Small Business 
Adniinistration and with participation by KASA4, the Department of 
Defense, the Department of Commerce, the State of Illinois, and tile 
Chicago Association of Commerce and Industry. The Argome 0gice 
also conducted a special tour of the laboratory in June for members of 
the Tool and Die Institute. 

The Oak Ridge OIC arranged four industrial briefings by labom, 
tory personnel during the year in conjunction with the Southern 
Interstate Nuclear Board to present information on AEC develop. 
ments in instrumentation, equipment, and materials technology. 

PUBLISHING ACTIVITIES 

The AEC sponsors publication of text and reference material on 
nuclear subjects to help meet the informational needs of engineers, 
scientists, and students. 

Nuclear Science Abstracts 

AEC’s semi-monthly journal “Nuclear Science Abstracts?’ (NSA) , 
the principal source of information on the world% literature in the 
nuclear field, abstracted and indexed approximately 50,000 items (re- 
ports, articles, boob, conference papers, ek.). 

Foreshadowing the development of an international nuclear in- 
formation system, discussed above, NSA was sent to recipients in 66 
foreign countries. These included AEC depository libraries, foreign 
governments, and other organizations having publication exchanp 
agreements with the AEC. The AEC received in return regular 
issues of 551 foreign journals, approximately 3,800 research and 
development reports, and a variety of other publications. 

Tech n ica I P 
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5dentifi~ Books 

The ~ d u m e  of information reflecting advances in nuclear science and 
~ ~ ~ o l o g y  continues to grow dramatically both in size and complexitF. 

t& ,ecopizing the need of scientists, engineers, teachers, and students to 
*me of the larger segments of this infornlation compressed into 

dily usable form, the AEC has for 20 years sponsored the prepara- 
I+@ 

of manuscripts for specialized text and reference books and 
llblished the proceedings of outstanding conferences and symposia. 

T list of the more important volumes published in 1966 appears in 
;’;,ble 5,  of Appendix 8. Of special interest among the year’s publica- 
iolls n-as a bibliography, “Biological Effects of Ionizing Radiation,” 

~1~j-3097,  Ti-hich contains nearly 13,000 references to the world’s 
n,di:ltion biology literature for the 60-year period 1898-1957. 

r 

Technical Progress Reviews 

Tlie quarterly review journal “React or Fuel Processing” was merged 
sfter its fall issue into the journal “Power Reactor Technolo,rrg.” 
Tile journal ‘ ‘~uclear  Safety” was expanded to include two new 
fe3j-t.ures-abstracts of all articles, and summaries of results of nuclear 
afety research and development. These Technical Progress Reviews 
am prepared for the AEC by the staffs of prominent laboratories. 
They condense, review, and evaluate the most recent technical litera- 
ture for the information of scienists, technologists, and managers in 
tlie respective subject  field^.^ 

Educational Literature 

Eleven new titla, five in the life sciences, were added to AEC’s 
popular “Understanding the Atom” series of educational booklets. 
Revised editions were published of seven older booklets. O m  of 
these, “Nuclear Terms-A Brief Glossary,” was greatly enlarged 
following extensive technical review. Written in mn-technical lan- 
guage, the 38 titles now available * include some coverage of virtually 
all AEC programs for peaceful uses of ith~ atom. 

*Annual subscriptions are sold by the Superintendent of Documents, US. Government 
Prlntlng OfBce, Washington, D.C. 204.02, at the following prices : Nuclear Safety, $LOO ; 
&actor Materials, $250 ; Power Reactor Technology, $2.60 ; and Isotopes & Radiation 
Technology, $2.50. ‘ See Table 6, Appendix 8 for complete listlng. 
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DEMONSTRATIONS 
AND EXHIBITS 

Through its demonstrations and exhibits prorrxni in tile unitrvl 
States and abroad, the ,4EC fosters the g m h h  of lluclear knowlpdh 
for working scientists and engineers, managers, students, and t l  

public interest and stimulated increased local efforts devoted to 
f ul uses of nuclear energy. 

general public. I t s  international exhibits have created TT* 4 
’d@PR,d 

“ATOMS IN ACTION” SCIENCE CENTERS 

More than 300,000 visitors and participants were attracted to 4 
“Atoms in Aotion” Science Centers presented in San Jose, Costa 
(March 8-April 4), Utrecht, The Netherlands (March 1-28), Dublin. 
Ireland (September %--October 23) and Managua, Xicaragpa (oC 
tober 17-Kovember 13) at the invitation of the host countries, 

Besides exhibits and demonstrations for the public, the presenta. 
tjons a t  these centers included : scientific investigations conducted 
c.ooperatively by U.S. scientists and those of the host country; tmin- 
ing of host-country professional ljersonnel in nuclear technique: 
scientific lectures and seminars ; technical information referen@ 
rooms equipped Kith technical literature and films on nuclear sub. 
jects ; and specialized instruction for secondary school science stu- 
dents and their teachers. 

Attendance and participaiion a t  the four presentakions mas a 
follows : 

Utrecht mbblifl &VI3 JOSC M a w #  
General public- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  62,000 65,000 78,000 62,009 

Technical information reference 
Secondary school science classes- - 4, 400 7,600 5,600 t m  

5,600 4, XMJ 6,000 10,000 room _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ----- 

European Presentations 
c7 

- cl. 
~3 
a 

The original “Atoms in Action” pavilion, first used at Tokyo in 
1959, was used for the last time at Utrecht. To replace it, a hr,p 
parilion, used previously in Latin America, was renovated and 
furnished. This double-domed, air-supported, rinyl structure, which 
has an area of 22,000 square feet, had its European premiere at  Dublin. 

Utrecht showing. A unique feature of the European centen is a 
lo-kilowatt (thermal) pool-type research and training reactor. *kt 
Vtrecht, the reactor was used for 238 hours to  conduct classes and 
variety of experiments. The latter included the neutron actilTatior! 

W R5pa.2 Visitor. 
iziiren a specia 
is shown here 
training react 
of experiment 
Action” showi 
Nonagua, S ic  
c”ron-th of nuc 
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,Ivsis of special aluniinum pellets, work which required a neutron 
nnL cllot available hI two T)utch research reactors at Petten, The 
$&1* f1llS lands’ nuclear experiment a1 f acilityv. 

,njunction with b’i4toms in Action,?? The Ketherlands iltoom- 
%11d the AEC joint.1~ held a month-long series of scientific I n  

f,)Im 
The 

ants included 20 U. S. and 60 Dutch scientists; 3,800 profes- 
SioP prsonnel attended. 

At Dublin, “Atoms in Action” was co- 
i;l,O,lSOred by the Bops1 Dublin Society. a national cultural and scien- 
tific organization. The center’s research and t8raining reactor was the 
f;fit reactor t,o be operated on Irish soil. It was used primarily in 
tr.ining experiments for Irish university students. The gamma 
f8ciliv was used priacipally for experiments dealing with the im- 
rol-ernent and presen7ation of agricultural products. There were P 219 irradiation experiments, involving 324 specimens. 
&kt the request of Ireland’s Ministry of Education, evening sessions 

of classroom instruction for secondary school science students were 

tecllnical lectures and seniin,zrs at Bunnik, near Utrecht,. - 3 11 
p:1 rt 1 ClP 

Dublin showing exfended. 

Royal Visitor. At her own request, Queen Wilhelmina of The Netherlands was 
dren a special tour of AEC’s “Atoms in Action” Science Center at  Utrecht. She 
b shown here inspecting the center’s 10 thermal kilowatt pool-type research and 
training reactor n-hich was operated for 238 hours for class work and a variety 
of esperiments during the Narch 1-28 showing. During the year, ‘‘Atoms in 
Action” showings were also held in Dublin, Ireland ; San Jose. Costa Rica ; and 
xanagua, Nicaragua. as a part of the  AEC’s international effort tu foster the 
non-th of nuclear knon-ledge. ,. 
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added to the usual morning and afternoon sessions. 
50 percent expansion, it proved impossible to accommodate 
classes for vi-honi instruction was requested. Accordingly, the lri 
Government transmitted through the American Ambassador a re 
for an extension of the center‘s stay in Dublin d i c h  led to the 
remaining open fire days longer than originally scheduled. 

Even with 
all the 

a), 
west 

Dublin Opening. The AEC’s “Atoms in Action” Science Center, housed in a 
double-domed, air-supported plastic pavilion opened fL t Dublin. Ireland, on 
September 29. Photo above shows part of the opening day Ceremonies as the 
Irish and American flags were raised. In  photo below, -4EC Chairman Glenn T, 
Sesborg demonstrates the operation of the reactor Control W W k  t.0 Dr. Ern% 
Walton, Nobel Prize winner for chemistry (Zeft)  and Prime JIinister Sari 
Lemass (right)  after Dr. Seaborg and President Earnon DeValera Of Ireland had 
officially opened the exhibit. 

1967 Schedu 

I n  1961, ‘‘_ 
Ankara, Tu  
Tehran, Iran 

The *4EC 
desalting ex1 
in Bari, I ta] 
creasing den 
changing sal 
dual-purpost 
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Latin American “A4toms in Action‘? Center includes one pro- 
ot found in its European counterpart : month-long training 

p 3 l l l ’ j ~  r on in medicine, radioisotopes in research, wld 
Ffilnl 

li,,intenance and repair of nuclear instruments. These three courses, 
~ ‘-.mled to prepare host-countg professional personnel for immediate 
t‘ t t J r  pnrticip3.tion in peaceful nuclear energy programs, were filled to 
c3pt& 

Jose center. In conjunction with the “Atoms in Action” show- 
- Sari Jose, Costa Rica conducted its first national science fair 

i&p In condnrY school students. Three winning entries were displayed f(jr se 
gf the center. me research program a t  San Jose centered around the pool-type 
5;Jm-&e cobalt 60 gamma irradiation facility where 1,214 irradia- 
tions were performed. Most of the work invoh-ed participation by 
the university of Costa Rica and/or the Xational Council of Produc- 
tion. Seventeen research projects were begun, of which 15 are con- 
b ~ g  for a year or more. I\lost of these are directed towards im- 

or;ng .the quality, storage life, or other characteristics of rarious Pr foodstuffs important t o  the well-being of the area. 
Managua showing. I n  Nicaragua, beans are important to both the 

national diet and the economy. Consequently, the gamma facility at, 
-,itoms in Action” in Managua was used to  study the potential effects 

4 of radiation on bean genetics and on the palatability of stored beans. 
I ~ 1 ~ 0  studied were the possible uses of radiation for insect control, for 
f preservation of various fruits, and for I-iability studies on corn, rice, 
~ Imn, cotton, and avocado seeds. Conducted in close cooperatioil with 

Xicaraguan universities and government agencies, some of these 
studies will continue for as long as two years. 

f 
I 

in both San Jose and Managua. 
5 

f 
f 

I 1967 Schedule 

4 

3 3 

In 1967, “Atoms in L4ction” Centers are scheduled for the spring in 
-M-ara, Turkey, and Panama City, Panama, and for the fall in 
Tehran, Iran, and Quito, Ecuador. 

f 

1 
3 a OTHER INTERNATIONAL EXHIBITS 

The AEC and the Department of Interior cooperated in a nuclear 
desalting exhibit for the United States P a d i o n  a t  the Levant Fa i r  

Bari, Italy, September 7-20. The exhibit highlighted rapidly in- 
Wshg demands for freshwater, explained the various methods for 
changing saline -cater to fresh, a.nd described the adrantages of large, 
dual-purpose reactor plants for heavily populated areas requiring both 
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ments, month-long training courses, and  general infOI’matiOn exhibits, the 
“Atoms in Sction” Science Centers are fostering the growth Of nuclear hxowldi 
among scientists, students, and  ,the general public in Latin hm5ca.  In Phobe 
7cft above, AEC Commissioner Samuel N. h’abrit (center) is shown with 

ragua, Lorenu, Guererro Gutierrez ( r i g h t )  as the President Cuts the ribbon om- 
ing the “Atoms in Action” Science Center in  Nanagua, Xicamgua, on October 
photo, r i g f i t  abme,  shows a Fricke dosimeter being I)laced in a melon t o  mQsurp 
the internal radiation dose given in the cobalt 60 food irradiatoT. Research 
the centers hw been concentrated on agricultural problems of local interw 
Ivhich may best be approached utilizing the scientific resources of the exhibit. 
Of the four “btoms in Action” showings in foreign countries during the ;rear, 
the one at San Jose, Costa Rica, drew the  largest general public attendance. f c  
lihoto bcEotc;, the use of a multichannel analyzer is demonstrated to Gosta 
science teachers. 

Ambassador to Xicaragua, Aaron S. Brown (left) and the President of xis- .L.. 

cn 
0 

0 
0 
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of electrical power and additional supplies of potable 

Three limited-capacity, non-nuclear desalting plants manu- 
by U. s. firms were displayed. Two of the p1:~nts were sold 

CtBB b rZ  
cP@* 
fs ct Used 

to lt’ly-k~c displayed information on nuclear desalting, peaceful 
TI16 nucleqr explosives, toll enrichment of uranium, and the AEC 
.lisn power reactor dwelopment program at hTTCLEX-66, an 

Gtjon devoted to the nuclear industry held at Basel, Switzerland, 
mbr 8-14 (see also Chapter 17-Industrial Participation). 

eration wit11 the US. Information *4gency, a special exhibit 
In?: Better Life From the Atom‘s Rays” was displayed in 

at the Bawkok Trade Fair, Novexher 16-December 16. 
,-, &bit explained the benefits of gamma irradiation in food 

ation, creation of new plant varieties, disinfestation of grains, 

#P@ 

titled 

Tb 

m a t  of plasticized wood. 
P W  derilization, package sterilization, and polymerization improve- 

PRESENTATIONS IN THE UNITED STATES 

n e  AEC, tlirough traveling exhibits and demonstrations, fosters 
the understanding of nuclear energy among students and the general 
public. 

Setondav School Demonstrations 

Traveling “This Atomic World” lecture-demonstrations were 
presented before more than million students and their teachers 
in some 1,800 secondary schools in 27 States during the year. In this 
pr~,mm, trained teacher-demonstmbrs first make a 45-minute 
presentation to the entire- student body, then consult with science 
tmchers and deliver more specialized lecture-demonstrations to 
selected science classes. 

Vith its 11 traveling lecture-demonstration units, AEC can service 
only about 7 percent of the nation’s 29,000 secondary schools each year. 
In 1966-67, therefore, the AEC and Texas A & &I University are 
exploring means whereby this coverage may be expanded. The 
AEC is supplying the demonstration equipment and the van for 
transporting it. The ,4EC also provided training for a teacher- 
demonstrator selected by the University. The university is paying 
the demonstrator‘s salary and expenses and is scheduling the presen- 
tation to Texas schools during the academic year. If this arrangement 
is successful, it may be expanded into otslier areas where universities 
or other State.-supported -educational organizations are nilling to 

I ;$w similar co-sponsorship. 
- 
z3 
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Circulating Exhibits for Museums 

“dded a Completion of the “Life Science Radiation Laboratory 
fourth major exhibit to the AEC’s circulating exhibits th 

are carried out with plants, animals, and fish which have 
irradiated or “tagged‘: with radioisotope tracers. There is also 
lecture-demonstration area where some of the newest imovatioas 
in science teaching are employed. The exhibit premiered at th_e 
Smithsonian Institution in Washington, DOC., from mid-Appjl 
through Labor Day. It then moved to Kern York City’, newly 
reopened Hall of Science. 

museums. It features a biology laboratory where actual experheQt!: at 

b- 

iffuseurn Exhibits. 
est traveling exhibits prepared by 
Ridge Associated Universities for 
AEC is a large “Life Science bb. 
tion Laboratory,” designed for a. 
tended showings in museums thro- 
out the country. Shown above ir! 1 
par t  of the demonstration a m  durbg 
the showing at the Smithsonian IC 
stitution, Washington, D.C. The 
AEC’s traveling “Atomsville, U.SA* 
exhibit, designed especially for chE 
dren in  the 7-14 age bracket, 
its one-millionth visitor (shorn et 
left) in August, during a showing at 
the Chicago Museum of Science and 
Industry. The youngster vas P* 
sented with a commemorative P l W a  
a complete series of the AEC’S ‘0- 
derstanding the Atom” booklets, andr 
non-hazardous radioactive dime 
the American Museum of ~ t o d ‘  
Energy in Oak Ridge, Tenn. 

One of the npr. 

Ball of Science 0 
AEC representatil 
at the September 
fating with a lar 
which is for  child: 
during the New PC 
John B. Lindsay oj 
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Domedic Exhibits 

biyour Stake in the Atom”, featuring animated audience-partici- 
pBti0n devices and a lecture-demonstration, appeared a t  nine State 
rod mgional fairs during the Summer and early fall, before nearly 
I .  050,000 persons. 

~ h g  the summer, the American Museum of A4tomic Energg at  
osl; Ridge, Tern., remained open an additional five hours ea& day 

IO pm.)  to accommodate the area‘s increased tourist flow. 
nritl1 t h se  additional hours, summer attendance increased 27 percent 
orer the prerious year. The highest one-day attendance in tfie 
Uuseurn‘s 17-year history, 1,9012 persons, was recorded on August 3. 

Ball of Sc ie~ce  Opening. Commissioner Wilfrid E. Johnson was the principal 
AEC representative at  the opening of the Hall of Science of the City of New York 
st the September 21 opening day dedication ceremonies. The AEC is partici- 

with a large exhibit on nuclear energy, including ‘*L4~mviUe,  U.S.A.,” 
RECh is for children 14 years of age and under and drew considerable attention 

the New Tork World’s Fair. To ~ @ h t  of Commissioner Johnson is Mayor 
John B. Lindsay of Ken* Tork City. 

1 2 4  , a  
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The Oak Ridge Museum and AEC traveling exhibits in the united 
States are operated for the *4EC by Oak Ridge A4ssociated 
sities, which also designed and fabricated the public dernonstPati,rn muer- 
area for the "Atoms in Action'? Science Center used for the first timp 

at  Dublin. 

+ 

PUBLIC INFORMATION 
AND FILMS 

The AEC h w  placed increased emphasis on informational seR7., 
ices to the public in line wit.h the President's quest to all Govern- 
ment agencies to improve their service and communications aitb 
the public. The AEC's activities have included the holding of mum 

P; on telephoiie courtesy and techniques; courses in plain letter writin 
attendance at civil SeroiC0  mission SemiIlars O n  c o u ~ ~  and 
efficient service to the public; increased emphwis on AEC exhibits 
and on visits and tours of BEG facilities; free public exhibitio~ of 
atomic energy films on a regularly scheduled 'basis; Organization 
of speakers' burems for civic groups and other organizations; emph=iis 
on community senics activities; and general improvements in 
directional signs and facilities in reception areas of AEC buildin@ 

Aid To local News Media 

The AEC's public information staff has responded to the surge in 
utility interest in building nuclear powerplants with assistance to 
utilities in connection with their programs to improve public under- 
standing of nuclear power. This includes providing informational 
materials for informing customers, employees, and for use of I d  
news media to explain the operational .and safety aspects of nuclear 
plants in non-technical language. Members of the staff have partic- 
ipated in regional vorkshops for utility executives on public infor- 
ma.tiona1 aspects of nuclear power and have held meetings with 
utility executives on the same subject. 

-t 

L'i 

5 ATOMIC ENERGY FILMS 
3 
- 

Use by the public of atomic energy films continues a t  a high lev& 
The &4EC?s 10 domestic film libraries loaned prints of films on 
atomic energy for  91,944 showings and 15 new motion pictures r e a  
added to the film libraries during the year (see Appendix 9 for sum- 
maries of new films and the locations of filni libraries). ,4EC films 
were also used widely on te.lexision, in interna.tiona1 exhibits, and 

u 
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x.otio,tn2 Scic'ncu Youth Dag. Despite their remote locations and heavy snow at 
mth SitpS. the AEC's SatiOnal Reactor Testing Station (XRTS) in Idaho and 

Aklamos Scientific Laboratory (LASL) in Xew Blexico, drew large crowds 
of high school students for  the annual Sational iScience Day Observance. In 
I,ht,tc, nbocc, high school senior science students from Montana and northern Utah 

an esplanation of the Zero Power Reactor (ZPK-111) at the National 
nractor Testing Station. More than 1,300 students from Idaho and  adjoining 
priltes made 600-900 mile round trips for the commemoration of the  119th 
1,irthday (February 11) anniversary of Thomas A. Edison. Photo below shows 

few of the some 800 students from Sew Mexico, Arizona, Colorado, Texas, and 
CAlifornia who visited LASL and heard a n  explanation of the  Vela satellite 
progam. 
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through the AECs and U.S. Information Agency (USIA) 1. 1bNrier; 
abroad. Thirteen films were entered in five foreign and one v,s; 
film festival. 

Film Showings 

Stocked with 9,362 prints of 313 popular and professiona1-level 
films, the ,4EC?s 10 domestic film libraries loaned prints for ga Tx 

- 9  10 
showings which were viewed by more than 3,320,000 persons in higl, 
schools, institutions of higher learning, industrial organizations, sei. 
entific and engineering groups, service Clubs, etc. There were 398 
educational and commercial channel television showings with audi- 
ences estimated at about 36 million. 

International Aspects 

AEC motion pictures were integral parts of three exhibits: 
NUCLEX-66 in Basel, Switzerland, and “&oms in Action” in Dublin, 
Ireland, and in Managu,z, Nicaragua. 

Loans of approximately 200 motion pictures, largely on 5 pro- 
fessiona*l level, were made from AEC‘s liaison offices in London? 
Tokyo, Brussels, and Buenos Aires, the latter tAT0 libraries s u p p ] ~ b ~  
French and Spanish versions of many of these films. The US of 

AEC films by foreign sc.ientific, industrial, and educational organi- 
zations has greatly increased during the past year with Australia 
and Holland leading the list.. Production services were provided to 
make Spanish, Dutch, and Japanese language versions of select4 
films, and also to TV and film producers from the International At~ora;c 
Energy Agency (IAEA), England, Germany, and Japan, in pro- 
viding stock film footage, atomic energy information, and arranging 
for new photography. 

The dep i to rg  of atomic energy films, both English and French 
versions, at the National Science Film Library of Canada (in Ontario) 
is serving increasing needs of Canadian scientists, industry, 
universities, and scientific and educational organizaitions. 

The AEC continued to supply films to : the American Film Libwq 
in The Hague; the film library of the IAEA in Vienna; the U.S. 
Information Service Office in Stockholm for us8 throughout Scan- 
dinavia ; the *4gency for International Del-elopment (AID) for use 
in Brazil, Bolivia, and Mexico ; USIA for use in Turkey and Formom : 
and prints of “First Reactor in Space: SNAP-IO,Q” to USId for 
worldwide distribution. 

- 2  1 c S k 1 - I  
L’ ri c &# I 



!e exhibits: 
” in Dublin, 

on a pro- 
in London, 

The use of 
nal organi- 
1 Australia 
wovided to 
of selected 
nal Atomic 
tn, in pC>- 
arranging 

s Supplying 

nd French 
n Ontario) 

industry, 

m L i b r q -  
? - the E.S. 
.out Scan- 
)) for use 
Formosa : 
XIA% for 

CLASSIFICATION AND 
DEcLASSIFI CAT1 ON 

A p d a g  objwtim of the AEC classification program is to make 
,&&le to industry, science, and the public, as much project- 
developed infomation ‘as possible without endangering the common 

and security. The AEC has -been accomplishing that pur- 
through continuous review of its classification rules and guides F and through the vigorous pursuit of a program of document review 

to insure that all possible AEC program-developed infomation is 
made generally available. 

Classification Policy 

In a further effort to meet the primary objective mentioned above, 
fie Commission requested in March that its classification staff and the 
committee of Senior Reviewers (see Appendix 2) conduct a m- 
pmhensive and detailed study of the AEC’s classification policy. 
The study was to be made in light of the current “state of the art” of 
atomic aergy information, both at home and abroad, to determine 
how current classification policies could be altered to provide an 
even greater flow of atomic energy information to indust.7 and the 
general public without endangering the common defense and security. 
This study is expected to be completed by early 196?. 

Interagency Coordination 

In  the space power and propulsion a m . ,  the Department of Defense 
(DOD) and National Aeronautics and Space Administration (NASA) 
as well as the AEC are generating information and making much 

3 
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of i t  public.ly available. To avoid release by one agency of infor, 
mation w l d i  another 'believes important to hold for the 
defense and security, tlie AEC suggested in late 1965 that tile tilrw 

W S  
Ir-ork together to develop security classification plinciples and 
on xj-hich all coiild agree and adopt. There 1x1s been a series of joint 
discussions during 1966 with the DOD and XASA 011 a ColillnOn p,l. 

I Py 
for declassifying information in these fields. AS a result of these di;- 
cussions, as concerned n-it11 space electric p o m r  systems, a greater arid 
more consistent. release of useful information for potential conlmercial 
application would be possible. For example, it has been lmssible for 
tlle -4EC to clecl:issi€y most of tlie teclinical information CoI1cerlljnn 
isotopic systems being derelopecl for use on land, and in or on the E 

Documents Declassified 

-1 continuous review of AEC classified clocuments is conducted 
so as nlally as possible can be released a s  their subject areas become de- 
classified. ,4bout. 14,000 documents were thus found declassifi:,ble 
during the year and made available for public use. 

ACCESS PERMITS AND 
PATENT INFORMATION 

As more and inore areas of nuclear information have been declas- 
sified, the AEC's Access Permit program has declined over the past 
11 years; a t  the same time, tlie portfolio of nuclear energy-related 
patents arailable for domestic and foreign licensing has continued t o  
gr0lT. 

ACCESS PERMITS 

The AEC's -4ccess Permit Program was established in 1955 to per- 
mit industrial organizations to  obtain access to Restricted Data per- 
tinent to civilian applications of atomic energy. The program pro- 
vides for controlled dissemination of that portion of atomic energ  
information which is required by private industry in peaceful atomic 
energy npplicnt ions, and which cannot be declassified without undue 
risk to tlie coiiimon defense and security. 

Access Categories 

The f ollov-ing categories of information are available under 
program : 

C-93b-A( 
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w h ’ u c l e a r  Technology ; 
~-5-Plutonium Production : 
C,g0-.;”u‘uclear Reactors for Rani jet Propulsioll : 
Ggl-Nuclear Reactors for Rocket Propulsion ; 
Gg2a-Systems for Kuclear S u s i l i a q  Power (SNAP) - 

Gggb-Systems for Kuclear A4uxiliary Power (SNAP) - 

~93a-Adi~anced Concepts for Future Application-Rm&r 

G93b-AdVand concepts for Future Applicatiom-Conver- 

c-g&Military Compact Reactor (MCR ) . 

Isotopic 3 

Reactor ; 

Exper.ime.nts; 

sion Devices ; and 

Number of Permittees 

hs of tlie end of h’ovember 1966, there were 427 Access Permits in 
etfeci (332 for access to Secret Restricted Data, and 95 for  Confiden- 
tial), as compared with 493 a year earlier (376 for Secret and 117 for 
Confidential). Continuing declassification of research and develop- 
rnmt work and related reports has caused the number of Access Per- 
mits to decline from a maximum of 1,432 in effect in 1958, three years 
after the start of the program. 

PATENT INFORMATION 

The AEC, in implementing its program of dissemination of tech- 
nical information and data to the public, has also taken steps to make 
ilventions and patents available to the public. The AEC has requested 
rhe issuance of U.S. and foreign patents and has prepared abstracts 
thereof for publication in press releases and technical journals, such 
E, “Kuclear Science Abstracts.’‘ Listings of patents are also fur- 
nished to interested parties and copies of U.S. patents are available 
from t1ieU.S. Patent Office. 

1966 Issuances 

During the period Korember 23, 1965, to  Kovember 22, 1966, the 
T.S. Patent Office issued 251 U.S. patents to the AEC. As a result, 
the portfolio of AEC-owned U.S. patents administeared by tlie AEC 

‘Listings published as AEC press releases during 1966: So.  IN-657 (Belgian Patents), 
J a n m S  12 ; KO. IN-663 (Japanese Patents), February 1 : KO. IS-669 (British Patents), 
b h  10; KO. IN-684 (Italian Patents), May 12; No. IS-694 (E.S. Patents), June 8 ;  

1s-702 (Canadian Patents), Ju ly  18 ; KO. IS-706 (T7.S. Patents), August 10 ; IN-712 
‘Germ3n Patents), September 1 : IN-735 (U.S. Patents), Xiorember 25 ; and IN-743 
e&m Patents), December S. 

240-6 7&6’i---23 
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and al7ailable for licensing, nox  iiumbem 3,912 domestic patents 

This illeluded 51 British patents, 50 Belgian patents, 74 c 

Patent, ’ a 
20 Swedish patents. 
sued duriiig this period were by eight other foreign coulitriN, - 15- 

$& 

AEC portfolio of foreign patents increased during this p * n e  nod bv 5 
”‘2. 

patents, 51 French patents, 32 German patents, 31 Italian patellts, “ad&, a 6 r ,  

The balance of AEC-owned foreign 

total pod folio of ,kEC-omied foreign patents llumbers 3,086 
The ,4EC granted 65 non-exclusive licenses on Goverm 

patents. At present, 1,158 non-exclusive licenses have h e n  issued 

In  addition, 623 non-exclusive licenses have been retained by &kt;p: 
tors. 

the patents are vested in the contractor, subject to a noi~-e~clusit, 
license in *4EC for governmental purposes. 

620 of the 3,912 Government-ovned patents administered by tile Qc. ‘It. 

atomic- energy in 503 patents. I n  453 instances, the title and rights lar, it, 
Contractors have retained exclusive licenses in fields other tl 

Private Atomic Energy Applications 

The Commissioner of Patents referred to the AEC 699 pdvmlp 
owned U.S. patent applications in the atomic energy field under L’ 
tion 152 of the ,4tomic Energy Act of 1954, as amended. This 
cates cz continuing interest in the atomic energy field by the industritr 
community. The AEC filed 15 directives with the Commissioner cif 

Patents with respect to the question of rights during the year, bfir-  
ing the total number of directives filed under Section 152 of the &Omic 
Energy Act of 1954, as amended, to 169. The AEC has q u i d  
rights in 98 applications, and in 62 cases after completion of invt&ip 
tiom, the directives were withdrawn without acquisition of righti. 
Seven applications are pending, two having been abandoned. 
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OPERATIONAL 
SAFETY 

966 record ShOJTS 110 unusual exper';eilce in either iiidustrial or 
TI16 

*[list io11 Sa fety at -1EC installations. Sot  a single radiation ac.cident 
r,Overninellta facilities caused any known injury to contractors' 
lol.ees or to the public. ill 

f@F 

WP ite the fact that of all routine iiidust,rial and scientific activities, 
sllrrounding the atomic energy program pose the most constant 

bW potential (radioactivity) the AEC and its contractors have 
ken near-consistent recipients of the National Safety Council's 
.-iaarct of Honor". The AEC also pursues an active pollution control 
p P m  in all of its wide spread activities to assure that radioactive 
,,tamination of the environment is eliminated, or at least held to such 
minimal level that i t  poses no health hazard if complete elimination 
not possible. 

b 

POLLUTION CONTROL 

During 1966, existing AEC facilities were reviewed and it was deter- 
zhed that, with very few minor exceptions, water pollution control 
c~easures at AEC sites met, the standards prescribed in the 1965 Execu- 
:ire Order 11288, "Prevention, Control, and Abatement of Water Pol- 
iarion by Federal Activities." 

hplementation of Presidential Orders 

The few exceptions to the Executive Order on water pollution re- 
quired mcydifiations tQ provide improved sewage treatment, better 

x adkement of possible leakage from oil and toxic chemical hmge * and, in one instance, improved treatment of chemical wastes to 

' a c e  involved treatment of water for w l i n g  towers at Argonne Na- 
f 337 

5 \ 0 0 5% 2 i axre meeting the standards in the Executive Order. The last in- 
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tional Laboratoq, and accounts for three-qunrters of tl 
total of $826,000 to  be spent on niodifications in the 1 9 6 6 - p ~ ~ ~  

to Executire Order 11282, but the findings are not expected 

le estiQQB 
At year-end, a sinii1a.r review of air pollution was underway in P%, 

any major discrepancies. O h V Q  

Pollution Control Studies 

The growing concern with pollution evident in the Executive ord% 
was shown in other inquiries and studies, for which colisiderztble e8w 
was required to  coordinate AEC'S contributions* This eff art hcludq 
providing information to numerous evaluative goups within and out 
side of the Federal Government on neK developments in enih,h: 
mentd water and air pollution control and waste management, q 

c- % examples of the need for added effort during 1966 hcluded: 

air 4naZGer. The Oak Ridge Y-12 Plant has developed a simple and inexpee.- 
air sampling system to determine radiation content of the air throughout 
Plant. The system combines a filter medium, through which air  is c o n t i I d ~  
drawn (by hose on lef t ) ,  with a computer card. Each card, with a built-in fW 
(circular black area on card) .  replaced a plastic holder at a sampling statkc 
When removed, every 24 hours, the card is taken directly to  a key punch marm 
equipped with a scintillation counter for  automated analysis and data 
on the original card. When the counting process is completed, a computer is 
to tabulate, calculate, and print out the area location where the samPl@ re 
obtained. Some 3WOO samples can be processed in about five minutes. Tz 
sJ-stem has reduced air analysis costs by 53 percent. 



d inexpensire 
roughout the 
is continualif 
built-in filter 

pling statim. 
unch machius 
ata recordirjz 
iputer is u-sxi 
samples Wf.m 

minutes. The 

JAPUTUAR17-DECEAMBER 1 9 6 6 339 
dJ- b r  the Science P o k y  Research Division, Library of Con- 
on the e~olut ion and evaluation of Federal in-hous c.apa- 
for resezirch and development in enrironllle1ltal p l ~ u t ~ i o n  

the changing neecls of the Federal Gorernnlent alld tlle 

, I )  ,\ stu ./ 

LilitT 

p b l  ic. 

PI*? 

t@ 

‘dlt(tioil Sanlples. Pollution control s tar ts  with small tributaries. The need 
)r stream samples a t  remote locations, n-here electricity may not be arailable 
) Mwer instruments. led to  the clerelopn~ent of this simple, &rarity-powered 
Wler by Union Carbide Corp. at the AEC’s Paducah. Ky., Gaseous Diffusion 
iht. This device has been helpful in the plant program for  elimination or 
dnctiou of discharge of waste chemicals. 

5 Q  I S 0 5 4  
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Uranium Mill Tailings 

During the year, tlie question of possible water 1>0]]utio~~ fPFttr 

ura.nium inill t ailings canie under eX~lliiilati0ii by the s~~bco,ll,i,,b, 
on Air and Water Pollution of the E.S. Senate Coiiiinittee oll ~ ~ 1 , ; ~ ~  
15Torl;s. AEC Titnesses testified in &fay that pollution of air or r;atc: 

by radioactirity in the effluents is not a present problem a t  all\- of 
operating uranium mills. The AEC witnesses also stated tflnt ~~~ 

centrations of radioactivity in rivers and streailis resulting from 
ings atccumulntions left at  the sites of former mill operatiolls 17pm 

well below the liiiiits listed in 10 CFR Part  20.' 
Federal 11-a ter Pollution Coiit rol -%diiiinistra t ion Fitiiessp,q 

presseci concern over potent ial long-range liazards and reconlnleIltlrJ 
that uranium mill tailings slioulcl be stabilized. Some c ~ ~ n ~ n u I ~ i ~ i ,  
near t d i n g s  piles have coinplnined of dusting and other problpm- 

Since the hearings, the AEC, tlie Federal 1Tater Pollution ColltD; 
Administraiton, and tlie Public Health Service have issueci the f td-  
lowing joint statement : 

""lie Federal Water Pollution Control Administ,ration, ti;- 
Public Health Service, and the Atomic Energy Commissioll a g ~  
that, inactive t ailiiigs piles resulting f roin uranium niillillg o p " ~ .  
tioiis should be structurally stabilized and contained to ~RTF.":: 

x-uter and wind erosion. Active tailings piles should be ninnaFd 
tJo minimize such erosion during use. 

( 6  Planning, inanagenient, stabilization, and containment of tail- 
ings piles are viewed as being the responsibility of the i n d i d d  
mill owiiers. Mill owners should deI-elop? without undue delaf, 
specific plans for  accomplishing such management, st abilizstim 
and containment, and submit such plans through the appr"pria'@ 
state regulatoq- agencies for a p p r o d .  The staffs of the Fei 

Title 10, Code of Federal Regulations, Part 'IO-Stnndards for Radiation prOW!ia 

OF 
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(’f8 jfater Pollution Control Achiinistrat ion, the Public Health 
.;,rcice, and the Atomic Energy Commission will be available to 
’ state regdatory agencies. iipoii request, to prol-ide adrice and i he ,, Sist ~ l l m  reprd ing  the developiiient of pile stabilization and 
cont,n;l~nent objectires and measures for acliie\-ing them. 

,.Colllplisnce by mill owners with appro\-ed plans for stabiliza- 
tion %lid contailmient should be recognized as constituting Rdfill- 
mellt of mill owner respoiisibility with regard to such tailings 
piles. Obtaining and enforcement of tailings piles stabilization 
,lIld colltsinment plans should rest iiiitially wit11 the states con- 
cerned.’’ 

‘G 

The 4 4Ec is continuing its study of tlie uranium mill tailings and 
rating with Federal and state authorities. i-; cmpe 

OFF-SITE MONITORING ACTIVITIES 

me safety program for each major AEC installation includes en- 
,irorunent.al monitoring around the facility. The collected data are 
iulmarized for publication in Radiological Health Data and Reports: 
nlolltWy report by the V.S. Public Health Service. Though data are 
llblisIied for  ninny AI3C facilities, the sunminry data for the Kevada P T6t, Site (NTS) are included liere because of the special interest 

in any radi0actirit.p released to the off -site environment by nuclear 
WjS. 

Nevada Test Site 

The ,4EC has recognized both the need for operational safety pro- 
 IUS to cope with day-to-clay radiologicnl problems and the need 
for long-term safety programs which are essential to the development 
of basic data and a better understanding of fallout and other effects. 
Before any nuclear test is conducted, detailed e d u a t i o n s  are made of 
any potential hazards. For these studies, the AEC solicits the advice 
of other Federal agencies and its contractors mho are knowledgeable 
an these hazards? As necessary, the specialized services of various 
hboratories and scientific and technical consultants are obtained. 

:Arailable from Superintendent of Documents, U.S. Government Printing Office, Wash- 
Inwon, D.C. 20402, $0.50 for single copies; $5.00 a year by subscription (foreign: $6.50). 

‘These agencies and contractors are as follows : the U.S. Public Health Service ; the En- 
eonmental Science Services Administration (which includes the Air Resources Field 
h e a r c h  Offlce and the U.S. Coast and Geodetic Survey) ; the U.S. Geological Survey ; the 
r3. Bureau of i$Iines ; the Environmental Research Corp., Alexandria, Va. ; Reynolds El- 
rfiQl and Engineering Co., Inc., Las Vegas, Nev. ; Hazelton-Nuclear Science Corp., Pal0 
IUh calif. ; John A. Blume and Associates, Los Angeles, Calif. ; Holmes 8: Namer, Ine., L O B  
bRlefJ, Calif. ; and EG&G, Inc., Las Vegas, Nev. 
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Off-Site Monitoring 

de\,]- 
Durillg 1966, there were 36 ainiounced underground Weapon 

opment or Department of Defense tests, 4 underpound Plovi-sl,,pe 
periments (see Table 1 in Chapter 5 for list, of detonatiolis) ex. 

1 ation tests. The off-site radiological monitoring nmr  XTS, anci a t  other 
test sites, is c.ondnctec1 for the AEC by the U.S. Public Health s~~~~~~ 

Xel-ada Test Site (XTS) ? and 5 Suclear Rocket Derelopment qt at the 

Telemetered for P 1’ o t e c t io ?I.  I& 
proved personnel radiation protR%on 
in the areas of the AEC’s prodnctim 
reactors a t  the Hanford Plant 
sults from use of radiation doserate 
telemetering equipment being der& 
oped by Douglas United Nuclear, Inc 
Radiation dose information is radioed 
from small unit worn on belt by radie- 
tion worker (photo at Heft) to a WE- 

tral control console elsevhere in the 
building (photo aboz;e). There the 
integrate3 radiation eposure for UP to 
six workers can be monitored of OJI 1 

continual basis. 
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t e c t i o n .  IU- 
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Slefec~ble levels of radioactirity were measured off -site by ground 
,,,or,iroriIlg from three of the 1966 underpound nuclear detonations : 
J:pc~ fIott Ifarch 5 : Pin Stripe, April 25 : and Derringer, September 18. 

from t.]ie Pin Stripe erent could external gamma dose-rate levels 
()It 1:. background be positively docunieiited at a. populated off-site 

The highest, dose-rats measured in a populated area for this 
was a t  HiBo, Ke~ev., a tomi about 23 miles north of the control 
On A 4 p d  25, the peak dose rate was 1.5 milliroentgens per hour 

fires. rt fiiko, I t  dropped to 0.4 milhoentgen per hour m-ithin two hours, 
on April 26 (24 hrs. later) vas down to 0.08 milliroentgen. T h e  
estimated integrated infinit.y dose delivered was about 15 milli- 

tmns (if a person remained out of doors for this period of time). toen E Approximately 1,456 film badges were issued to the 
,firsite population surrounding tlie XTS during the year and each wm 
aom for approximately one month. Of all these film badges, T-hich 

used to relate off -site exposures associated wit11 KTS events, none wm 
&offed exposures above 90 milliroentgens-the lowest detect able limit 
for these films- 

About 836 routine niilk samples were collected at  
, p p s i m a t d ~  30 difierent routine milk sampling stations during 1966. 
fa addition to the routine milk samples, 167 special samples were col- 
kted for the Nuclear Rocket Development Station activities, and 670 
p i a l  samples for weapons events. 

n e  highest radiodine content found in milk where children were 
firing was at Schofield Dairy near Hiko, There a peak level of 4.8 
mecuries of iodine 131 per liter of milk was recorded on Spr i l27 ,  
1966. This is less than one-tenth of tlie Protective Action Guide of 
he Federal Radiation Council (FRC) . As a precautionary measure 
toavoid any necessary exposures, milk COTS at Schofield Dairy were 
put on dry feed for about three week. 

Even though the levels of radioiodine in human thyroids were ex- 
pected to be low, the U.S. Public Health Senice moved its mobile 
bbFoid scanning equipment into the area and invited residents to 
endergo measurements. Low levels of radioiodine were debcted in 
b&yroids of 11 children and 2 adults on April 27, 1966. 

& ~ ’ e  

ad 

badges. 

Milk monitoring. 

‘see P. 6.3, “Annual Report to Congress for 1965” for map of station locations. 
‘A nanocurie is equal in activity to onethousandth of a millionth of a gram of radium. 
‘ I t  was reported in the 1Ws Annual Report (pg. 64) that the value of 5.6 nanocuries 

@! lodine 131 per liter of milk was one-fortieth of the FRC guide. The applicable FRC 
W e  fn  that case was for individuals since the milk was from only two cows. The peak 
wne of 4.8 nanocuries of iodine 131 per liter in 1866 occurred in milk from a sizable 
h@ herd. Thus, the applicable FRC guide is for a suitable sample of the population 

18 one-third the guide f o r  individuals. 
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The projected doses to the thyroids of those measured ranged fi 
below detectability up to 300 milliroentgens. The projected do, art, 

radic means the total radiation exposure to the thyroid expected from 
iodine present in the thFroid at the time of measurement. 
pares with normal background radiation in the Hiko-Alamo area oI 
about 150 to 200 milliroentgens per pear to the whole-body, alld is a 

*S. small fraction of the usual medical dose used for diagnostic p u q  
@0&3 

beta contamination in the off-site area around the KTS. During the 
year, samples were collected at 117 different locations. 
than 9& samples collected, 96 demonstrated positive results for fresh 
fission products (27 sampling points in 7 locations). -411 96 of thw 
positive results were attributable to the Pin Stripe event on April 
The highest level of radioactivity found was 3.9 nanocuries of i o b e  
131 per l i ter  in a sample collected a t  a ranch near Hiko, on A p d  26 
This water, used for human consumption flowed for about 1% miles 
through an open, spring-fed irrigation ditch into an open holding 
near the house. 

Gross beta radioactivity in air. There were 106 air sampling st;ltiom 
operating continuously in the are& surrounding the NTS. In  ad&. 
tion, up to  20 supplementary sampling units were employed during 
specific events. The highest gross beta activity in air in a populated 
area was measured at Ash Springs, Nev., on April 25, with a value 
of 25 nanocuries per cubic meter averaged over the 3-hour time perid 
during which the high concentration occurred. 

While the gross beta activity in the air has little ralue in detemh. 
ing radiation doses to persons, the data obtained by air samplers &re 

used by the off-site monitoring group as an indication of presence 
of airborne radioacti&y in a specific area and to determine the areas 
where milk, water, and vegetation samples should be collected. 

New facilities. The Southwestern Radiological Health Labratory 
(SWR.HL) , a unit of the U.S. Public Health Service, dedicated a new 
$6 million complex in Las Vegas, NeTr., in the spring of 1966, thereby 
adding greatly to its capabilities for radiation surveillance around 
the KTS and for research projects in conjunction with the A4EP~ 

This 

Water monitoring. Water supplies are routinely monitored for 

Of the 

- .  

test site activities. 

OTHER SAFETY ASPECTS 

I n  addition to setting up special safety programs for its spcifie 
actiyities, the AEC cooperates r i t h  other agencies to provide a d -  
ance in case of a radiological hazard occurring offsite. 
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r r r l v ~ J C  Protection. This suit is t h e  latest creation of Isochem Inc.. engineers at 
-%!'s Hanford Plant where the deT-elopnlent of plastic clothir~g to protect 

bPk working in radioactire contaminated enyironments has  been pioneered. 
5t. suit is air-conditioned. wired f o r  sound. and its disposable outer covering 
1% ' ''l!?f% * '  a unique approach to control the spread of radioactive contamination. 
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Liquid H y d r o g m  Storage. The 
age capacity f o r  liquid hSdrogeL 
(LH: ) has been increased by a mihur 
gallons a t  the Xuclear Rocket I)~~~:. 
opment Station (RIRDS) in xrra&. 
The I J H ~  is used-often at the rate g 
10.000 galloiis per minute-in tb 
AEC-SASA derelopment of a reactor 
engine for propulsion of space yehicie- 
Storage and handling of the Iiquifid 
gas poses a nuniber of cryogenic (-w. 
per-cold) safety problems. In p h ~ ~  
abme,  four transports, with capacitim 
of approximately 12,OOO gallons ea& 
unload LHs into the two SOO.~Hx) &ilbr;t 

c a p a c i t y dewars (double-mild 
tanks) a t  IL’RDS. Prior to its usek 
a test run of the esperimentsl prop& 
sion reactors, the LH? is transferred ts 

Photo at W 
Total flow c a P c i V  i% 

a 2.3o.OOO gallon den-ar storage tank at the Engine Test Stand. 
shows how the tank is cooled by a water deluge sptem. 
the deluge system is an estimated 21,OOO gallons per wiliute. 
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tile storage capacity for liquid hydrogen alone tripled to niore 

gallol1s v i th  tlie rate of use during some operations 
:Ita11 
ofieI1 :1PP 

fl n-it11 the application of rachtioii and reactor safety disci- 1 o&? 
I'lille~. CWE o-enic safety plays an iniportaiit role, in the ground testing 

llclear rocket engines. The cryogenic fluids are extremely hazard- 
O f n  T~ be kept in a liquid state they must be maintained under ex- 
@ t u 5  ,ressure and the resulting extremely lon- temperature ( -4432" F. 
t pW I iqt,id hydrogen) reduces the duetilit1 and impact resistance of 

t, nl,terials 011 contact. Serere damage results when human tissue rn& 
.* contncted by the liquid, its inmediate container, or tlie resultant 

 me]^ cold gas formed when the liquid vaporizes. Fundamental est* qctors i l l r o l ~ d  in the XRDS program for the safe liandliiig of cryo- 
f s  N.,lsinclude 

proper respect for the associated hazards ; 
ittention to safe design and operating features of systems; (1) 

!Ca) * 
Training and orientation of operating personnel ; 

( 3 )  pm-planning and check-listing of the sequence of operatiom ; 
f *  3 )  Adherence to operating procedures ; and 
(6) llocumentation and reporting on operating errors and anomalies 

1966, 

roacIiing 10,000 gallo~ls per minute. 

for 1 

l-. 

c 

for subsequent corrective actions. 
73ese factors-combined with engineering safeguards, fail-safe 

g;T.stems and components, or personnel control and area exclusion con- 
&s-rnake routine the handling and use of large quantities of cry+ 
penic fluids at the XRDS. 
c 

Emergency Decontamination Facility 

Ai special facility has been designed at the Sational Reactor Testing 
station, Idaho, to handle injured persons who have also been contami- 
nated vith radioactive material. The emergency center consists of a 
special decontamination room, a surgery room, a personnel shower 
room, and a changermm. The equipment in the facility includes a 
$irered ventilation system, a holdup tank for radioactive liquid wastes, 
a shielded storage bin, and movable radiation shields to protect medica1 
p-sonnel working on the injured person. 

New Developments in Occupational Medical Program 

The first AEC-operated Occupational Medical Program to receive 
herican Board of Preventive Medicine approval for in-plant resi- 
dent training of physicians in occupational health was that of the 
Idaho Operations Office. This 1-year program of training is to be 
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conducted in affiliation with the l7niTersit-j- of Californi 
Angeles, School of Public Health. The training \ d l  iiiclud 

at the National Reactor Testing Station. The prograill ivill a 
modate one resident physician in training each year. 

a at LQ 
ence with all aspects of the comprehensii-e occupational lie,zltli e Drojirdr; @qerj 

C $ Q t ~ .  

Radiological Assistance Program 

On May 9, the Department of Defense and the S E C  revised 
agreement of February 27, 1958, on I-esponding to lluclear \veapolL, 
accidents. The agreement sets forth the general areas of resl,onsi- 
bility of each agency in responding to accidents illrolving radioactire 
material ; the general procedures to follow ; and defmes the mission and 

Hobile Counter. A new rotation& 
scanning-type whole-body counter has 
been designed and put into use at the 
National Reactor Testing Station 
The counter is incorporated into a 
foot medical van (shown ahrp),  
which also includes facilities for di- 
agnostic X-ray and clinical labmtov 
studies. The unit has the adrantage 
of increased accuracy with good d e  
tection efficiency despite the use of 
only 1,500 pounds of shielding mate 
rial. Scheduling the van to all major 
plants on the 894square-mile testing 
station reduces the amount of prcdul*- 
tive worktime previously required for 
workwen to travel to central facilitin 
for whole-body radioactivity measa* 
ments and periodic medica1 e=mlia- 

PhOto a t  7efft, shows the inside of the medical Tan with the rotational 
In the upper left corner, partially S e a  

tions. 
seaillling system being demonstrated. 
is the X-ray unit. 
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rincip.21 t n s ~  and functions of the DOD-AEC Joint Kuclear Scci- 

$EC and DOD radiological emergency assistance capabilities 
Tile. A , ;1 Inti j or P art of the total Federal agenc7 capabilities being coordi- 

:In c& implementation of the Interagencr Radiological Assist- 
:tflCP piall. vnder AEC leader.ship, the 13 Federal Agencies preseiitly 
I,:l rt i ,;patin, u in the interagency plan are developing plans and proce- 

for coordinating their operations a t  the regional level in the 
'lU@ of serious offsite or onsite accidents resulting in radiological 
prep ds. The main purpose of the interagency plan is t>o make avail- 
ll&@r soon as possible the appropriate advice and emergency mist.- 

to proted public health and safety, to save life, t o  mini- 
snm ll,ize injury and to limit the restriction of property from the accidental 

P ~ a t i n g  Center (JKACC) a t  Slbuquerque, K. Mes. 
jp11t COOr 

Il,fpd throU, 

sbIe % 

of control of radioactive materials. 

SAFETY AWARDS 
AND EXPERIENCE 

Five AEC contractors and one AEC field office earned the AECk 
iward of Honor for outstanlding safety performances in their respec- 
&re categories for periods terminating in 1966. They were: Doa 
Chemical Co. (production) Golden, Colo., with 6,750,000 injury-free 
mgphours ; Phillips Petroleum Co. (research), Idaho Falls, Idaho, 
,&h 12,921,162 injury-free man-hours ; South Carolina Office of the 
E d t d  States Forest Service (services), with $54,942 injury-free man- 
hours; E. I. du Pont de Xemours & Co. (conetruction) ? Aiken, s. C.?- 
qith 1,893,617 injury- free nian-hours ; Las TTegas-Tonopah-Reno 
$age Line (special award) for operating 12.8 million injury-free 
d e s ;  and Idaho Operations Office (Government) &h 4,86r,,273 
iujury-free man-hours. 

The AEC and its contractors received the National Safety G m c i l ' s  
Amrd of Honor for the sixth time since 1955 at a formal presentation 
field at Headquarters in July. 

ACCIDENTS AND PROPERTY DAMAGE 

Ten [deaths occurred in AEC operations during the year, none from 
radiation. Seven resulted from industrial-type accidents and three 
from motor vehicle accidents-as compared with six industrial-type 

- .  - 
'On December 31, 1966, the Savannah River facilities became the first in AEC's history 

*"mPlete one calendar year (1966) without a lost-time injury. The record inrolres more 
6,500 individuals, including all persons at the Savannah River Plant employed by 

dU Pant Operations, du Pont Construction, the Savannah River Laboratorr, the AEC's 
Famnah River Operations Office, the Automatic Canteen Corp.. Miller-Dunn Electric Co., 

Testing Laboratory, Inc., B. 5'. Shaw Co., Sorth Brothers, Inc., the U.S. Forest 
hrrice, and the Unirersitx of Georgia. 
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accident6 in 1965. The AEC property damage ratio of 1.76 ppnb ppas 

Of ABc well below the S E C  19-year average of 2.02-cent loss per $100 
property evaluation and compares with a 2.46 figure for 1965. of t,he 
total property damage of $980,000, two operating incidents each re. 
sulted in a loss of $200,000 or more. 

Radiation Exposures 

,kmong the 11 Type ,1 aiid B iiicideiits in~-olriiig radiation 
posure through Sorember 30, 1866, as are required to lm reported ex- in 
plants operated by ,4EC, there vas  only one p p e  A incident. jt 
involved a whole body of exposure of 50 rem to an employe a h o  
worked in cz restricted area. This incident was reported by the ~ ; n -  
versitg of Minnesota research laboratory, but upon investigation, the 
circumstances were found to be questionable and the exposure doubtful 

The 10 Type B reportable exposures occurred as follows : a 58 pm’ 
exposure to the hands of a laboratory worker engaged in experhne,tal 
work; another 29.2 re-m to the hands of an analyst; 22.6 rem to the 
fingers of a third research operator: an estimated 300 rem of x - ~ ,  
to one foot of (z technician in an accelerator incident; two employees 
mho received estimated 4.6 and 2.0 rem in a laboratory experiment and 
another received 3.2 rem. in another laboratory incident; to a worker 
who received 3.1 Tern of internal beta exposure while lmsening bolts 
on a vacuum hood; to an employee, in procesding plutonium Tho re- 
ceived an estimated 5.1 r m  whole body exposure; to an employse~hO 
received 70 rem to his thigh when he inadvertently carried a sourcein 
his pocket; and to cz technic-inn who received 3.4 rem to his hand. 

Releases of Radioactive Material 

Releases of radioactive or other material at AEC-owned facilities 
were involved in the fo l lo~ing  incidents: an  estimated 420 pounds 
of uranium solution was lost. in a waste tank through the failure of a 
d v e ;  3,844 pounds of uranium-hexafluoride were lost due to an error 
in opening a cylinder; a quantity of mercury (50,000 I k . ,  nonradic- 
active) was spilled to the ground in an operational error; some tritium 
gas escaped to the atiiiospliere through a glove port to the stack and 
diluted in the atmosphere : 10 gallons of waste solution were spilled on 
the Aoor cluriiig the repair of a ralve; approximately one-half pint of 

i 

‘RePortnble TYW A and TYW B incidents are defined in TID 6360 (pg. 131, snpFle- 
meat 5, “A SUIUmarr of Industrial Accidents in USAEC Facilities. 1963-1964,” available 
from clear ins rho us^ for Federal Scientific and Tecbnlcal Information, National Bureau Of 
StandQrds, U.S. l%m’tment of Commerce. Springfield, Va. 22151, price $3.00. 
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solution was spilled in a-n elevator and tracked tx, adjacent 
and lOO,OOO pounds of sodium dichromate (nonradioactive) 

p lu ton ia  
,NO ; spilled from a storage tank and lost into a sewer. 
$flS 

Training Programs WfefY 

The 4EC bas designated a public safety liaison oEcer to niaiiitain 
a littison service for public safety organizations and for Goveriiinent 

d private agencies interested in the public safety area. At the pres- 
eDt. Rn time, fire departments are responding in large numbers to a request 

ame officers to act as liaison Tit11 the AEC. A bi-montlily “Public 
IQ n 

f&T Ke~slet ter~’  is prorided these public safety representatives. 
.is soon as the fire department program is underway, the service ail be offered to other public agencies? such as police departments and 

intemstRd federal agencies. This service provides a channel for close 
COOP eration with appropriate officials in the eyent of a major accident 
involving radioactive materials. 

AEC Fire Protection and Prevention School 

Since 1950, the facilities of the U.S. Navy Structural Fire Protec- 
[io11 School, Korfolk, Va., have been made available to  the AEC an- 
nually for  conducting courses. One of the courses covers fire loss 
management for AEC facilities. Over the yam,  several hundred 

and contractor employees have attended t h i s  course. One func- 
tion is the development of simple practical demonst.rations which can 
be used at the students’ own facilities. 

*Available without charge from the Director, Division of Operational Safety, U.S. 
Atomic Energy Commission, Washington, D.C. 20545. 
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INDUSTRIAL 
PARTICIPATIQN 
ASPECTS 

Ever since the inception of the Government's atomic energy pro- 
c aam-during World War 1 1 - p a t  reliance has been placed on .the 
initiative and ingenuity of American industry to achieve Government - ~oals. This initiative and ingenuity have likewise been primarily 
mP onsible for .the development of the private competitive nuclear 
i,.,dustry which continued to grow during 1966. 

AEC ACTIONS IN COOPERATION 
WITH INDUSTRY 

 he development -of a viable private industry has been a major 
&j&,ive of t.he AEC since passage of $he Atomic E n e r g  Act of 
1 g j i  permitted private ownership of facilities such as nuclear reactors. 
Sllbsequently, passage by the Congress (1964) of legislation per- 
mitting private ownership of the special nuclear materials which fuel 
reactors, removed SL major legal obstacle to competition by the atam on 
the commercial energy market on a similar econumic basis with older 
energy sources. The nuclear industry dramatically reached a more 
mature ststus as a basic energy supplier during 1966 ns privately- 
and publicly-owned utilities announced plans for construction of 26 
power reactors-dual-units a t  some sites-having a total output of 
more than 31,000 net megawatts of electricity (see Appendix 4). Other 
segments of the iiuclear industry also showed s ip s  of continued 
,rnRtIl. 

COOPERATIVE ASPECTS 

In working toward a position of industrial. maturity, close coopera- 
tion and good communications between the Al3C and the nuclear 
industry 1ini-e been esseiitial. 

353 
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lndustry Associations 

Olle iiieniis of maintaining good channels of comlnunicat.ion Kith 
industry has been tlirougli frequent meetillgs of tlie Conlmi,ssioners 
and/or the -4EC staff with leaders of industrx associations harill{, b 

active interests in tlie nuclear field. For  this purpose, meetings are 
rep1arl-y scheduled between tlie Commissio1lers and the Board of 
tlie Atoinic Industrial Forum. Other, less frequent, meetings are heid 
with the Atoillie Energy Coininittee of the Edison Electric Instittlte 
the Science and Technology Committee of the C.S. Chamber of corn: 
lnerce, and the Executive Committee of the Sinerican Public PoRer 
,4ssociation. In addition, less formal meetings are held betn~em the 
*iEC staff and groups following iiuclear acth-ities v3.tl-Lin the Katiollal 
Association of Manufacturers, the ,4inerican Public Power Associa- 
tion, the Xational Rural Electric Cooperative Association, trhe xa- 
tionnl Security Industrial Association, the ,Qerospace Indust& 
Association, and the Manufacturing Chemists' Association. ne 
meetings provide for n free exchange of ideas and a means of dis- 
cussing coninion problems. 

NUCLEX '66 

The AEC worked with the Department of Commerce hi cooperation 
with represent at ires of American industry in planning United State 
participation in R'LTLEX '66, an international commercial exhibit 
and tecliiiical symposium in Basel, Switzerland, in September, 1966. 
Sixteen countries, including the United States, exhibited nuclear 
products and services 'and commercially-oriented technical papers from 
13 countries were presented at  14 general sessions. ,4EC activities in 
Goniiection with this exhibit xere direacted toward assuring intema- 
tional sales opportunities for United States producers of nuclear 
equipment and services and included presentation of papers on the 
new policy of enricliment. of f oreign-owned uranium concentrate (see 
Chapter &Source and Special Suclear Materials and Chapter 12- 
International Cooperation Actirities) and U.S. nuclear power and raa 
materials resources and requirements. Sixty-one T.S. firms presentd 
exhibits including an operating desalting facility, and some 50 tech- 
nical papers were presented by C.S. participants. It has been esti- 
mated that, $62 million in sales of V.S. products abroad will result, 
from this exhibit oyer tlie next five years. (This estimate excludes 
potential reactor sales and sales of engineering services.) 
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roved Regulatory Procedures 
IrnP 

me1 of qualified industrialists, la.\;ryers, and scientists, appointed 
Commission in 1965; identified major problem areas in the by a E ~ - s  licensing procedures and recommended steps for iniprorement. 

* lementation of the recommendations represented significant pro- lN? urd advances not only from the standpoint of the AEC but also ped from $he standpoint of license applicants (see Chapter 1-Licensing 

ad R 

A P c  

,plating the Atom). 

In March, the AEC witbdrer from the production of 19 radio- 
isotopes bringing to 36 the number no longer produced for public sale 
by the AEC. These withdrawals are consistent wit11 the AECk estab- 
l&ed policy of transferring routine production and distribution of 
ndioisotopes to industry as industry demonstrates an ability to 
Pe rf0r.m these activities (see Chapter &Source and Special Xuclear 
ygterials) . 

Commercial Production of Cobalt 60 

During April, the AEC approved the request of Coiisuniers Poxer 
~ 0 .  of Michigan to produce cobalt 60 in the companF*s Big Rock Point 
xuclear Power Plant located in Charlevois County, Rlich. Produc- 
tion of the radioactive cobalt, which has wide uses in industry, niedi- 
cine, and research, will be incidental to continued operatio11 of the 72 
JiKe Big Rock Point plant as a power-producing reactor. 

This is the first use of a central station nuclear powerplant for the 
large-scale commercial production of cobalt 60. Cobalt targets are 
being inserted into the Big Rock Point reactor and irradiated to the 
extent necessary to  produce useful radioactive sources. The first 
cobalt was inserted in60 the reactor during the May refueling and pro- 
duction is expected to reach 2 million curies annually by late 1967. 
The venture is a joint effort by Consumers and Keutron Products, Inc., 
an affiliate of NUS Corp., Washington, D.C. (see also Chapter 4- 
Source and Special Nuclear Materials). 

The only other commercial cobalt 60 producer is General Electric 
KF.hich announced in March that it planned to step up the cobalt 60 
output of its GETR (General Electric Test Reactor) near Pleasanton, 
Calif. 

~ 

'see PP. 298-299, "Annual Report t o  Congress fo r  1965." 

5 3  1 O G b q  
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Plutonium Utilization 

Actions directed tovard the conimercid use of plutoniuin as a re- 
actor fuel offer a particularly good esanlple of cooperation 
AEC and industry. The Edison Electric Institute, thI*ough its corn- 
mittee on Fuels. is sponsoring development, work on plutonium fuel for 
both thermal and fast reactors. Tl& work is carefullv meshed with 
the AEC’s own plutonium fuel development program (see Chapter 7- 
Reactor Development and Technology). I n  hfarch, a collference on 
commercial plutonium fuels was jointly sponsorecl by the .\to,i,, 
Industrial Forum, the Edison Electric Institute, and the Smerican 
n’uclear Society in cooperation with the AEC.z 

Nuclear Safety 

Another outstanding example of cooperation between Gorernnip~t 
and industry has been in the nuclear safet8y program (see Chapter 7- 
Reactor Development and Technology). The Atomic Industrial 
Forum (AIF) X’uclear Safet? Committee has worked closely with the 
,4EC’s Steering Committee on Reactor Safety Research to make Sure 
that. the safety research and development program is keyed to the needs 
of the commercial nuclear industry as well as one that meets the first 
criterion of the AEC-the health and safety of the public. Inclucled 
in this Torking relationship is the continuing assignment, through the 
ATF, of industrial representatives as participants in a number of major 
AEC safety research and development projects. 

INDUSTRIAL GROWTH 
For  the past few years the private nuclear industry has had the 

capnbility to prol-ide almost all the materials, equipment and sen-icm 
needed in the generation of nuclear-electric power.3 Two important 
exceptions have been the enrichment of uranium in the uranium 235 
isotope i ~ n d  the processing of spent reactor fuels to recoi-er uncon- 
sumed fissionable materials. 

The latter exception T T ~ S  removed in April with initial operation 
of Kuclear Fuel Sen-ices, hie., fuel processing facility at n’c:‘: 

~~ 

2The proceedings of the Conferenre, including EL talk by Dr. Seaborg. “Plutonium- 
Past. Present, Future”. ltre arailablp as CONF-66030S. “Commprcial Plutonium F w ~ ~  
Conference”, Narch 1-2, 1966 available from the Clearinghouse for Federal Scientific and 
Technics1 Information. National Bureau of Standards, T.S. Department of Commerce- 
Springfield. Va. 22151. for $3.00. 

SFor  a complete report on the private atomic energy industr;r prepared by the AECIs 
Division of Industrial Participation, see “The h’uclear Industr~-1966”, available frorn 
Superintendent of Documents, U.S. Gorernment Printing Office, Washington, D.C. 2°Ao2- 
for $1.00. 
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lqalley, K.Y. Wiih respect to the other exception, it, now appears 
,,sible that eveiituslly comiiiercially omied or operated enriclring Y f,,-ilities will become available. I n  the meantime, an approach to 

coIn~~emial production of enriched uranium will be pro\-ided through 
..,11 enrichment.'? AEC contacts Kith the. prirate nuclear industry 
,sisted in the deyelopment of criteria for this sen-ice, which criteria 
',ere established in 1966 (see "Criteri,z aiid Policies" summary in 
C1.lspter "Source and Special Kuclear Materials). 

Gaseous Diffusion Plants Studies 

The AEC announced a t  year's end that it is @lying serious con- 
side&ion to the possible desirability of selling ox' leasing to  the private 
sector one or more of its three gaseous diffusion plants Fhich produce 
e,lriched uranium 235. The Coinmission is cliscussing with the Atomic 
Industrial Forum the scope and ground rules for  a proposed study 
of the feasibility of such an arrangement. I n  addition to its discus- 
sion with the AIF,  the AEC is conducting its own internal study on 
tilo feasibility and desirability of transfer of the gaseous diffusion 
plants to private operation. The plants are located at Oak Ridge, 
Tenn. ; Portsmouth, Ohio; and Paducah, Icy., and are operated for 
tile ,4EC by prirate contractors. 

Interest in transfer of the gaseous diffusion plants to industry has 
intensified as a result of the rapidly accelerating civilian nuclear power 
industry and pcZssage of the Private Ownership Ac t  of 1964. The *4ct 
permits, and eventually will require, private ownership of special 
nuclear materials (SKM) used as power reactor fuel. Previously tlie 
Atomic Energy Act required all SXX to be Go\-ernment-omed. 

Uranium enrichment is expected to  constitute an enterprise of large 
economic significance 01-er the next decades. The value of enrich- 
ment services is expected to read1 approximately $500 million per year 
by the late 1970's. Under tlie Atomic Energy Act, the AEC has a 
responsibility for encouraging private enterprise ; in fact, private in- 
dustry is now participating in every phase of the nuclear fuel c.ycle 
except uranium enrichment. 

The Commission's discussion Tith the Atomic Industrial Forum 
is directed toward obtaining the considered v i e w  of the industry on 
the many factors inrolx-ed in any transfer of ownership aiid operation 
of the gaseous diffusion plants to  private hands. TTliile no definite 
decision on the matter lias yet been reached, the ,4EC believes that a 
study a t  this time might most appropriately be conducted by a rep- 
resentative group such as the *4IF which encompasses mining, manu- 
facturing, the utilities, axid related segments of the iiuclear industry. 

I 
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GROWTH INDICATORS 

Some indicatiolzs of R niaturing nnclear iiidustry 
f ollowing paragraplis. 

Increasing Competition 

re given in the 

The trend of power reactor contracts going to olily the two largest 
manufacturers which liaci prerailed tlirough 1965 was changed in 
1066. Consumers Power (=o. of li\hhigan, and the Omaha Public 
Power District placed orders with Combustion E n ~ l e e r i n g ,  Inc., 
Windsor, Conn., for the nuclear components of $00 and 450 131we 
plants, respectivel7. Duke Power Co. and Metropolitan Edison co 
placed orders with the Babcock and TVilcos Co., Lynchburg, Va., for 

respectively. 
nuclear components for two 839-Mn-e units and one 839-Mwe unit : 

Nuclear Fuel Market 

The first utility order for  reactor fuel r a s  placed with a Supplier 
other than LZ reactor builder when Comnion~~-ealth Edison GO. ordered 
a coiiiplete core for its Dresden Unit 1 K'uclear Pover  Station from 
IITnited Xuclear Carl)., Kew Haven, Coim. Both TITestingliouse and 
General Electric place,d orders for uranium concentrate ( U308) for 
delivery in the 1961-19'T5 period. Commonwealth Edison, and Phila- 
delphia Electric (for itself and three associates), also placed orders 
for uranium coilcentrate for delivery in the 1968-1973 period. These 
were tlie first orders placed by indust.ry for U,08 and reflect prepam- 
tions for the time Then private ovnel-ship of uranium will become 
mandatory for  power reactor fuels with reactor operators-July 1973. 
I t  is estimated that these orders for concentrate in 1966 totaled in 
excess of $200 million. 

Reactor Vessels  

A. second plant capable of producing large pressure vessels of the 
type used as primary containment. for v e q  large light water reactors 
began operation in early 1966. This was tlie Babcock & Wilcox CO. 
plant at  3ft. Ternon, Ind. The only other T_'.S. facility with a corn- 
parable capability is the Conibustion Engineering, Inc., plant at 
Clia ttmooga, Teiin. 

A. further de~-elopment in pressure ressel construction was tlie pro- 
posal by Chicago Bridge and Iron VTorks to fabricate large vessels 
of t,liis t>--pe at the reactor site. The first such order for a field fabi- 
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cnted -cessel mas receired for the Northern States Power Co.'s Rlonti- 
c8uo plant. At year's end the public safety aspects of this type of 

were under stirdy by the AEC. 

Specialization 

A trend toward "turnkey" arrangements in the construction of 
powerplants was reversed during the year. Cnder the turn- 

key concept, plants are offered as complete, ready-to-operate units. 
~h~ June announcement, by General Electric that it T o d d  no longer 
offer nuclear powerplants on a turnkey basis helped to bring nuclear 
lants under the more normal utility-supplier relationship m-hich has 

railed in the past in the construction of fossil-fueled plants. GE P 
Pml announced that in order to concentrate its efforts in the power 
flactor field it Todd no longer sell test, research, or training reactors. 
ln December, both General Electric and Westinghouse announced 

bey were standardizing the sizes of nuclear plants that they would 
offer. General Electric will sell three sizes-515, 762, and 1,075 net 
3l-m; Westinghouse is offering six power lerels-480, 530, 700, 785, 
930, and 1,040 net Mwe. 

Fuel Proc.essing Plants 

Nuclear Fuel Services, Inc. (NFSI. The NFS plant a t  the Western 
Sev York Serrice Center in TTest Tallex, X.T., began full scale proc- 
essing of irradiated reactor fuel in *4pril. Fuel  processed during the 
period consisted of 96 tons of fuel from the AEC's Hanford '"W' 
reactor and 50 tons of power reactor fuel from the Commonwealth 
Edison Co.'s Dresden reactor. 

The Xew Pork State Atomic and Space Derelopment Authority 
announced on July 11, that it is investigating the installation of a 
neptunium recovery facility at West Valley. The new facility would 
be used initially to extract neptunium from the residues from XFS' 
fuel processing operations. It would be capable of being expanded 
later for extraction of other isotopes. 

General Electric Co. On September 15, General Electric announced 
it mould build an aqueous-fluoride processing plant near Morris, Ill. 
The plant is expected to  (be in operation by the early 1970's. The 
planned process will leach re-usable fuel materials out of segmented 
cladding and Till separate uranium, plutonium, and neptunium from 
@OSS fission products by solvent extraction. The uranium will be 
Purified by a fluoride volatility process. Plutonium and neptunium 
Purification is to be by ion exchange. High level wastes will be cal- 
cined, canned, and stored in waste storage vaults. There mill be no 
liquid radioactive wastes discharged from the plant. 
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REACTOR VESSEL FABRICATION -e- 

Keto Fabricatioiz Plant. Indicatire of prirate industry's g-ro\\-ing participation in 
the atomic energy field is the new $20 million Bqkock b; WilCOS CO. plant at hiL 
Vernon, Ind.-the world's most advanced facility for fabrication of nuclear rcL 
actor pressure vessels. The first job for the plant is the fabrication of the 800-toD 
vessel for the Dresden Unit KO. 2 reactor as shown on these two pages. Photo 
abwre shows a portion of the main pressure ressel shop. A ullique feature of the 
plant is the use of portable machine tools (shotc~b be7ozc) which can be rn01-a 
from place-to-place by an overhead crane having a 1,200-ton capacity. The big 
machines can roll, rotate, and tilt parts simulhneously to maneuver the se, "merits 
of the reactor ressel for boring or machining, cladding the stainless steel, or 
welding. The plant, which was built primarily for reactor vessel work can 
handle pressure vessels for nuclear power reactors of 1,300 l lwe  capacity. 
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1 

Allied Chemiccrl. During 1966, Allied Chemical Corp. “$rmeci. 

stated it had abandoned the initial plans for the use of a coiid-&atio4 
aqueous-fluoride volatility process which the firm had been StudSine 
since Januav- 1963. Following this decision, ,!llied Cllrtailed con 
struction of the full scale cold pilot plant! it r a s  building at &trop,: 
lis, nl., and is presently concentrating its research and engineering 
efforts on several processes xithin the firm‘s adranced fluorine researcl, 
group. ,4 process selection is expected to be made in 1967 for use 
its commercial plant. Although Allied chemical has made no decj 
sion as to site location, present indicat>ions favor the eastern cnite; 
St a tes. 

interest in eventually building a commercial processing plant, but Its 

Commercial Isotope Power Units 

CHANGES IN THE INDUSTRY 

As the nuclear industry approached a period of substantial and 
steady gromli. the ec.onomic future of its individual segments began 
to clarify and generate rz number of changes and realignments in the 
industq-. A4.1n01~g these were the folloving : 

Suclear Utility Services, Inc., Washington, D.C., originah 
formed as rz consulting firm for utilit-ies interested in nuclear power. 
changed its name to KES Corp. as it diversified into marine-oriented 
activities and expanded its operations to  include the manufacture of 
measuring devices for oceanographic applications. 

The increasing importance of radiopharm,ueuticals and radict- 
cheinicals was reflected in consolidations of firms in t+hese actirities 
with niajor medical supply or chemical concerns. The Upjolm CO.. 
Kalamazoo, Mich., a c q n i r d  an interest in Tsomet Corp.? Palisadr- 
Park, X.J.; Becton Dickinson and Co., East Rutherford, N.J., pur- 
chased Scliwartz Bio-Research, Inc.: Orangeburg, K.Y. ; Rfallinckr~t 
Chemical Works? St. Louis, 310.: purchased Xuclear Consultants C O T .  
also of S t. Louis. 

I n  other changes in the radioisotope field, Isotopes, Inc., Tf’estt- 
xood, K.J., broadened its operations through acquisition of Hazelton 
Suclear Science Corp., Palo ,41to, Calif., and the U.S. &dear Gorp** 
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pllrba& Calif. T.S. Kuclear had previouslx acquired Tolk Radio- 
,IleIllical. In a somewhat different merger, I-nion Carbide, Tuxedo, 

Bcquired Seisler Laboratories, Inc.. Decatur, Ill., a snia11 drug 
,,,peer% to market radiopharmaceut iculs which TI-nion Carbide 

< 

J e t  

prOduc@. 
Related medical uses of isotopes and instruments were reflect d 

in the merger of Kuclear-Chicago, a leading nuclear instrument nmiu- 
fgcturer, into G. D. Searl, Skokie, Ill.. a, large drug concern; and the 
,gablishment of a. jointly owned conipany, Ken-Picker Radiopharma- 
,8uti,&, Inc., by K e r  England Kuclear? Boston, Mass., a leading 
rocasor of radiochemicals, and Picker S-Ray, Mliite Plains, X.Y.? 

P 
one 

The rapid increase in utility orders for nuclear powerplants led 
to ,pamion of fuel hbrication facilities. For example. Combustion 
En@neering expanded its Windsor, Conn., plant, and Kntional Lead 
acqu ired the fuel fabrication facilities of Sylvania Electric Products 
at  Hicksde on Long Island, and moved them to its expanded fuel 
f&rimting plant at Albany, N.Y. 

Allis-Chalmers withdrew from the nuclear power reactor busi- 
ness, but will complete its current commitments in this field. This 

followed its earlier decision to withdraw from production of 
stem1 turbines for electric utility generating stations. 

of the larger nuclear instrument makers. 

REGIONAL SUPPORT ACTIVITIES 

The interstate compact offers a unique means for cooperation be- 
taeen the States and the Federal Government, especially in .a field such 
gj atomic energy where comparable action by individual States could 
be beyond the means of most-both technically and economically. 
Regional efforts toward meeting common needs in the nuclear field 
during 1966 are discussed below. 

Southern Interstate Nuclear Board 

The Southern Interstate Nuclear Board (SINB) estab-m-d-5 
years ago, has served as a means of pooling the energies and resources 
of the 17 southern States in applying nuclear and aerospace tech- 
nology to the economic advantage of the region. 

In cooperation with the AEC, the SIKB has assessed the economic 
inlpact of food irradiation and rood-plastic alloys on the southern 
states. During 1066, the SIKB conipltted a study on transportation 
of radioactive materials in international trade for the AEC. The 

’ composed of memher States of the Southern Governors‘ Conference : AIabama. Arkan- 
sas. Delaware, Florida, Georgia, Kentuckr, Louisiana. Maryland. Mississippi, Missouri, 
%rth arolina. Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West Virginia. 5 o i O i :  1 7  
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report itself provides an excellent review of the field, its hist,, 

pices the study provided a forum at, a propitious time for experts and 
executives in ,211 fornis of transportation. A continuation of the dis- 
cussions initiated during the study shonld prove of except ioiial 
in late#r pears to the countq as a Thole. 

Among SIXB’s other activities have been the holding of semillars 
at, Oak Eidge, Tenn., in cooperation with the AEC’s Oak Ridge Oper- 
ations Ofice, for the purpose, of informing southern leaders on \7”rious 
aspects of atomic energy. Three of these n-ere held during 1966. 
a nuclear power briefing for utility executives in J a n u a v ,  one 
‘.The TTorking Man and the ,4tom” in June: and one in September in 
cooperation with the National coal  Association for executiyes in the 
coal and coal transportat ion industries. 

and its problems. Perhaps more iinportantly7 under the S T ~ B  aUs- - 1  

Midwest Compact 

The Micln-est Governers‘ Confereiice,G at its 1964 annual meeting, 
appointed a n  ad hoc committee to study a nuclear compact for the 
inidwest. The conunittee subsequently recommended such a compact, 
anrl tlie MicITrest Governors a t  ,z special meeting in Lexington, RV.? 

in Februar_v 1966, endorsed a formal Midwest Nuclear Conipact. Tile 
conipact seeks to foster the industrial progress of the niidwest through 
the proper employment of scientific and technological advances in 
nuclear and related fields. Enabling legislation in each of the States 
in the Midwest Governors‘ Conference is expected to  follow. 

Western Compact 

*4t the Western Governors’ Conference in April 1966 a resolution 
was adopted authorizing a special committee for the purpose of formu- 
lating the details of a western interstate nuclear agreement. The 
committee‘s report will be considered at. a forthcoming meeting. 

6 “International Traffic of Radioactive Materials,” expected to be available in early 
1967 from the Clearinghouse for Federal rScientific and Technical Information, National 
Bureau of Standards, U.S. Department of Commerce, Sprlndield, Va. 22151. 

8 Representing : Illinois. Indiana, Iowa, Kansas, Kentuclrr, Michigan, Minnesota, Mia- 
souri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin. 

Representing : Alaska, Arizona, Californh, Colorado, Hawaii, Idaho. Montana, Nevada, 
New Mexico, Oregon, Utah, WaFhington. Wyoming, Guam. and American Samoa. 
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puring the pear, the AEC continued its diversification efforts to 
ot,lIen the economic base of communities dependent upon local CtPIZr 

4~~ operations and to attract new industries into the nuclear e n e r a  
; l m p n .  Three facilities no longer needed, were disposed of, and 
tmnsfer of a satellite community to local government was advancing 
fO\Fard completion. The annual survey of atomic energy manpower 
cllows employment has declined in both Government-owned and pri- 
rfitelT owned establishments. Strikes at Cxoreri~meiit-o~-iied facil- 
ities accounted for a loss of 0.7 percent of scheduled man-hours of 
gork-llp 0.4 percent from 1965. Almost half of the AEC‘s sub- 
contracts continued, for the fifth year, to go to small business. 

DIVERSIFICATION AND 
DISPOSAL ACTIVITIES 

During the year, the transition of the Hanford Plant’s single con- 
tractor-operation to seven contractual se,aments was completed ; a new 
firm took over part of the operations at the National Reactor Testing 
Station; and the management of Argonne National Laboratory came 
under a tripartite arrangement. One no-longer-needed facility was 
sold, another was transferred to the ,4ir Force, and another was offered 
to industry for possible commercial use. Developments toward ter- 
minating the AEC’s ownership and management of the Los Alamos 
community continued. 

COMPLETION OF HANFORD SEGMENTATION 

Transfers of operating responsibility at the *4EC’s Hanford Works 
mar Richland, Wash., from the General Electric Co. to the last two 
of seven new contractors, under the plan for segmented operation 

365 



366 ADMIX1.STRATIT’E K S D  BIASAGEMEST MATTERS 

previouslj iiiitia tecl,l were accomplished on January 1: and lIarch 
Isochenz Inc., formed bF C.S. Rubber Ca. and Martin Marietts co * 

took oyer operation of The chemical-separations faclhtles . . .  a t  the bec,irl. ‘1). , 
iiing of the year. TKO months later, ITT Federal Support Sen-ices b 

Inc., a Eichlancl subsidiary of Iiiternatioiiul Teleplione and Te]emap1: 
Corp., assunled operation of the Hanf ord suppor-t facilities and sell-, 
ices, including operation of plant utilities, perforniance of l)ur&asina 
and warehousing, and providing transportation, maintenance, and 
administrative services. 

Economic Base Strengthened 

The new contractors and their affiliates brought to 11 the number of 
firms involved in widely diversified private ventures in the Ricl$and- 
Kennewick-Pasco area steninling from the AEC‘s solicitation of pro- 
posals for bringing in private business activity in connection with &, 
new operation contracts for the Hanford facilities. TTith c0-t- 
ments for the inrestment of approximately $38-million over a period 
of 10 years, the private ventures will provide a strong economic base 
for the three coiiiinunities. Heretofore, the local economy was geared 
priinarily to the *4EC‘s operations a t  the Hanford complex. 

The other contractors with “diversificatioii” projects in progress are 
Battelle-Korthwest division of Battelle Memorial Institute, Columbus 
Ohio ; Douglas Cnited Kuclear, Inc., and its joint-venture parent 

~ - -  . Toztrist Attractioiz. Relocated in the new Richlnnd Federal Ruilding, the 
Hanford Science Center has become a popular tourist attraction of Southeastern 
Washington state. The center features 40 animated exhibits, graphic displays 
and models which depict production, research. and dm-elopinent actirities at the 
Hailford plant. ITT Federal Supwrt Semi-ices. Inc.. operates the Ranford 
Science Center for the AEC and other Hanford contractors. The abore photo 
shows a small yortion of the exhibits in the new facility. 

- 

-1 
c,2 
t 

- -  

- 

See Pp. 2 r ~ 3 1 .  ‘‘Annual Report  to Congress for  1965” ; pp. 19-23 “Annual Report to 
Congress for 1964.” 
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number Qf - 
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~nies-Dougl~ Aircraft Co., Santa Monica, Calif., and United comP 
;liuclear Corp., Centemae, Md.; United Sta,tes Testing Co., Inc.? 

oboken, NiJ- ; Computer Sciences Corp., El Segundo, Calif. ; and P edera] Electric corp., Paramus, N. J., mother ITT subsidiary. 
ome of the nearby land previously leased by the AEC to the State F 

S 
of lashington for use in developing nuclear industry, was subleased 

the State to the California Nuclear, Inc., Pleasanton, Calif., and 
iafayette, Ind., early in 1966. The firm will, as a private business, 

tile land for burial of low-level solid waste materials generated 
1 1 s  
in nuclear installations. 

During the contractor transition, the economy of the "Tri-Cities 
has remained lieahhy and rigorous, notwithstanding the earlier 

in the level of D c  operations there. As of November 30, 
1966, AEc m ' h ~ ~ c t m  empbyment totaled 5,877, including the man- 

mer equivalent of about 500 persons applied to  "diversification" Po 
rojwts and other private work of the contractors. The AEC will P continue to cooperate with community leaders in seeking to stimulate 

privab business activities as a means of broadening the economic base 
of the area. 

The AEC is exploring possibilities for in-place use of support facil- 
i t i s  near the shut-down reactors, by governmental agencies (both 
Federal and State) or industrial firms, 

DIVERSIFICATION 

-4 new company, Idaho Nuclear Corp., took over part of the opera- 
tions at the National Reactor Testing Station and a new university 
1 mup-Argonne Universities Association-joined with the Univer- 
s i n  of Chicago in the administration of Argonne National Laboratory. 
Tie AEC continued to find new uses for other facilities where the 
n o r i d  -corkload has been reduced. 

New Contractor at NRTS 

On July 1, Idaho Xuclear Corp. (a joint renture of Aerojet-General 
h p .  and Allied Chemical Gorp.), under a 5-year contractual ar- 
~~ngcmerlt, took over as operator of the AEC's test reactors? chemical 
i'mwssing plant and associated research and development, and sup- 
I"Jn services work at the National Reactor Testing Station (NRTS) - 

'Sot an affiliate of t he  U.S. Gorernment. 
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near Idaho Falls, Idaho. Idaho Kiiclear replaced Phillips Petp!hun, 
Co. in performing this work. Phillips continues to conduct the A E ~ ? ~  
extensive nuclear safety program at, NRTS under a recently negotiat w 
five-year extension to its current contract, The present arrangements 
for performance of work a t  NRTS reflect the Commission's decision to 
afford additional qualified industrial concerns an opportunity to par- 
ticipate in the operation of one of its major facilities. 

New Contract Arrangement for AN1 

A new contract for the operation and management of Areonne c xa- 
tional Laboratory (AKL) was signed on Koiwnlxr 1,1966. The con- 
tract is a tripartite agreement between the AEC, the University of 
Chicago, and h g o n n e  Universities Associa tion ( AUAJ , an associa- 
tion of 26 midwestern universities incorporated in July, 1965. Under 
the agreement, Argonne Universities Association will formulate, app- 
prove, and review laboratory programs and policies. The University 
of Chicago, which has operated the laboratory since its establishm&t 
in 1946, will be responsible for its operation and management, in ac- 
cordance with policies established by AUA. The University and 
AUA, will collaborate in the development of long-range Objectives 
and programs. 

Work for Others at Oak Ridge and Paducah 

Unique plant facilities and technology at Oak Ridge, Tenn., and 
Paducah, Ky., available as a consequence of earlier cutbacks in the mte 
of uranium production, were used to an even greater extent in 1966 
than in the previous year for meeting special needs of other AEC in- 
stallations and performing specialized work for other Federal 
agencies, including the National Aeronautics and Space Administm- 
tion, the National Institutes of Health, the Department of the Interior. 
and Defense agencies. Such "work for others" besides providing e m  
nomies for the Federal Government and assisting in t.he retention of 
skills required for gaseous diffusion and other critical operations 
should they be needed, contributes materially to maintaining the 
economic health of the Oak Ridge and Paducah areas. 

Oak Ridge Vocation a I-Tra i n i ng Prog ra m 

A model cooperative rocational-training program was started at the 
Oak Ridge Y-12 Plant in June. Both shops and classrooms were uti- 
lized for training. The entire propam was under the coordination 
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of the Oak Ridge Associated XTiiirersities, wit11 d ticipation by the Cnion Carbide Corp.-Kuclear Dirision, the Uni- p r  -itv of Tennessee, the local Atomic Trades and Labor Counc.il and 
tjtuent unions, the Tennessee Employment Security Department, 

cOaS AEC, the L7.s. Office of Education, and the U.S. Department of til@ 
The latter two agencies provide funds for the program. In- IAbOr. eluded in the activity are a 9-week suimer session to update the tmh- 

vocational-technical teachers, quarterly sessions to supplenient in, tile tm;.ing of university students who plan to enter programs in in- 
dostria.l education, and year-long training for unemployed and under- 

1oJ'ed workers in certain skills that are urgently needed by modern rmP 
iudustv. 

@3 . 

1 
contribution in thme Portsmouth Area 

Estnblishment of a. new private plant for the manufacture of auto- 
nl&ile parts at walrerly, Ohio, was completed during 1966 when 
the manufacturer moved into a newly built facility of its o m .  MXle 
be new plant was under construction, the firm had leased interh 
uarkrs in excess warehouse space a t  the AEC's Portsmouth plant. 9 

Tjle s p c e  had been previously made available as part of the AEC's 
mperation in local business-development efforts. 

DISPOSAL OF FACILITIES 

Following a radical program change in mid-I965 which caused 
clsing-out of development work carried on at the *4EC's Connecticut 
Advanced Nuclear Engineering Laboratory, Middletown, Conn., wle 
of the plant facilities was effected by the General Services Administra- 
tion in 1966, under competitive-bidding procedure. For a. total price 
of approximately $16 million, United Aircraft Corp. (whose Pratt. & 
N'hitney subsidiary had been the AEC contrwt operator) acquired 
rhe real property and most of the equipment, exclusive of the sewer 
md water systems, which were donated to the City of Middletown 
hrough the Department of Health, Education, and Welfare. More 
than 1,200 Pratt dL Whitney workers had been employed in the con- 
tract Fork; all had been placed elsewhere, or proricled an opportunity 
for such placement, by early 1966. 

Medina Facility 

Phasing-out of weapons-modification work vhich had been done at 
QMedina, Facility, San Antonio, Tex., was completed in April, fol- 

.- -, . I } ,  

v +  
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lowing B two-year period of gradual employment reduction 

collaboration with Federal, State, and local agencies. 
plant then was transferred to the Air Force, which has placed it 

nied by highly successful employee placement activities Conduclecl QoQp&* . 

The P$s ic  
in use with a consequent increase in area employment. aa 

Weldon Spring Plant 

E'erntl1d. 
I n  April, tke AEC announced plans to consolidate at it 

Ohio, plant-the uranium feed materials production Operations beinR 
conducted there and at Weldon Spring, Mo., with shutdown of the 
Weldon Spring plant to take place within a year. I n  July, eapIt, 
sions of interest in possible commercial use of the Weldon sPn% 
facilities were solicited from 93 industrial firms. Sixty-twO neoti, 
replies were received and 13 c0mpm-k accepted the invitation to 
inspect the plant and discuss the possibilities for private operatio, 
'The visits were made in the fall. 

LOS ALAMOS COMMUNITY DISPOSAL 

steps leading to the termination of AEC onnersliip and managmennt 
of the community of Los Alamos, N Mex-, continued in 1966. ne 
t,ermination was authorized by legislation approved September q 
1962, which required that the utilities and municipal hstallations be 
transferred within five years. No date was set for the final d+j 
of all real estate. During 1966, some major results materialized frmn 
the intensive efforts begun in 1962. 

Sale of Real Property 

A total of 1,545 dwelling units in single family or duplex houses h12 
been classified and appraised. The first homc was sold on Koyenlh 
18, 1965, with the sale of 1,543 of these homes being completed br 
December 31, 1966. The remainder of the dxelling units to be w1J. 
a11 in apartment, houses, will be offered to  priority holders. An? lp- 
maining apartment houses mill be sold t o  the highest bidder. 

Forty-one scattered lots m-ere offered for sale to Los Alama- 
connected persons ; 32 large parcels of unimproved property haye 1 ~ ~ 2  

offered for sale to the highest bidder. 
Commercial, church, and noli-profit properties have been appmi-f- 

Some have been offered for sale, and the remainder n-ill be in the nm: 
future. 

Appraisal and sale of properties at Los A41amos are being conducte3 
hy the Department of Housing and Urban Development. 

Utility Syste 

community 

AEC has 
operation o 

actual tram 
The Los 

negotiatioE 
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of unimproved land for private housing construction was dis- 
. ued by the AEC in 1965 in view of the imminent sale of Govern- 

Rned housing and other unimproved real estate. A total of 0ed-o 
I have been completed or are under construction in three 

L"' development areas known as Barranca Mesa, Whit, Rock, 
pajarito Acres. In  addition, there are 507 developed lots on 

g+h homes can be constructed. 

&lltln 

h*using 
ad 

a~~ has entered into a contract with Los Alamos County for the 
* tion of the natural gas and electric distribution systems in the 

'Twity to provide Operating experience to the county prior to their @m - g p l  t d e r  in 1967, 
fie ~ 0 s  Azamos Area Office has been authorized to proceed with 

ngotidions with The Mountain States Telephone and Telegraph Co. 

Community ReZations. During October a fact-finding session wa8 held at Lo8 
blames, N. Me=, to discuss some of the aspects associated with the AEC'8 
termination of ownership and management of the community. Photo shows, 
6f to right: AEC Commissioner Wilfrid E. Johnson ; Herman Roser, Deputy 
gabager of the AEC's Los Alamos Area Office; Glenn W. Wiltrout, Assistant 
DWor for Administration, Division of Military Application, AEC Eead- 
4-m; and Mrs. Joann Allen, Administrative h i s t a n t  to Congressman 
aOmaS G. Morris of New Mexico who is a member of the Joint Committee on 

3 I"! ! ! :' * ' V 5  ~ 

s.. -, 
Energy. 
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for sale of the Government‘s interest in the community t 
systeni. elePhor,E 

Municipal Functions 

On J u l j  1, the school facilities at  Los -%lamas were transferred 
LOS Alamos County Board of Educational Trustees. Xost of tile tlg 
municipal functions are being operated and niaintained by the count\. 
under contract with the AEC. All municipal facilities and functio. 
are sclieduled for tranfser to the County in 1967. 

Predisposal Construction Projects 

The rehabilitation of all utilities systems in the community was coT3- 

pleted, additional school facilities, water distribution Systems and 
sewage disposal plants were built, and street iiilprovements were made. 
-4 courthouse and administratire facility for the county is under con 
struction, with completion expected in the spring of 1967. 

Community Operations 

AEC will continue to be responsible for community operatiolls until 
the utilities and municipal functions and facilities are tranferred to the 
county in 1967. After the transfer, the AEC is authorized to make 
annual assistance payments to the County for a 10-year period. ne 
AEC will also be responsible for the operation and maintenance of 
unsold Government -owned property remaining in the community and 
of utilities and municipal-type facilities in the technical areas and h! 
the other tvi-o-thirds of Los Alamos County that are not subject to 
disposal. 

LABOR RELATIONS 
The Bureau of Labor Statistics (BLS) conducts an annual sun-ey of 

manpower in the at>omic energy field for the SEC.  Data are collected 
from industrial establishments each year and are compiled separatel? 
for GoTTernment-owned and primtely-ovined establishments. As of 

March 1966, total employment in the atomic energy field was 13ii.@-’ 
colnpared to 141,093 in March 1965. Of this total, 101,377 or 76.4 pf- 
centl \\-ere einployed in Goveriment -owned establishments aiid lWcc* 
or 93.6 percent were employees of privately-owned establishments 
Appendix 10). Table I gives a %pear comparison of atomic e ~ l e f l  
elnployment by occupational categories at industrial establis111~1~r5 

p- *-, 1 7.: ‘ ., b 3 i-! 

Earnings 

An analys 
aployees 03 

production a 
per year, an( 

D per year. 

TABLE ? . -  
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Government0 
Engineers. 
Scientists- 
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Total 
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Scientists - 
Te chnicia 1 

All Other 

Total 
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Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  

Total All Establishments- - - 

Scientists & Engineers In Research 
d: Development Work At Govern- 
menb0wned Establishments- - - - - - 

Scientists & Engineers In Research 
ck Development Work A t  Privately 
Owned Establishments- - - - - - - - - - - 
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32,498 31,253 -1,245 -3. 8 

141,093 132,630 -8, 463 -6. 0 

16, 760 16,457 -303 -1. 8 

4,626 4,765 +139 +3.0  

AEC CONTRACTOR EMPLOYMENT 
,cilities owned by the Gorernnient and operated by 40 AEC prime 

e colltractors e q l o y e d  a total of 103,903 persoils in Korember F 
@t -UP These contractors are engaged in product ion, research, develop- 1966. 

Included are production 
fflelltc 

to tI,t, -a-orkers which represented 41.1 percent of the total; 23.6 
pn were clerical and related ; 19.0 percent. were noli-supervisov e otl’ep 
,iellt,ists and engineers ; and 16.3 percent were executires, ad1ninistra.- 

!Wions * and other professiolla~ permllllel illc~uding supervisory scientists 
€@E 
tuld pginwrs. 

Earnings 

md test,ing activities. 

Z O l l l q  prcent 

t s  coin- ab gnalysis of average earnings of 40 AEC cost-type contractor 
1s nrld loyees over a Qear period shows that average hourly rates for a P  
’ made. reduction and related workers have increased a t  a rate of 2.4 percent 

ryear, and for clerical and related workers at a rate of 2 5  percent 2r con, P 

Data on salaried employees who are exempt from the over- pe 
per year- 

TABLE l.-COMPARISON OF’ EMPLOYMENT BY OCCUPATION 

S U t i ]  
I to t l l f l  

) nxlr;e 
* Tl,e 
rice of 
ty and 
and i l l  

ject to 

I I I I is om 
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time provisions of the Fair Labor Standards Act are available 

have increased an average of 4.0 percent per year and all other prof&; 
sionsl employees 4.9 percent per year over the three years. 

for a three-year period. Base earnings for scientists and 0111k engin*; 

Fringe Benefits 

During the year, the AEC expanded its studs of contractor expendim 
tures for suplementary compenslttion to include contractor payments 

tct for “white collar” employees. A modified BLS form was used 
collect the data of the total employees c m ~ e d  in the survey* 
percent were production and related (blue collar) employees, and 
percent were office clerical, executives, administrators, scientistg, eo- 
gineers, and other non-manual (white collar) personnel. The sumq 
shows that : 
( I )  Fringe benefit expenditures for blue collar and white col1ar 

ployees combined amounted to 24.4 percent of total gross pasmi 
or 97.1 cents per payroll hour. 

(g) Expenditures for blue collar workers averaged 27.2 percant of 
gross payroll or 84.2 cents per payroll hour and for whih c o ~ a r  
employees, the costs averaged 23.1 percent of gross pay or 
cents per hour. 

employees such as paid leave for  vacations, holidays, sick leare, 
etc., overtime work or shift differentials, and nonproductia 
bonuses and severance pay. Such payments represented 16.8 per- 
cent of gross pay for blue collar workers and 13.4 percent for 
white collar workers. 

( 4 )  Payments in addition to the payroll include life and health 
benefit insurance, pension and retirement plans and insmoe 
payments required by law (i.e., unemployment compensation, 
social security, and workmen’s compensation) These payma& 
averaged 10.4 percent of total gross payroll for blue mdar and 
9.7 percent for white collar. 

(3) Included in these expenditures are payments made directly 

Survey of Scientific Salaries 

I n  Xovember 1966, Battelle hlemorial Institute (BMI) of Col~m- 
bus, Ohio, was awarded a contract for the design of a new sumep of 
cornpensat ion paid to scientific and engineering personnel e n p @  in 
research and development in the United States. The sume3: d 
utilize the maturity or “age-wage” approach under which salary 

is planned that the survey Till replace the National Survey of profe 
are related to years since receipt of degree, chronological age, etc- It 

The 40 C(X 
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.onY1 scientific Salaries conducted by the Los Alamos Scientific 

lp  t,he design phase, which is estimated to take about 12 months, 
In 411 place particular emphasis on assuring that the survey sample 

FJfl ly represents the universe to be measured. The actual con- 
gcm-ate 

,.,f the survey will be dependent upon AEC acceptance of the 
Assuming such acceptance and Bureau of the Budget (BOB) ,+lCt 

jesip. under the Febderal Reports Act, earliest the new survey could 
'pp ducted mould be during calendar year 1968. Currently being 
he con sidered, is the need for achieving an orderly transition from the 
rO* L4s~ survey to the new one. 

Because of direct interest in this project, the Department of Defense, 
xRtional Aeronautics and Space Administration, and AEC will share 

tlallS the cost of this design and the conduct of the first survey. 
oq 

'I 
gl,ora t.ors'- 

Approximate Percent 
representation 

.- 

%3 pay Or 106*3 

sed Trades Council (AFL-CIO) - _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _  
International Association of Machinists (AFL-CIO) - _ _ _  _ 
oil, Chemical & Atomic Workers International Union 

(AFGCIO)------------_,__________,_______-_-__- 
&lice Employees International Union (AFGCIO) _ _ _  _ - _ 
%+c. Unions (excluding Guards) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
lfisc. Guards Unions (IND) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

= 

= 

1 
3 
f - - 
f 

* 

dde directly to 
tys, sick l";"", 
nonproduction 
mted 16.8 per- 
l.4 percent for 

- 
€e and healte 
and insurance 
compensation, 
lese payments 
lue collar and 

9, 740 
5,985 

3,345 
1,735 
6,475 
1, 505 

28,785 

I) of Colurn- 
iew surrey of 
el engaged in 
? survey will 
h salary data 
I age, etc. It 
ey of Profes- _- 

33. 8 
20. 8 

11. 6 
6. 0 

22. 5 
5. 2 

99. 9 

COLLECTIVE BARGAl N IN G 
* - 
2 The 40 coSt-type Contmcfars employed 67,000 non-exempt ' 9 employees (excluding construction) in November 1966. About 43 ' rent of these employees are represented by labor unions as follows : t P "  s 

; I I 

t 
~ 

P 

Contract Renewals and Work Stoppages 

B s  of Il'ovember 1, 1966,39 organized units had completed negotia- 
tions involving labor contract renewals or reopening provisions. 
TKenty-five of these contracts were negotiated without work stoppage. 
The work stoppages resulting in the major portion of the 1,448,637 
man-hours lost were : 
(1) A strike at the Nevada Test Site over renewal terms for construc- 

tion labor contracts between %he Electricians and Pipefittern unions 
and Reynolds Electrical and Engineering Co. and Catalytic Con- 
struction CO. resulted in 324,159 man-hours of lost time. 4 
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(2) L!L dispute over daily travel allowance on collstruction n-ork at 
n’ational Reactor Testing Station. Idaho, caused a strike RhiCli 

- QQ. 
31 ours . 

Trades cohcil 
(HAMTC) called a strike against Battelle JIeilzorial Institute 

some 152,000 man-hours were lost oyer ai1 issue of unioll 
under a reopening provision of the coiitract. 

( 4 )  I n  July, tAhe HAMTC began a strike against ITT Federal 7 

affected several projects and resulted in a loss of 264,339 

contract-operator of the Pacific Sorthwest Laboratory I 

* .  

(3)  I n  June, the Haiiford (Wash.) Atcmic 

\ 

port Services, Inc., following tlie contractork takeover of a Portion up- 
of General Elwtrick operations. Employees of Douglas tjnitpd 
Nuclear, Isochm, and General Electric also participated in the 
strike wkich arose over Tage rate inequities. Total time lost 
amounted to  491,440 man-hours. 

( 5 )  The Fernald Atomic Trades and Labor Council Rent on strike 
September 30, #after the union membership failed to ratify the 
a,aI.eement previously worked out by their bargaining comGittep 
on contract renewal terms. The renegotiated contract was ratified 
on October 21 and work resunied 011 October 24. 

EMPLOYMENT OPPORTUNITY 

The AEC and its major contractors continued to broaden the em- 
ployment opportunities in the nuclear energy field. AEC Lllstitutd 
a strengthened equal e~iiploynient~ opportunity effort, Tithin t]le 
framework of the AEC iiierit system, which calls for iiiia,&atjt-p 
affirmative planning and continuing appraisal of resnlts. During 
F Y  1966 the percentage of h’egro employees within *kEC illcreased 
from 4.3 to 6.3 percent. 

Youth Opportunity Program 

During tlie summer, 1,000 young people morked for cost-type con- 
tractors at *4EC-owied facilities in response to President Johnson’s 
Youth Opportunity Canipaip.  I n  the summer of 1965, when the pm 
gram was introduced, participants totaled 665. Every effort. m s  made 
to expose the part.icipants in the program to stiniulating work and to 
lift their employment horizons. They worked as trainees in labom- 
tories, hospitals, libraries, computer units, sliops, offices and on con- 
struction projects in a. r i d e  variety of technical, clerical, administm 
tire, and manual wcupntions. 

About one-fourth of the 1,000 were members of minority group. 
High school dropouts accounted for 5 percent ; high school students, 8 
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groups. 
udents, 6 

t .  big11 school graduates, 36 percent; and college studeuts, 61 
of these would have been unable to continue their ed- 

Durin, 0 the sunimer, the AEC eniployed a t  its Headquarters and 
Ofices, 190 Souths in accordance with President Joluison‘s Youth 

Over 50 percent (IO8 of the 190) of these. 

preen 9 

],*f 
,ic&oll 

Field 
)I’P 

e1t1l 

wi’thout the employment offered through this program. 

ortllllity Progri1111. 
,levees were men~bers  of minority groups. 

Intern Program sulnmer 

part of its contiming effort to obtain m-ell-qualified cttndi- As 
for d i m t  employment, the ,4EC instituted a “summer in- dtttes 

IerIL program?‘ during 1966 for students who have completed 3 years of 
collee ue- 7 one purpose \\-as to attract and encourage competition for the 
\EC regular‘ intern and trainee programs, Although the first year‘s 
itfort stls modest in number (64), it brought forth a gmiifging re- 
, p s e  from minority group students. 

Bieforic PZozos7tut-e Site. During 1966, a viewing stand was coiistmcted on the 
edge of the Project Sedan crater at the R‘erada Test Site. Among the first to 
LE it were student summer emploxees of the AEC’s Xemcla Operations Office. 
The youths, ranging in age from 16 to 21, were hired as a part of President John- 
son’s Youth Opportunity Program. The 1,2SO-foot wide, 320-foot deep crater was 
formed on July 6, 1962, by the Plowshare program‘s first nuclear cratering 
eQeriment-a 100-kiloton nuclear detonation fired 635 feet deep in a 36-inch 
diameter hole in the alluvium soil. The detonation removed 8.42 million tom 
16.6 million cubic yards) of dirt  in a matter of seconds, showing the feasibility 
of using nuclear experiments for large-scale eanth-moring projects that would 
take months, or even years, to do by conventional means. 
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\Contractor Equal Employment Opportunity 

582 Buring the year ending September 30,1966, the AEC conducts 
-on-site compliance reviews of Government contractor estslblishmenb 

zlssure affiatire action compliance with Executive Order llas, 
a d  which calls for equal employment opportunity for all employ- 

applicants for employment. Increased emphasis was given t 
porate reviews of multiplant companies, and to stressing the lied f 
top management support and communication to dl  levels of super- 
vision. A significant advance was the adoption of pl'@-amard 
employment opportunity compliance reviews of pr~pect ive  recipient, 
of large supply contracts, and their subcontracts. Pre-award equal 
employment opportunity reviews and compliance reviews of major 
construotion contractors were conducted in selected cases. 

o w  
employment increased from 2.6 percent to 3J percent and all otbp 
minority groups from 3.3 percent to 4.3 percent. Minority employment 
increased in all employee categories. The percent of minority em- 
ployees in production and related classifications rose, from 9.1 to 12.2; 
in clerical and related from 6.1 to 6.9 ; in scientific and engineering from 
2.3 to  2.5; and in all other professional from 1.3 to 1.6. 

0 Cop. 

Or 

I n  cost-type contractor facilities the percent of Negroes t 

Civil Rights Act 

During the year the AEC concluded agreements with the Depart- 
ment of Health, Education and Welfare assigning to that agency 
artah responsibilities for evaluating and assuring compliance with 
T'it.le VI of the Civil Rights Act of 1964 by medical facilities, col- 
leges and universities, and elementary and secondary schools and 
school systems, which are recipients of Federal financial assistance 
from AEC, Title VI of the Civil Rights Act of 1964 provides that 
no person in the United States shall on the ground of race, color, or 
national origin, be excluded from participation in, be denied benefits 
of, or be subjected to discrimination under m y  program or aditity 
receiving Federal financial assistance. The assi,ments are proTidd 
for by AEC regulations and follow a plan of coordinated procedures 
developed by the Department of Justice. At year's end, approxi- 
mately 6,000 assurances of compliance with Title VI and the AEC 
Regulation had been received from current, and prospective recipients 
of Federal financial assistance from the AEC. 
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RDS AND REPORTS SYSTEM 
RADIATION WORKERS 

RECO 
FOR 

1966, the AEC continued to stress the importance of an ade- pur& 
ord keeping system for radiation workers. The need for 

uate for radiation workers has been well recognized for 
”dymber of years and has been an important part of the U C ’ s  health 
p p  program since the inception of the Manhattan Engineer $i,ct, 1959, the Joint Committee on Atomic Energy (JCAE) 

onps~ had held hearings on “Employee Radiation Hazards 

Bnd the hmlth and safety of workers employed in the radiation industry,. 
tile complex problem of compensation when a worker receives a radia- 
tion injury and the causal relationship between the two. One of the 

dant  conclusions reached by the JCAE, as stated in its S m m a q  
rsis of the hearings, was that practically universal agreement &Po 

Sl& esistd on the need for centralized records of individual exposum 
in to know the amount of radiation which an individual had 
dwrbed and also to prevent unnecessary exposure to excessive 
radiation. 

On Ahgust 9 and 12, 1966, identical bills were introduced by Con- 
npggnan Melvin Price of Illinois (H.R. 16920) and Senator John 0. 
Fastore of Rhode Island (S. 3722) to amend the Atomic Energy Act 

1954 to authorize the AEC to provide financial ass ihnce to ShtS 
participating in a uniform record-keeping system for radiation 
workers. Hearings were held on August 30 and 31, and September 
?pi& before the Joint Committee on Atomic Energg to receive testi- 
mony from the AEC, industry, organized labor, U.S. Department of 
Labor, the medical profession, the insurance industry, the States, and 
others. The record of the proce.edin$will be available early in 1967, 

p 9  te rec 

of qrorhen’s Compensation,” looking to the problem of protectiq 

PROPOSED SYSTEM 

The proposed records and repor& system, as initially drafted, con- 
templated an employer-State-Federal arrangement for the collection 
and maintenance of four basic categories of personnel data on moni- 
tored employees: ( a )  identification of the individual, his work I-- 
tion and duties ; ( 6 )  occupational exposure experience; ( G) certain 
administrative data; and ( d )  medical information, if maintained by 
the employer. 
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Central Information Repository Proposed 

Under the Iiroposed system, the monitoring requirements 
the salne as those specified in AEC regizlatioiis for eiilplopes 
lieZensees. For exposure t o  external radintioii. these n - 0 ~ ~ 1  
primarily those individuals Those exposure is likely to exceed 9. 

-4 pt'p 
cellt of perli~issible levels under tlie AEC's criteria (e.g. 11/; 

ing responsibilities, employers would be required to collect anc' nli,ili- 

tain individual einployee data ; and the State \rould audit cruploypr 
record keeping practices aiid ret &in certain individual einplovet, rPr, 
ords-for example, in the event an ei11ployer goes out of &sillek*- 

be lcept. on individllals otherwise iiot included in tlie system lyllo llad 
received liigli radiation exposure. Announcement of tile I)ropo 

tlian 300 individuals and organizations in ,4pril. 
As a. result of public comment, the proposed system was modified o~ 

Septeniber 2, 1966, and limited to : (0) the recording and repoHiIlg of 
certain identification data, and (6) occupational radiation exposure i l l-  
formation. Under the modified system, there will be no c l ~ a n p  in tilF. 
nature of tlie State and Federal responsibility. A1inouncen1ent r,f 

the modified system was also made by news release aiid in letters djs- 
seminated to  more than 300 individuals and orgmizations. It j, 

expected that further public comment on the modified system wil] con- 
t,ribute to tlie ultimate derelopment of n uiiiforni records and repon,. 
system for radiation workers. 

~. 
of Lip.. 

c' ilkll,& 

quaiter or 5 7 ~ 1 1 2 ~ 9  per year for \I-hole  bod^ es1)osur.e). I n  al'iiortion. Pe 

The  Federal Government. ~vould maint aiii a central repositurv b L  

system was made by news release and in letters disseiiiiiiated to Illow wl 

accuiiiuluted exposure information. I n  addit ion, a registry \voUld of 

RELATED ACTIVITIES 

T h e n  the Federal-State cooperative program was first annoancw! 
on December 6, 1965; it identified 11 standards which, if adopted 
the St H tes, 11-oulcl ilia t eriall? streiigthen workmen's conipwisat ion Ian.? 
for i*iidiation n-orkers. The standards suggested the need for c m -  
pulsory \vorkmen's coinpensat ion luws for the radiation worker, elini- 
illation of numerical exemptions for such workers, extra-territorialit!. 
prohibition agaiiist waivers, second injury funds, adequate time 
liiiiits for filing clainis, coverage for raditltioli injury, full corertp 
of ineclicd expenses aiid physical rehabilitation. vocational rehabilita- 
tion, authority to review n i d c : d  care and liiinp suin se,ttlementS. 

See pp. 49-51, ''Annnal Report to Congress f o r  1963." 
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,,f State Participation 
5td3s 

the elld of the p a r ,  participation by the States in strengthen- 
ormen's coinpensation laws was : 

E-orty-six St tltes ham agreed to analyze tlieir workmen's compen- 
lavi-s to determine their consistency Fit11 the 11 suggested 

h;ineteen States have mnipleted and furnished the AEC with an 
l d )  innlgis of their workmen's compensation law ; and 

gieiteel1 states we preseiitly conducting the analysis of tlieir 
I.;) sorkmen's conipensakion laws. 

Eleven States have indicated that they will participate in the 
4;) 

Ill ,zilother phase of the program, some 19 States, meeting certain 
r n i n i m u ~  criteria established by the AEC, have been asked to fur- 
nd the AEC with copies of reports filed by employers concerning 
lndical expense or lost time occasioned by occupational radiation 
esposum, copies of claims filed by employees alleging injury arising 
from occupational exposure to radiation, and analyses by the States 
of or adjudicated claims involving radiation i n j q .  Of these 
19 States: 17 have agreed to participate. 

,;Is 0 
rT tjleir q- 

:It? 

(1)  

gsndards ; 

StidY- 

Council of State Governments Action 

~n August 1966, the Council of State Governments adopted proposed 
uniform workmen's compensation legislation for radiation injury, 
bmrpopating the 11 standards recommended by AEC. The Council 
uwd the State adoption of the standards as vital if radiation work- 
ers are to receive adequate workmen's compensation coverage. 

Meetings and Symposia. 

During the year, the AEC staff discussed the proposed records and 
reports system with a number of groups and organizations. Among 
others, these included the U.S. Chamber of Commerce, the American 
JIedical Associat.ion's Council on Occupational Health, the Interna- 
tional Association of Industrial L4ccident Boa.rds and Commission, the 
Health Physics Society, and the Atomic Industrial Forum. I n  addi- 
tion, regional seminars Kere sponsored a t  Oak Ridge, Tenn. ("The 
Korking Man and the Atom") and at San Francisco, Calif. (L'14tomic 
Energy in the West") for the purpose of discussing the Federal-State 
cooperative program.. - 
' Alaska, California, Hawait. Idaho, Illinois, Indiana, Iowa, Louisiana, Maryland, Miehi- 

Pan- Wnnesota, Montana, Kebraska, h'ew Jersey. Kew Tork, Puerto Rico, South Dab: 
h h  ana Washington. 



CONTRACT1 NG POLICYr-w 
me AEC continues t o  promob and assist small business participa- 

tion in its prime contracts and sdmntracts. During 1966, for the 
fifth consecutive year, AEC prime c m t ~ ~ d x r s  awarded over 45 
cent of subcontracts to small business concerns : $312.9 million Per. o ~ t  

of $650.9 or 48.1 percent. The average pexenhge of subcontRq 
awards to small business during the period 1951-1966 was 41.8 pert 
cent. The chart shows, on a percentage basis, the share of AEC sub 
mntraots that has gone to small business during the past 16 yams 

M 

50 

40 

30 

20 

10 

0 

?ERCENT - 

#?,.,,.,..,- 
.r,..w. .,I . 

34.8 

rm 52 

-39.6. 

53 

A E C SUBCONTRACTING 
TO SMALL BUSINESS 

457 

5' 

-391- 

57 

-39.3. 

sa 

41.6 

59 

41.4 

61 

'16.1 

6s 

__1 

u 
47 LI 

SUkONTRACT DOLLARS TO SMALL BUSINESS (Millions of Dollmrr) 
209.7 259.0 3116 2412 153.8 2111 224.3 Zl6.0 2205 2625 m.4 338.0 333 364.9 3123 312.9 

SUBCONTRACT DOLLARS - TOTAL 
7855 7435 783.0 529.0 337.9 461.6 571.2 f5M 530.3 624.8 669.2 W W.5 7728  6772 65U 

BOARD OF CONTRACT APPEALS 

During 1966, the Commission made its last two decisions on contrad 
disputes appeals in the Matter of Metals & Controls Im. and the 
Matter of Rutherford Construction Co. These decisions concerned 
matters still pending before hearing examiners at the time the b- 
mission created the Board of Contract Appeals in November 1964. 

During the year, the membership of the Board of Contract & P d  
(BCA) was increased to 20, including the Chairman and V h  (%it- 
m m  (see Appendix 2 for list of members). In  addition, the pdtim 
of Vice Chairman was made a full-time job. 
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ard of Contract Appeals in the past year, received 19 appeals. 
resents a modst decrease of one appeal received by the board 

compared with those received in 1965. Of the 1966 appeals, 9 1966 transferred from the Office of the Hearing Examiners to 
t*O s,be bo&& and one was referred to the board by the Commission. Six 

ls which were docketed by the board in 1965 remained for dis- 

ed 1965, the board has.been successful in bringing the parties 
of resolving their disputm by agreement. 

utilization of the conference by &e Board is in lare part w 
onsible for attaining this result. Of the 16 appeals which have 
asposed of in 1966, 9 were settled during, or subsequent to, psp 

been 
aference or as a result of a preconference order. tbe 

A large pmportiOn of the Lpmls docketed by the %oarit have 
ia'Folved subcontractors. Of the appeals docketed in 1966, five were 
direct a p p d s  Of subcontractom m d  S ~ X  were appeals -of prime 
cDnmctors on behalf of subcontractors. This is a decrease from the 

year of five direct subcontractor appeals and an increase P 
of four appeals by primes on behalf of subcontractors. 

oe Bo 

rpqe& tion at the beginning of 1966 ; five of these appeals have now been 
FJ@ of. 

n e  P m p  

Bsm 
for the 

I . ' .  

accelerated procedure which provides for the consideration and 
disposition of appeals without r e e r d  .td their normal position on the 
docket has proved successful 'm brb@ng a h u t  a speedy re&ution 
of those appeals in which the procedure has been used. The p m  
dm may be used when the amount in dispute= does not e x d  $10,000 
or for other good causm The average pendency of appeals utilizing 
this procedure during 1966 was 84 days. . . 

The average pendency of a n  appeal before the board from the date 
of docketing to h a 1  disposition during 1966 am 
At the end of the calendar year nine appeals were 
board. 

In order to avoid hardships which administrative proceedings may 
cau~e small businesses, the board has made every effort to accommodate 
mll businesses in granting promptly the accelerated p r d u m  and 
in traveling to the location of the small business for the purpose of 
holding conferences and hearings. The board, aware of the cost asso- 
ciatsd with any appeal proceeding, has endeavored to reduce the cust 
to all appellants and the Government. 
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Jurisdiction Enlarged 

During 1966, the jurisdiction of the BCA  as enlarged . 
the conduct of hearings in debament- prmeedi11gs. The bmrd ‘w& 
the final authority to decide debarment cases after the llo1ding ~~ * 

A study of the problenis involved in transferring to tile H~~ 
au%hority delegated to the Atomic Energy CoIllmission by the $ ‘‘le 
hearing. 8 

dent under Public Law 85-804 has been undehken. Tllis law hi - 

functions in connection with the n&icmal defense to t&e wrhin 
tractual aotions without regard to other provisions of law. B~ 
tive Order lO’i’S9 of November 14, 1958, the AEC -as authbp~a t -  
exercise this authority. 

mits the President to authorize any department or agency exe Per- 
rdriin, 

F1 

HEARING E X A M I N E R S I N .  
The hearing examiners staff is responsible to the Colnmission for 

collduct of hearings and the issuance of orders and decisions in li- 
censing proceedings, including certain patent licensing matters, and 
in controversies involving the availability of Federal funds under Title 
VI of the Civil Rights Act of 1964.5 

YEAR’S ACTIVITIES 

The hearing examiners’ principal functions - during 1966 . F P ~  tn 
serve as chairman of atomic safety and licensing boards which a& 
jiidicate facility licensing cases under the Atomic Energy Act and 
the Administrative Procedure Act. Except for one remaining contract 
dispute appeal (filed prior to establisliment of the Board of Contract 
Appeals) in which a decision was issued in February, the year‘s TO& 

involved only reactor licensing proceedings. 

Reactor Hearings 

Atomic reactor licensing actions by boards presided over by hearjnf 
examiners in 1966 included:-(o) a supplemental initial decision in the 
SEFOR case (General Electric Co. and Southwest Atomic Enere  
Associates) ; (6) a posthefiring conferenre in  *4pril and an initia! 
decision in July in the Malibu Xuclear Plant case (Los h p l e  

Title VI of the Civil Rights Act of 1064 prcwidw that no perpon in the C n f t d  Swtpr 
shall on the ground of race, color. or national origin. Iw excluded from particiPatfoa 12, 
be denied benefits of, or be subjected to discrimination under any program or arridt‘ 
receiving Federal financial assistance. 
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APPENDIX 1 

O R G ~ ~ l ~ ~ T I O N  AND PRINCIPAL STAFF OF U.S. ATOMIC ENERGY 
COMMISSION 

OPERATING AND PROMOTIONAL FUNCTIONS 

(html  manager,^^-^^^^^^^^^,-,,,,,,,,,,,,, RQBEBT E. HOLLINGSWOBTH 
Executive Assistant to the General 

Manager ______- -_- _____ - ____  ----_---- DONALD C. KULL 
Assistant to the General Manager-----,--- HARBY S. TBAYNOB 
Assistant to the General Manager for 

PrOgram h a l y S i S  ________________ -__- ROGER w. A. b A 6 8 I . E  
Deputy General Manager _____,______-_______ EDWA~D J. BLQCH 
Mstant General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  HOWARD C. BROWN, JB. 

Director, Division of Industrial 
Participation _________________________ ERNEST B. TEEMMEL 

firector, Division of Intelligence _ _ _ _ _ _ _ _  C. H. REICHARDT 
Director, Division of Public 1 n f o m ~ ~ t i o ~ -  JOHN A. HARRIS, JR 

%r, OfEce of Congressional Relations,,,, JOHN J, Bmm 
‘Nhl &&stant for Disarmament- _ _ _ _ _ _ _ _ _ _  ALLAN M. LABOWITZ 

387 
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Assistant Genera 
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Manager for Operations---- JOHX A. ERLEWINE 
Director, Office of Economic Impact and 

Conrersion _______________---_________ JOHX C. R y - 4 ~  
Director, Dirision of Construction__------ JOHS A. DERRT 
Director, Dirision of Contracts ---__--__ JOSEPH L. SMITH 
Director, Division of Labor Relations---- H. T. HERRICK 
Director, Dirision of Operational Safety-- XARTIN B. BILES 

Assistant General Manager for Research and 
Derelopment _______________-__--_________ SPOFFOBD G. EXGLISH 

Director, Division of Biology and RSedicinei CHARLES L. DUXHAJ~, ~ 1 . ~  
Director, Division of Isotopes Develop 

Director, Division of Nuclear Education 

Director, Division of Peaceful Xuclear 

Director, Division of Research ____-___-_ - PAUL W. MCDAKIEL 

men t _____________________________  ---- E. EUGENE FOWLER 

and Training ______________---____ ---- RUSSELL s. P O O R  

Explosives ________________-__________ JOHN S. KELLY 

Assistant General Manager for Plans and 

Director, Division of Operations Analysis 

Director, Division of Plans and Reports--- WILLIAM H. SLATON 
Director, Division of Production _ _ _ _ _ _ _ _ _ _  F. P. BARANOWSKI 
Director, Division of Raw Materials------ RAFFORD L. FAULKSER 

Assihdnt General Nanager for Reactors------ GEORGE 11. KAYAIYAGH 
Director, Division of Xaval Reactors---- VADM. H. G. RICKOTTER 
Director, Division of Reactor Development 

Director, Division of Space Suclear 

Assistant General Nanager for International 

Production _______________________________  GEORGE F. QUINX 

and Forecasting __________________-___  PAUL C. F'INE 

and Technology _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  MILTON SHAW 

Systems ______-_____-_________________ HAEOLD B. FINGER 
* .  

Activities _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  JOHN A. HALL 
Director, Division of International affairs- MYRON B. ~ T Z E E  

Assistant General ?tI annger for L4dniinistration- Jons  T'. T T ~ ~ ~ ~ ~ ~ ~ ~ ~  
Director, Dirision of Classification------- 0. L. NARSHALL 
Director, Dirision of Headquarters Serv- 

ices __________________________________ EDWARD H. GLADE 
Director. Division of Kuclear Materials 

i\fanagemeiit _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  DOUGLAS E. GEORGE 
Director. Division of Personnel---------- DOSALD E. BOSTOCK 
Director, Division of Securitr _ _ _ _ _ _ _ _ _ _ _ _  JOHN A. WATERS, JR. 
Director, Division of Technical Informa- 

tion _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  EDXARD J. RRONESRSST 
Director, Dirision of Military Application---- Brig. Gen. DELMAR L. CROKSOX 

Controller, Office of the Controller _ _ _ _ _ _ _ _ _ _ _  JOHN P. ABBADESSA 
General Counsel, Office of the General Counsel- JOSEPH F. HEXSESSEY 
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JOHS HARLET, M.D. 
S. R. SAPIRIE 
CLAREACE L. KARL 
C. J. RODDES 
BERXARD S. STZLLER 
Ros  V. AXDERSOX 
J. PERRY MORGAX 
FRED H. BELCHER 
L ~ m ~ o s  D. GEIGER 
DOXALD G. WILLIAMS 
ELLISOX C. SHUTE 
JOEL T'. LEVY 
LAWRESCE G. JIOHR 

S.4TEAXIEZ STETSON 
STAXLET W. SITZMAN 

AEC Scientific Representatives Abroad 

Rrussels, Belgium ________________________^__ DIXOS R. HOTLE. Senior 

Enrnos Aires, Argentina _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (T'acant) 
Chalk Rirer. Ontario, Canada _ _ _ _ _ _ _ _ _ _ _ _ _ _  AfILm N. HUDSON, JR. 
Lrtulon. Euglaiid __-________________________ CAEL R. I l l ~ ~ ; l r s ~ ~ o n r  
Paris, France -_____________________________ (I'acant ) 
Tuba, Japan _______-_______________________ KHITTIE J. JICCOOL 

Represents t ixe 

LICENSING AND REGULATORY FUNCTIONS 

HAROLD L. PRICE 

CLIFFORD B. BECK 
31. M. AfANN 
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Assistant Director for Administration---,---- C. L. HENDEILBON 
Director, Division of Compliarwe -____-___ LAWRENOE D. Low 
Director, Division of Reactor Licensing--- PETER A. MORBXB 
Director, Division of Safety Standards--- FORRE~T TV~smm 
Director, Division of Materials Licensing- JOHN A. MCBBIDE 
Director, Division of States and Licensee 

Relations _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ____________ EBEB R. P ~ C E  

Directors of Compliance Field Organizations 

Region I (New Pork) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBERT FC’. K I F U C M ~  
Region I1 (Atlanta) _______________________ JOHN G. DA\T?s 
Region I11 (Chicago) . . . . . . . . . . . . . . . . . . . . . .  R-OY C. HAGEMAN 
Region IV (Denver) ______________________ DONDL WALKES 
Region V (San Francisco) _____L_____________ RICHARD W. SMITE 
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MEMBERSHIP OF COMMITTEES DURING 1966 

R STATUTORY COMMITTEES AND BOARDS 

, C m m i ~ ~  on Atomic Energy-ltPth Congress fkcond Session) 
Jd’ omittee was established by the Atomic Energy Act of 1946, and con- 
floed under Section 201 Of the Atomic Energy Act af 1954, to make ‘ ‘ c a w  

of the adtiviti- of the Atomic Energy h m i & c m  and of problem re- 
@ t~ the developmnt, Us, and control of a-ic energy.” The Cbmmittee is w s  and c u ~ ~ t b  informed with respect to the Chnmission’s activities 

a t i o n  reldng primarily to the Gommission or to atomic energy matters is kept 
Id to the Committee. The Committee’s membership ia m m m  of nine 
u&rs of the Senate and nine Members of the a o a ~ e  of m p w & ~ ~ t i ~ e ~ .  m- 

The 

lm, the Committee wae comporsed of : 
Representative C E ~  Ho- {Califbrnb), Oh.&mm.* 
Senatm JOHN 0. PAsTOaE (mode Island), Vice OM=%. 
Senator RICHARD B. RU66EI.L (Georgia). 
Senator CLINTON P. ANDEBBON (New Mexim). 
Senator h E a T  GOBE (Tennessee). 
&&or HENBY M. JACKsoN (Washington). 
Senator B O ~ E  B. HICKENLOOPER (Iowa). 
Senator GEOSGE D. AIKEN (Vermont). 
Senator WALLACE F. BENNETT (Utah). 
Senator CABL T. CURTIS (Nebraska). 
Representative MELVIN PEICE (Illinois). 
Reprewntative WAYNE N. A B P ~ A L L  (Colorado). 
Bepresentative JOHN YOUNG (Texas). 
Represenbtive THOMA6 G. M o w s  (New Mexico). 
Representative WIG HOSMER (California). 
Representative WILLIAM H. BATE6 (Massachusetts). 
Represenkative JOHN B. ANDER60N (Illinois). 
Representative WILLJAM M. MCOULLOCH (Ohio). 

JOHN T. CONWAY, Ezecutiue Director. 

Military Liaison Committee 

Under Section 27 of the  Atomic Energy Act of 1954, ‘‘there is hereby established 
a Military Liaison Committee consisting of (a) a Chairman, wh0.sbaJ.l !be the 
head thereof and who shall be appointed by the m i d e n t ,  by ‘and with the advice 
and consent of the Senate, who shall serve at the pleasure of the President; 
and ( b )  a representative or representatives from each of the DepalTtments of the 
&Y, Navy, and Air Force, in equal numbers as determined by the 8kxrekt-y of 

‘Under Section 203 of the Atomic Energy Act of 1954, a8 amended. the Chakmanahb 
alternates between the Senate and the House with each Congress; I t  Is expected that 
fh i tOr  Pastore will be the Chairman and Representative Holifield the Vice Chairman 

the 90th Congress. 

391 
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Defense, to be assigned from each Department bx the Secretary th 
who will serve without additional compensation. 

“The Chairman of the Committee may designate nile of the nlemb 

ereof, 

Committee as Acting Chairman to act during his absence. The Commission ers at  
advise and consult with the Department of Defense, through the Gommitte. Rhai; 

’E* all atomic energy matters which the Department of Defense deems t 
military applications of atomic weapons or  atomic energy including th ’ e dewqlL 

ment of Defense, through the Committee, fully and c u r r e n t l ~  infom@ e D%lQ- 
such matters before the Cornmiasion. The Department of Defenw, tb of all 
the Committee shall keep the Commission fully and currently informed r o W  

m a t ,  manufadnre. use and storage of atomic weapons : the allocation 
nuclear material for military research, and the control of information r 
the manufacture or utilization of atomic weapons; and shall keep t h  

Of sb-ia! 
elating 

matters within the Department of Defense which the Commission on aI! 
relate !to the development or application of atomic energy. The D ~ ~ ~ ~ ~ , ~ ~  k 

of Defense through the Commi&ee. shall have the authority to m k e  

‘Qg tr, 
military applications of akomic energy as the Department of Defen se mas dwQ, 
appropriate. If the Department of Defense at any time concludes that Btip 

. request, action, proposed action, or failure to ac t  on the part of the CommiAsicIB 
is adverse t o  the responsibilities of the Department of Defense, the & 
of Defense shall refer the matter to the President whose decision shall be final,” 

.recommendations to the Commission from time to time on nlatters plat- 

Pe% 

Hon. CAS WB-LSKE, Ghairnzm. 
Maj. Gen. Locms D. CLAY, Jr., rnited Stat- Air Force. 
Brig. Gen. KENRETH F. DAWALT, United States A m y .  
RAdm. FBAXCIS D. FOLEY, United States Nary. 
Maj. Gen. OTTO J. GLASSEB. United States Air Force. 
Brig. Gen. JAMES A. HEBBELEB, United States Army. 
Capt. JAMES G. WHITEAKER, United States Navy. 

Generol Advisory Commiffee 

This Committee was established by the Atomic Energy Act of 1946, and is con. 
tinued by Section 26 of the Atomic Energy Act of 1954. The nine civilian mem. 
bers are appointed by the President ,to advise the Commission on scientific Bud 
technical matters relating to materials, production, and research and derdop 
ment. The Committee meets at least four times in every calendar year and an- 
nually designate3 m e  of its o n  members as Chairman. 

Dr. L. R. HAFSTAD, CJtairman : Vice President, Research Laboratories, Gen 

Dr. MAXSON REFEDICT. Professor of Nuclear Engineering, Jlassachusettr 

Dr. JOHR C. BUGHER. retired (formerly Director, Puerto Rico Kuclear Center, 

Dr. EDWIN L. GOLDWASSER, Professor of Physics, University of Illinois 

Dr. JANE H. HALL. Assistant Director, Los Alarnos Scientific Laboratory. Lor 

Dr. SmPHEx LawRossI. &sociate D i r e o r .  Argonne Sational Laboraton. 

Dr. KORMAN E‘. RAMSEY. Professor of Physics, Harvard VniversitF, Cam- 

era1 Xotors Gorp., Warreu. Jlich. 

Institnte of Technology, Cambridge, Mass. 

San Juan, P.R. 1 .  

Urbana, Ill. 

Alamos. S. Mex. 

Argonne, Ill. 

bridge, Mass. 

During 1966, t: 

Advisory Comm 
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material. Me 
each, and one 
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nd is ~ n -  
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ntific oud 
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rim. Gen- 

achusett s 

r Center. 

Illinois. 

tmF, Lr~s 

,orator!.. 

ty, Cam- 

G, TESPEB, Yice President, Standard Oil Co. of California, San 
d*WAED 
J I L T  .' - 

Eyaacim, Calif. 
,TrtLrAa6 WEBSTER, Chairman. Ken- England Electric System. Boston. Afass. 

n r j A s E  C. SEWELL. Scietttific 08iccr; Lawrence Radiation Laboratory, 

, Compensation Board 
r f l  

was established in April 1949 pursuant to Section 11 of the Atomic 
*ket of 1946, and is the Board designated under Section 15ia of the Atomic 
A& of 1954. Section 157 provides that upon application for just mm- 

on or awards or for the determination of a reasonable royalty fee. certain 
agy shall be held before such a Board. ~ 

ROBERT C. WATSON, Chairman; firm of Watson, Code, Grindle & Watson, 

DOUGLAS NCLWD COOMBS, Simmonds Precision Products, Inc., TarrYtom, 

JfucoLM TV. law firm of Fraser, Wilson, and Fraser. Toledo. Ohio. 
BERMAN I. HERSIX, firm Of XeDougall, Hersh, Scott, and Ladd, Chicago, Ill. 
~,.AWEENCE C. KIXGSLAXD, firm of Kingsland, Rogers. Ezell, Eilers CP- Robbins, 

g&l B@d 

ruaceed 

DerU 
w 

flashingtoll, D.C. 

X.Y. 

St.  Louis, Mo. 

Daring 1966, the Board met on March 15. 

Advisory Committee on Reactor Safeguards 

me committee, estaiblished under Section 29 of the Btomic Energy Act of 195% 
as amended, reriews safety studies and facility license applications referred to it 
and makes reports thereon, advises the  Commission with regard to the hazards of 
pl.oposed or existing reactor facimies and the adequacy of proposed reactor 
&ety standards, and performs such other dutim as the Commission may request. 
The Committee's reports on applications for facility licenses become a part of 
the r m r d  of the application and available to the public, except for securiky 
material. Members are appointed by the Commission for a term of four years 
each. and one member is designated by the Committee as its chairman. This 
Committee was established as a statutory body in 1957. 

Dr. I)-4\.ID ORRENT, Chairman; Senior Physicist, Laboratory Director's Office, 

Sorvz~o J. PALLADIR'O, Vice Chairman; Dean, College of Engineering, The 

Dr. SPENCER H. BUSH, Consultant $to the Direcltor (Xetallurgy), Battelle 

HABOLD ETHJERINGTOX, Consulting Engineer (Mechanical Reactor Engineer- 

Dr. WILLIAM L. FAITH, Consultant ( 9 i r  Pollution Control), San Marino, 

Dr. FRANKLIN A. GIFFORD, Jr., Director, Atmospheric Turbulence and Dif- 

drgonne Satioual Laboratory, Argonne, Ill. 

Pennsylrania State Cniversity, University Park, Pa. 

Memorial Institute, Pacific Northwest Laboratory, Richland. Wash. 

ing), Jupiter. Fla. 

Calif. 

fusion Laboratory, U.S. Weather Bureau, Oak Ridge, Tenn. 
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Dr. STEPHEN H. HANAUEB, Professor of Nuclear Engineering, udpemb 
Tm-, Knoxville, Tenn. Qf 

Dr. JOBEPH bl. HENDRIE, Physicist, .Bruokhaven National Ubrat- 
N.Y. ’ *% 

HABOLD G. MANQELSDOBF, Chairman of the BoaTd, Crown Central petroleum 

Dr. JACK E. MCKEJZ, Professor of Environmentrtl Health Engin&% 
g, Cau- 

Dr. HaBSy 0. MONSON, Senior Engineer, Lnkma4mY Director’s 0-, + 

Dr. &LIE: A. O’KEUY, Consultant (cbemid Engineering), Littleton, 
Dr. WILLTAM R. STRATTON, Physicist, Los Alamos Scientific Lahrabrg, r, 
Dr. CABROLL W. Zma, Associate Dean of A* and SCienees, UnipmQ 

Chrp., Short Hills, N.J. 

fornia Institute of Technology, Pasadena, Calif. 

National h imra tmy,  Argonne, Ill. 0% 

Alamos, N. Mex. 

Howton, Houston, Tex. or 
R. E”. I?-=, Executive Becretarv; 13.5. Atomic Energy Commissioq 

During 1966, the Committee met 14 times, on January M, February 10-2 M ’ arch 10-12, April 44, May &7, June 9-11, July 14-16, August 4-5, August u-q 
September 8-10, October 6-8, November 10-12, I)ecember 2-3, apd December 

Atomic Safety and k o n r i n g  Beard Panel 

Section 191 of the Atomic Energy Act of 1954 authorizes, in addition to 0th- 
matters, the Commission to establish one or more atomic safety and licensing 
boards, each to be composed of three members, two of whom are to be t e & ~ c a ~ ~ y  
qualified and one of whom is to be qualified in the conduct of adminiaratipe 
proceedings. Technically qualified alternates may be appointed to atomic safety 
and licensing boards, to serve in the event that a board member should h a m e  
unavailable before the start of a hearing. The boards conduct such hmhm 
as the Commission may direct and make such intermediate or final d&siom 
it may authorize in proceedings with respect to granting, suspending, revom,  
or amending licenses or authorizations. The Commission has appointed b e  
following panel to serve on atomic safety and licensing boards as assigned. 

u r n  A. WE-, Panel Chairma%* U.S. Atomic Energy Commission, Wa&. 
ington, D.C. 

J. D. BOND, Hearing Examiner, U.S. Atomic Energy Commission, Washing- 
ton, D.C. 

R. B. BBIGGS, Director, Molten Salt Program, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 

Dr. JOHN HENRY BUCK, Vice President and General Manager, Tatnall Mea@- 
uring Systems and Nuclear Systems Divisions, The Bndd CO., Philadeb 
phia, Pa. 

Dr. A. DIXON CALLXHAK, Oak Ridge National Laboratory, Oak Ridge, T- 
VALENTINE B. DEALE, Washington, D.C. 
Dr. MILTON C. EDLUND, University of Michigan, Ann Arbr, Mich. 
Dr. STUABT GOBDON FOBBEB, Manager, Electric Propulsion Department, 

Space Technology Laboratories, TRW Systems, Redondo Beach, Calif. 
Dr. JOHN C. GEYER, Chairman, Department of Sanitary Engineering and 

Water Resources, The Johns Hopkins University, Baltimore, Md. 
Dr. CLBBK D. GOODMAN, Professor of Physics, and Department Chaman+ 

University of Houston, Houston, Tex. 

Wash-, D.C. 

+Mr. Wells is expected to assume the new Panel Chalrman poeftlon In April 1967 When 
he terminates his present assignment as Deputy Direetor Qeneral for Admini8trauoa 
LlaiSOn, and Secretariat of the International Atomic Energy, Vienna, Austria 
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Dr. EuoENE GWmGh, PrOfeSSOr of Physics, Duke University, Durham, N.C. 
Dr. JOHN P. HOW% Ford mofessor Of Engineering, Nuclear Reactor Laborfi- 

tory, Department of Engineering Physics, Cornell University College of 
Engineering, Ithaca, S.Y. 

Dr. DAVID B. HALL, Staff Member and K Division Leader, Los Alamos Scienti- 
fiC Laboratory, Los Alamos, E. bfex. 

S ~ M U E L  W. JENSCH, Chief Hearing Examiner, U.S. Atomic Energy Com- 
mission, Washington, D.C. 

ABTHUB W. MUWHY, Columbia University School of Law, New Fork, N.Y. 
V ~ B B E N  E. NPEB, Assist. Manager, Xuclear Safety Technology, Atomic 

Dr, HUGH PAXTON, Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 
Dr. TEOMA6 H. PIQFOBD, Professor of Engineering, University of California, 

Dr. LAWEENCE R. QUABLES, Dean, School of Engineering and Applied Science, 

Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho. 

Berkeley, calif. 

University of Virgina, Charlottesville, Va. 
C. STR~TTOK, Consulting Engineer, Hartford, Conn. 

Dr. C W E  WIUIAM6, Deputy Director, Brookhaven National Laboratory, 

Dr. CE~BLES E. WINTERS, Parma Research Center, Union Carbide Corp., 

Dr. aBEL WOL-, The Johns Hopkins University, Baltimore, Md. 
HOOD WOBTHINOTON, retired, Wilmington, Del. 

Upton, N.Y. 

Cleveland, Ohio. 

six new boards were drawn from the panel in 1966 for regulatory proceedings. 

APPEALS BOARDS 
gocrtd of Contract Appeals 

August 26, 1964, the Commission established the AEC Board of Contract 
Appeals under the supervision of a chairman, who reports directly to  the Com- 
mission. The Board of Contract Appeals considers and finally decides appeals 
from findings of fact or  decisions of contracting officers in disputes arising under 
AEO prime contracts containing a disputes provision and certain subcontracts 
containing such a provision. The Board, in addition, conducts hearings and 
finally decides debarment cases in  which a hearing has been held. The rules of 
practice of the Board were pa l i sh& in the Federa2 Register on September 11, 
IW, and codified as part 3 of Title 10, Code of Federal Regulat' 1 ions. 

PAUL H. GANTT, Chairman; U.S. Atomic Energy Commission, Washington, 

JOHN G. RUBERTG, Vice Chairman; U.S. Atomic Energy Commission, Wash- 

WILLIAM T. BARNES. Certified Public Accountant, Lybrand, Ross Bros. & 

CARMINE S. BELLIXO, Certified Public Accountant, Wright, Long 6 Co., Wash- 

LAWRENCE R. CSRWSO. Legal Counsel, Office of Research Administration, 

VALENTINE B. DEALE, Bttorney at Law, Washington, D.C. 
JOHN T. FEY. President of the Sational Life Insurance Co., Xontpelier, Vt. 
Dr. G. KEXNETH GREEN, Chairman, Accelerator Department, Brookhaven Na- 

HENRY B. Kmsm, -4ttorney at Law and President, Federal Publications, Inc., 

LEON- J. KOCH, Director, Reactor Engineering Division, Argonne National 

D.C. 

ington, D.C. 

Montgomery, Washington, D.C. 

ington, D.C. 

Princeton University, Princeton, K. J. 

tional Laboratory, Upton. N.T. 

ffashington, D.C. 

Laboratory, Argonne. Ill. sa- :  1 0  t 08 
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JOHX T. KOEHLER, Attoriies at Law, Butler, Koehler S- Tausig, Jy 
"Shihgtc 

D.C. Jn 
JOHX 9. XCISTIBE, Consulting Attorney, Office of Judge Advocate 

RALPH C. SASH, Jr., Sssociate Dean for  Graduate Studies, R 
e0C.p- 4 U S .  Sary. Washington, D.C. 

esearch an? 
Projects of Sational Law Center, George Washington University, ff 
ington, D.C. a &  

can Gnirersity, Washington, D.C. 
HAROLD C. PETROWITZ, Professor of Lam-, Washington College of 

CHARLES G. SOXR'EX, Assistant to the Director, Division of Construction, ~ t ' . g .  
ff, ArJlP,j. 

Atomic Energlr Commission, m7ashington. D.C. 

ARLERE TUCK ULxAR, Attorney at Lam, Washington, D.C. 
ROBEET M. UXDERHILL, Tice President and Treasurer Emeritus, CnirersitF crf 

Capt. DAXIEL B. VENTRES, Consulting Engineer, Haddam. Conn. 
California, Berkeley, Calif. 

JOHN W. WHELAS, Professor of Law, GeorgetonTn University Lan; Q ~ ~ ~ ~ .  
Washington, D.C. 

During 1966, the  full Board met once, on March 4. Appeals before the Board 8r,, 

handled by one- or three-member panels. Numerous Panel meetings were held 
by the panel members designated to  hear, consider, and  decide appeals, 

ADVISORY BODIES TO THE ATOMIC ENERGY COMMISSION 

Atomic Energy labor-Management Advisory Commitfee 

This Committee was established in illarch 1962 for the purpose of bringing trc 
gether representatives of organized labor with representatives of manageILleilt 
and the AEC to discuss general problems, procedures. and requirements in con- 
nection with the radiological aspects of industrial safety. 
panded in 1963 to permit consideration of questions other than those co1lcemM 
with the radiological aspects of industrial safety. 

H. T. HERRICK, Clmirnian ; Director, Division of Labor Relations, C.S. Atomit. 

C. L. HEXDEBSOPI', r i c e  Chairman; Assistant Director of Regulation for Ad. 

AXDREW J. BIEMILLER. Director, Department of Legislation, AFL-CIO. lVa>11 

H. ROY CHOPE, Executive Tice President for Development and Engineering. 

HAROLD A. FIDLER, Associate Director, Lawrence Radiation Laboratory. 

GORDOS U. FREEMAS. President. Iiiternational Brotherhood of Electriail 

CHARLES D. HARRIXGTOX, President, Douglas United Xuclear, In c... Richlnod+ 

HOWARD K. Nasos. President, Slonsanto Research Corp.. St. Louis. 110. 
P. L. SIEXILLER, Retired as President, International Association of JIa('llil1~ 

PETER T. S c ~ o ~ x a s s ,  President. Vnited Association of Journeymen and AIb 

ELWOOD D. SWISHER, Tire President, Oil, Chemical and Atoinic Workers Intrr 

Its charter was 

Energy Commission, JI'ashington, D.C. 

ministration. V.S. Stomic Energy Commission, Washington. D.C. 

ington, D.C. 

Industrial Sucleonics Corp.. Columbus, Ohio. 

Berkeley, Calif. 

Workers. Wash i n gt on, I). C. 

IT-a s h . 

ists and Aerospace Workers. Washington, D.C. 

prentices of the Plumbing and Pipe Fitting Industry. Washinjiton. 

national Gnion. Denrer, Colo. 
The Conimittee met 011 January 13.9fay 19, and Octo,ber 6 during 1966. 



Cornmitree for Bhlogy and Medicine 
b d @ v  

Co&ttee for Biology and 3ftxlicine was created in September 1M7 
T!lt' mmendation Of the Commission's Medical Board of Review. The 
ti" I lbe the programs in  medical aiid biological research and health 
I;ml@ittMmends to the Commission general policies in these fields. 
g::J we&,, L. GREES, C7tairntan J Director, The Jackson LaboratorF. Bar Har- 

E,HIWP p. COHES, Vice Cha irntaii; Professor and Chairman. Department 

hdrisow 

Itr. 
,,,,r* ,yniIle* 

Itr. of phSsiolo,qical Chemistry, Vniversity of Wisconsin School of Medicine, 

gfldison. WS- 
w l L L ~ ~ ~ f  F. BALE, Professor. Radiation Biology, Department of Radi- 

ation BiolOgS and Atomic EnergS Project. University of Rochester, 

OBERT D. XOEELET. Jr., Chairman of Department of Radiology, Univer- Dr. R 
of Chicago, Chicago. 111. 

I)r. ~ N D  C. BIGGEE, Medical Director. Hercules, Inc., Wilmington, Del. 
~ o ~ n ,  B. RUSSELL, Director, Agricultural Experiment Station, Univer- Dr. 
Dr. HARVET RL PATT, Scientific Secretaru; Director, Laboratory of 

Radiobiology, San Francisco Medical Center, University of California, 
a n  Francisco, Calif. 

ROSEXARY ELMO, Executive Secretary; US. Atomic Energy Commission, 
Washington, D.C. 

The Committee met five !times during 1966, January 13-15, l la rch  10-12, May 
lsl~, September 9-10, and Kovember 11-12. 

Hirtodro/ Advisory Committee 

ne Histof id  Advisory Committee was established by the Commission in 
r&man 1958 to advise the Commission and i ts  historical Btaff on matters 
*lati= to the preparation of the history of the Atomic Ene rm Commission. 

Dr. JAlrEs  P. BAXTER. 111, Chzirma?t; President Emeritus, Williams ai- 

Dr. JAMES L. CATE, Professor of History, Cnirersity of Chicago, 

Dr. CONSTANCE McL. GREEN, Washington, D.C. 
Dr. RALPH W. HIDY, Professor of Business History, Graduate School of 

Dr. GEORGE E. MOWBY, Professor of H i w r y  and Dean. Department of Social 

Dr. ISADORE PERLMAN, Associate Director, Lawrence Radiation Laboratory, 

Dr. Dox H. PRICE, Jr., Dean, Graduate School of Public Administration, 

Dr. ROBEXT R. J'ILSOX, Director. Laboratory of Suclear Studies, Cornell 

Dr. RICHARD G. HEWLETT, AEC representatire, Chief Historian, U.S. Atomic 

Dr. 

Boc.ester, S.f. 

sitg of Illinois, Urbana, Ill. 

lege. Williamstown, Mass. 

Chicago, Ill. 

Business Administrakiw, Harvard University, Cambridge, Afass. 

Sciences, University of California. Los Angeles. Calf. 

Berkeley, Calif. 

Harvard University, Ombridge, AIass. 

University, Ithaca, N.T. 

Energy Commission, Washington. D.C. 

Thf'Committee did not meet during 1966. 
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Advisory Committee on isotopes and Radiation Development 

This Committee was established by the Commission in July 19% t 
means of encouraging widescale industrial use of radioisotopes and O adrise$ 

radiation. nw@Q 
JOHN L. KUBBNZ, Chairman; Vice President, Nuclear-Chicago c 

JOHN W. LANDIS, Vice Chairmarc; General Nanager, Washington 0 

Dr. CHABT,ES AETANDI, A s m i a t e  Director of Research, Ethicon, znc., 

Dr. JOHN C. BRAN-, President, Nuclear Science and Engineerin 

H. ROY CHOPE, Executive Vice-president, Industrial Nucleonics 

Dr. W ~ D  P. CONNEB, Technical Assistant to the Director, Hercules a 
Dr. DAVID E. HABMEE, Head, Radiation Chemistry Section, Nuclear & 

a& 

Oma Dr. THOMAS E. HICKS, Professor of Engineering, University of tau 

Dr. GEOBGE M. KAVANAGH, Assistant General Manager for Reachrs, 

E. ROBEBT HINNEY, President, Gorton Corp., Gloucester, Mass. 
HOWABD K. NASON, President, Monsanto Research Cow., St. Louis, Mo. 
Dr. DONALD W. PRITCHARD, Chairman of Department of OceanographF, 

Dr. LEONARD REIFFEL, Instructional Dynamics, Inc., Chicago, Ill. 
Dr. RODMAN A. SHARP, President, Sharp Laboratories Div., Bmh-,-an 

Dr. KATXAN W. SNYDEB, Professor of Nuclear Engineering, Georgia 

Dr. VIYIAIV T. STANNETT, Associate Director, Camile Dreyfus Lab., Research 

Dr. PAUL M. STIER, Program Manager-Corporation Research, Union &r. 

Dr. ERNST STUHLIKGER, Army Ballistic Nissile Agency, Marshall Space 

DAVID E. TRUMBULL, Manager-Planning Projects, Atomic Products Diri- 

Plaines, Ill. OQ.9 

The Babcock & Wilcox Co., Washington, D.C. 

Division of Johnson & Johnson Co., Somerville, N.J. 

perations 

Pittsburgh, Pa. c"rp., 

I 

a 

Q - 9  co, lnmbus, Ohio 

search Center, Hercules Powder Co., Wilmington, Del. 

Research Laboratory, Dow Chemical Co., Midland, Mich. 

c 

at Los Angeles, Los Angeles, Oalif. 

Atomic Energy Commission, Washington, D.C. 

Johns Hopkins University, Baltimore, Md. 

struments, Inc., La Jolla, Calif. 

stitute of Technology, Atlanta, Ga. 

Triangle Institute, Durham, N.C. 

bide Corp., Tarrytown, N.P. 

Flight Center, XASA, Huntsville, Ala. 

sion, General Electric Go., San Jose, Calif. 
The Committee met h i c e  in  1966, on March 3-4 and  October 67. 

Advisory Commitfee an Medical Uses of Isotopes 

The Committee was established in  1958 and replaced the Subcommittee on 
Human Applications of the Advisory Committee on Isotope Distribution. Tbe 
Committee will advise the Commission on policies and standards for the regula- 
tion and licensing of' medical uses of radioisotopes in humans. 

Dr. JOHK A. XCBRIDE, Ck u imzun; Director, Diyision of Naterials LicensinF;, 
U.S. Atonlie E n e r a  Cornmission, Washington, D.C. 

Dr. WALLACE D. A R i r s T H o x G ,  Professor of Physiological Chemistry, DePrt- 
n i w t  of Biochemistry. Tniyersity of Jlinnesota Medical Center, Minne 
:I 1 K 11 is , 31 i 11 xi. 
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Depart- 
, Minne- 

JofLp E. CRRISWS, Head, Bionucleonics, Purdue Uni=,-ersitr, Lafayette, 

''iflE0~ F. BROWK, Department of Radiolom, Cnirersity of California 
Jledical School, San Francisco, Calif. 

A. D. COOPER, Dean of Sciences, XorthKestern 'C'niversity, Chicago, 

111. 
R O B ~ T  H. Gamaua, Associate Professor of Radiology, University of 

E. RICIXARD KIXG, Professor of Radiology, U edical College of Virginia, 
Pr* 

GWRGE V. LEROY. jledical Director. Metropolitan Hospital, Detroit, Mich. 
BcJ,Ox W. RAWSOX, Attending Physician and Chairman, Memorial Dr. 

Dr. 
Dr. HABALD ROSSI, Professor of Radiology, College of Physicians and 

I)r ROBERT J. SRALEK, Associate Physicist, University of Texas, 31. D. Ander- 

Committee met once during 1966, on January 15. 

p r .  

pr. JOHN 

'r;ientuckF, Lexington, ~ y .  

Richmond, 

Hospital, New Tork, S.T. 

Surgeons, Columbia University, Sew Tork, S.T. 

Hospital and  Tumor Institute, Houston, Tex. 

,whnkal Advisory Pond on Peaceful Use Sofeguards 

nb panel was established by the Comniission during 1965 to adrise the AE>C on 
ical matters relating to safeguards for  proriding assurance of the peaceful w=M 
of nudear materials and equipment including : deT-elopment of safeguard tlm 

I,rl&~lres, implementation of safeWard procedures, and research and develop 
in safeguards. 

Y ~ R O N  33. KIUTZER, Ch aimnun; Director, Division of International affairs, 
r.S. Atomic Energy Commission, Washington, D.C. 

FLOYD L. CULLER, Jr., Asgistant Director, Oak Ridge Sational Laboratory, 
oak Ridge, Tenn. 

Dr. \F-ILLUM E. DEAL, Jr.. Assistant G U S  Dirision Leader, Los Blamos Sci- 
entific Laboratory, Los Alamos, S. Mex. 

FENDALL P. JOHKSON, Plant Superintendent, Tankee Atomic Electric CO., 
Rome, Mass. 

JOHK W. LANDIS. General Xanager, Washington Operations, The Babcwk & 
Wilcos Co., Washington, D.C. 

Dr. HORACE W. NOSTON, 111, Professor of Statistical Design and b a l y s i s ,  
Cnirersity of Illinois, Urbana, Ill. 

Dr. RERSARD I SPINBAD, Director, Reactor Engineering Mrision, ArgoMe Na- 
tional Laboratory, Argonne, 111. 

Dr. EVERETT B. SHELDON, Snperintendent, Separations Technology Section, 
Savannah River Plant. Aiken. S.C. 

WILBER A. STRBUSER, 8ewefar.p; Assistant Director for Safeguards, Divi- 
sion of International Affairs, U.S. Atomic EnergS Commission, Wash- 
ington, D.C. 

The Panel niet three tinies in 1966, January 2GZ, Uarch 29, and Sovember 14-16. 

h d m r e  Advisory Committee 

The Plowshare Ad-iisov Committee was established in September 1939. The 
Cmmittee's function is to adrise  the Commission and the General Manager on 
electing and carwing out particular Plowshare projects ; developing and making 

2iO-675-67-27 
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arailiible various aiiplications of Plowshare. and cleterniining the geIleral ~ . 
tation and policies of the Plowshare program. %,. 

TTILLARD Bascox, President, Ocean Science & Engineering. Iric., TTash' 
D.C. '1% t nt,. 

Lt. Gen. JA3fEs  H. DOOLITTLE. T:SA (ret.). Consultant, Los Angeles, 
Dr. HYMER L. FRIEDELL. Professor of Radiobioloa, Western Re 

nr. Lours H. HEMPELMASS, Professor, Experimental Radiology, St 

Dr. RICIIARD LATTER, Research Council, The RASD Corp., 8 a n b  llI\I"nic;t 

Serve rni: 

316 

rersity, Clereland, Ohio. 

moria1 Hospital, Unirersity of Rochester. Rochester, S.T. 

Calif. 
Dr. WILLARD F. LIBRT. Director. Institute of Geophysics and PlanetalT Phyp 

Dr. DONALD H. JICLACGHLIS, Chairman of the Board. Homestake Nining co, 
San Francisco. Calif. 

Dr. PHILIP C. RUTLEDGE. Partner. JIueser, Rutledge. Tf-entuwrth & Johns*n,, 
S e w  Pork, X.T. 

Dr. PAUL B. SEARS, Professor Emeritus and former Chairman, Consemation 
Program, Tale t'nirersity, Ken. Haven, Conn. 

Lt. Gen. ALFREP D. STARBIRD, VSS. Director, Defense ComninnicationF; A~~.,,,, 
Arlington. \-a. .. 

ics, Vnirersity of California, Los Angeles, Calif. t .  

The Committee met once during 1W6, Sorember 1-20. 

Advisory Committee on Reactor Physics 

This Committee \\-as established in 19.71 to consider the status of the derelopn,pm 
of reactor physics inforniation required for the development of reactor mnpppts 

and the design and construction of reactors. Siwlear physics data anrl reartor 
physics studies required for the design and developinent of reavtors are reT.ipwpd 

and evaluated. The Committee's recomnienda tionQ allrl ndviw are nv(1  in plnfi 
ning research and dereloyment work in the field of r6artor phpics.  

Dr. IRA F. ZARTJIAS. rhaimzan : Dirision of Reacbtor Development and TWab 

Dr. ROBERT AVERY. Director, Reactor PhgsicII Division, Argonne National TAB 

I)r. ROBERT BATARI). Westinghouse Elwtric Cbrp.. Hettis Atomic Pwyer nir.. 

JACK CHERSICK. Associate Head. Reactor Physics DivisiolL Rrookharen 53. 

Dr. E. RICHARD COHEX. Associate Dirwtor, Nort.11 Brnwic*an Ariatioil Pcirnrr 

Dr. F'RAXK G.  Dan.sos. 5r.. Manapr, Reaptor Phys in  rept. ,  Pacifir Sortha 

Dr. GERHARD DESSAT-ER. Director, Physics Swtion, Savunn:ih River IAhn. 

Dr. R1cHa~n EHRI.ICH. Manager, Advanced Development Actirity. snnlk 

Dr. REX FLT'HARTT. Nanager, Niiclmr Physics Branch, Idaho Nuclear 

Dr. E. R. GAERTTXER. Director, Linac Project, Rensselaer Polfiechnic Inst' 

nology, V.S. A4tomic E n e r u  Commission, Washinxton, D.C. 

oratory, Argonne, Ill. 

Pittsbnrgh, Pa. 

tional Laboratory. I'pton. S.T. 

Center, Thousand Oaks. Calif. 

west Laliora tory. Richland, Wash. 

tory, Aiken. S.C. 

,Qtomic Power Laboratory. Schenectady, N.T. 

Idaho Falls. Idaho. 

tute, Troy, N.Y. 
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itionnl lab 

khnwn S:r 

Dr. GOBDOS HAMEX, JAB hlanios Scientific Laboratory, Los Alamos, N. Ales. 
Dr. W. E. LOEWESSTEIX. LUFBR Program Office, Argoiine Sational Labora- 

Dr. F. C. XAIEXSCHEIN, Associate Director, Seutroa Physics Dirision, Oak 

Dr. JIARK NELHI?~'. Professor, Suclear Reactor Laboratop, Cumell Univer- 

Dr. LOTHAR Vi'. XOBDHEIJI, Chairman, Theoretical Physics Department, Gen- 

Dr. THOMA Rf. SNTDEB, Manager, Physics, Atomic Power Equipment Dept., 

Dr. ALVIN RADKOWGKT, Secretary; Division of Xaval Reactors, U.S. 

tory, Argonne, ILL 

Ridge Sational Laboratom, Oak Ridge, Tenn. 

sity, Ithaca, S.T. 

eral Atomic, San Diego, Calif. 

Tallecitos Atomic Laboratom, General Electric Co., Pleasanton, Calif. 

Atomic Energy Commission, Washington, D.C. 

The Committee met three times during 1966 : on February 10-11 at San Diego ; 
9 Prj 1 28-29 at Washington ; and December 5-6 at Brookhaven National Labora- 
ton. 
Advi$ol)' Committee for Standord Reference Materials and Methods of Measurement 

The committee was originally established by the  Commission in March 19.36, as 
the Committee for Uranium Isotopic Sandards. The Commission approved its 
reconstitution in January 195S, under its present title, to reflect the broadened 

of its activities. The Committee reriexvs, evaluates, and recommends means 
for providing standarbl reference materials (i.e.,  certified chemical and isotopic 

for uranium, plutonium, etc.) and approved methods of measurement 
for materials of special importance to atomic energy activities. 

Dr. SAMVEL C, T. MOD~WELL, Clmirman; Assistant Direotor for  C o W d ,  Divi- 
sion of Nuclear Materials Management, U. S. Atomic Energy Commission, 
Tashington, D.C. 

JOHN L. HAGUE, Chief, Inorganic Standards, Office of Standard Reference Ma- 
terials, U S .  National Bureau of Standards, Washington, D.C. 

Dr. CHARLE~ F. METZ, Group Leader, Chemical and Instrumental Analy~is ,  
Los Alamos Scientific Laboratory, Los Alamos. K. &lex. 

Dr. HORACE W. KORTON, 111, Professor of Statistical Design a n d  Analysis, 
UnirersiQ of Illinois, Urbana, Ill. 

Dr. LEORARD P. PEPKOW~TZ, Vice President, Nuclear Materials & Equipment 
Corp.. Apollo, Pa. 

C. J. RODDEW, Area Manager, New Brunsctick Area Offlce, U.S. Energy 
Commission. Xew Brunswick, N. J. 

CHARLES 3f. STEVENB, Associate Physicist, Chemistry Division, Argonne Na- 
tional Laboratory, Argonne, 111. 

C. D. W. THORNTON, Technical Director, North America, International Tele 
phone &- Telegraph Corp., Sea- Tork, h-.Y. 

Dr. J. ERREST WILKIXS, Assistant Chairman, Theoretical Physics Depart- 
ment, General Atomic, San Diego, Calif. 

RALPH J. JOXES, Secretary. Chief, Technical Bmnch, Division of Nuclear 
Ifaterials Management, U.S. Atomic Energy Commission, Washington, D.C. 

The Committee met twice in 1966, March 2-3 and December 9. 

Advisory Committee of State Officiofs 

Committee mas established by the Commission in September 1955 as a 
means of obtaining the riews and advice of State regulatory agencies in  eonnec- 
tion with the Atomic E n e r u  Commission's re,bulatory activities in the field 
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of public health and safety. In 1960, its function was enlarged 
guidance in the implementation of the Commission’s program of  
with States. At the same time. its membership was broadened to provide cOOhra a la tibt 
cross section of views consistent with its additional functions. 

mission, Washington, D.C. G,F& 

Public Health, Olympia, Wash. f r f  

Public Health, Denver, Colo. or 

to fUQi 
@& 

QPt 

H. L. PRICE, Chairtnarz; Director of Regulation, U.S. Atomic E 

Dr. BERNARD BUCOTE, Director of Health, n’ashinaon State Department 

Dr. R. L. GLEERE, Director of Public Health, Colorado State Departlnrllt 

CARL FXASUBE, Committee of State Officials on Suggested State L ~ ~ ~ ~ ~ ~ ~ ( ~  

ROBEBT H. GIFFORD, Executive Director, Southern Interstate xuclear B,,a!,d. 

Dr. ALBEBT E. HEU5TIS, State Health Commissioner, Xichigan D 

C. W. KLASBEN, Chief Sanitary Engineer, Illinois Department of 
Health, Springfield, Ill. 

Dr. Mows KLEINFELD, Director, Division of Industrial Ergime, N~~ Tork 
State Department of Labor, Sew Sork, X.X 

W. T. LINTON, Executive Director, Water Pollution Control Authority, son& 
Carolina State Board of Health, Columbia, S.C. 

HENRY AI .  NARX, Coordinator, Atomic Derelopment Activities, xcsthr 
Conn. 4 

Dr. JAMES E. PEATY, Commissioner of Health, Texas State Departmenl a 
Health, Austin, Tes. 

W x m m  J. PIERCE, Sational Conference of Commissioners on Uniform bnr, 
University of Michigan Law School, Ann Arbor, Mich. 

B. A. POOLE, Director, Bureau of Environmental Sanitation, Indiana State 
Board of Health, Indianapolis, Ind. 

D. P .ROBERTS. Chief. Industrial Hygiene Section, Tennessee Department si 
Health, Sashville, Tenn. 

OLTVEB H. TOWNSEND, Director, Sent Fork State Office of Atomic and spit 
Development, Xevi Pork, S.Y. 

The Committee did not meet in 1966. 

West Virginia University, Uorgantown. W. Va. 

Atlanta, Ga. 

of Health, Lansing, Mich. epamnq 

Advisory Committee 01) Technical lnformotion 

This Committee vias established during 1961, replacing the Advisoq Commft. 
tee on Industrial Infomiation, formed in 1949. The Committee addwee sad 
assists in the planning and execution of the AEC’s ‘technical information pxogm~. 

EDWABD J. B R U N E ~ L ~ N T ,  Chairman; Director, Division of Technical Itb 

CARROLL G. BOWEN, Director, the 31.1.T. Press, Nassachusetts Institute 

JOHN E. DOBBIN, Project Director, Edueational Testing Serrice, Princem- 

Dr. HOTLANDE YOUNG FAILET, Chicago, Ill. 
JAMES L. GATLORD, Senior Partner of James L. Gaylord SssociatM pade 

Dr. ~ L L E N  G. GRAY. Editor, “Iletals Progress,” American Society for 3feBls. 

XORNAK H. JACOBSOX, Technical Publishing Co., Barrington, 111. 

formation, US. Atomic Energy Commission, Washington, D.C. 

Tec hn o l c g ~  , Cambridge, Mass. 

S. J. 

Palisades, Calif. 

Metals Park. Ohio. 
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, Indiana State 

Department of 

risor,r Comnift- 
ee advises .and 
nation pmgnrn. 

: Technical In- 
.c. 
t ts  Inntitute of 

vice, Princeton. 

wia te s ,  Pacfffr 

iety for Netal% 

, Ill. 
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LANDIS, General Af auge r ,  Washington Operations, The Babcock 

m., Washington, D.C., representing American Suclear Society, 

r ice President, Reinhold Publishing CQ., Sew Tork, X.Y. 
F@ T. S C B R r ~ ~ ~ ~ ~ ~ ~ ~ ,  Director of Research, A-C Spark Plug Division, 
E;.4Rt Motors Corp., Flint, Xich., representing the American Ceramic 

Inc., Columbus, Ohio. 
. ~OWXSESD,  Director, Nevi Tork State Office of Atomic Derelop- 

DrJVER 

SIGHT, Vice President, 3lcGraw-Hill Book Co., Inc.. Sen- Tork, 

S.1. 

J& 3- s. rfil@S 
cbimgo, 111. 

p. mas, 

g,gietY, 

n,ent, xew Tork, N.Y. 
J o p ~  

Csrumittee met once, during 1966 on Xorember 21-22 

of Senior Reviewers @? 

crrrmm ieee of Senior Reviewers studies the major technical activities of the C O m ~  it,auic E D ~ W  C ommission program and adrises the Commission on classification 
- declilasification matters, making recommendations n-ith respect to the i-ules 
t' d e  for the control of scientific and technical information. The corn- 
& winsids of eight members each of whom is appointed for a 1-year term. 
JW Dr. W ~ E N  C.  JOHASON, Chairman; Pice President, Special Scientific Pro- 

Dr. EUGENE EYsTEB, Alternate GMX Division Leader, Los Alaraos Scientific 

D~. A c. HAUBSMANN, A Division Leader, Iiawrence Radiation Laboratory, 

nr, JOHN P. HOWE, Professor of Engineering, Cornell Unirersity, Ithaca, S.T. 
Dr. FRA~E: C. HOYT, >liSSileS SyStemS Division, Lockheed Aircraft Corp., 

Dr. J. REGIXD RICHUDSOB, Professor of Physics, Unirersity of California 

Dr. JEBSE W. BEAMS, PIY3fessOr of Physics, University of Virginia, Charlottes- 

ROBERT W. HENDEBGON, Trice President, Sandia Oorp., Albuquerque, K. M a .  
Committee met 9 times during 1966, on April 2Ti2'7, May 15-17, June 1 3 ,  

June 13-15, August 15-17, September 19-21, October 31-November 2, Novem- 
ber 3130, and December 20. 

Mothemufics und Computer Sciences Research Advisory Committee 

University of Chicago, Chicago, Ill. grams, 

urnratow, LoS  Alamos, K. Mex. 

Livemore, Calif. 

palo Alto, Calif. 

at Los Angeles, Calif. 

rille, Va. 

me Sathematics and Computer Sciences Research Advisory Committee was es- 
ablished in 1960 as  an advisory board to the Division of Research of the AEC to 
malie recommendations on computer research and developmeat programs and pro- 
nde advice and guidance on problems in this field. 

Dr. JOHN R. PASTA, Chairman; Digital Computer Ija'boratory, University of 

SAMUEL N. ALEXANDER, Senior Research Fellow, National Bureau of Stand- 

Prof. FREDEBICK P. BROOKS, Departnlent of Information Science, University 

Dr. SIDXEY F'ERXBACH, Computation Division, Lawrence Radiation liabora- 

Dr. A~smm S. HOUSEHOLDEB, Oak Ridge National Laboratory, Oak Ridge, 

Dr. b o  L. JTJXCOSA, The Rand Corp., Santa Monica, Calif. 
Dr. TOSHIO SHIMAMOTO, Bmkhaven National Laboratory, Upton, N.Y. 

Illinois, U&ana, Ill. 

ards, Washington, D.C. 

of Korth Carolina, Chapel Hill, K.C. 

torn, Lirermore. Calif. 

Tenn. 

I I b  
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Dr. JAMES J. STOKER. Courant Institute of Slathematical Sciences p 

Dr. CHARLES Y. L. SNITH, Uathematics and COmpUterS Branch, PhyrsiC\ 
University, X m  Tork. S.T. ' A ew Potl, 

Mathematics Programs, Division of Research, C.S. Atomic Energs ' ~~~. "id 

Or cQte,, 

mission, Washington, D.C. 

Stanford University, Palo Alto, Calif. 
Dr. T c r ~ ~ h f  F. NILLER. 6ccretnru; Stanford Linear A4ecelerat 

The Committee met twice in 1966, on Nay 4 and September 30. 

Nuclear Cross Sections Advisory Group 

This Group, appointed on a yearly basis, prorides ConSUltatiOn and guid 

from this program is of fundamental importance to many activities of the 
AEC. 

Dr. ALAN B. SMITH, Chairman ; Awonne Xational Laboratoxp, Argon 

DOT R. HARRIS, Bettis Atomic Power Laboratory. Pittsburgh. Pa, 

the Commission's program of nuclear cross-section m€'asurements. Informati(,, anCp for 

Prof. HERF~EXT GOLDSTEIN. Columbia University, Xew Tork, X.Y. 111. 

Dr. WILLIAM H. KOCH, U.S. National Bureau Of Standards, Washingto4 
D. C. 

Dr. MICHAEL S. MOORE, Idaho Nuclear Corp., Idaho Falls, Idaho. 
Pmf. HETRY W. N ~ S O N ,  Department of Physics, Duke t'niversitr D ~ *  

. *  
ham, N.C. 

HARRY PALEVBHY. Brookhaven Sational Laboratory. Tipton, N.P. 
Prof. G ~ A L D  C. PHILLIPS, Department of Physics, Rice University, Roustnn, 

Dr. GEORQE L. ROGOSA, Division of Research, C.S. Atomic Energy Commission, 

Dr. EUGENE HADDAD. Division of Research, C.S. Atomic Energy Commission 

Prof. Enwm F. SHRADER, Case Institute of Technology. CJeveland, Ohio. 
Dr. PAUL H. STEXSOY. Oak Ridge Sational Laboratow, Oak Ridge. Tenn. 
Dr. N. F. Tf7rnx~~, Defense Atomic Support Agency. U.S. Department of 

Defense. Washington, D.C. 
Dr. IRA F. ZARTMAN, Dirision of Reactor Derelopment and Technology. c.s 

Atomic Energy Commission, Washington, D.C. 
Dr. HENRY MOTZ, Secretary; Los A41arnos Scientific Laboratory. Lfh' 

Slamos, N. Nex. 

Tex. 

Washington, D.C. 

Washington, D.C. (A7fernate) 

EX-OfFicio Members: 

Dr. RICHARD F. TABCHEK, Los Slamos Scientific Laboratory, Los Alnmns. 

Dr. GEORGE A. ROLSTAD, Division of Research, U.S. Atomic Energy Cammic 

Prof. WILLIAM W. HAVENS, Jr.. Department of Physics. Cnlunibia UnirerPitr. 

N. hiex. 

sion, Washington. D.C. 

h'ew Tork. N.T. 
ORiciol Observers: 

CHARLES 11. GOTTSCHALK. Division of Technical Information. r.s. -$tomi'* 

XURRET D. GOLDBERG. Brookhaven Kational Laboratory. Upton. N.T. 
Energy Commission, Washin@on. D.C. 

The Committee met twice in 1966, on Jlarch 25-26 and Kovember 10-11. 

5 0 1 0 1 1 1  



,plminted in March 1949 primarily to rerien- specific personnel 
n.bich arise under the Commission's administratiye rerieK proce- 

recommendations concerning them to the General Jlaiiager. 
d-&eS the Conlmission on the broader considerations regarding 

sllch as criteria for determining eligibility for security clear- 
l l l t f  tO 

,r.Eonnel security procedures. 
* ; , l id IW 

~~~s I,UHCFs. Chairman ; Pureell& Xelson, Washington, D.C. 
(;.\ * J. n 'mo~ ,  firm of Whiteford, Hart, Carlnody 8: Wilson, Fashing-  
JOlIS 

flIU.  n*c. m ~ m ,  Princeton University, Princeton, X.J. 
],,,[-Is 8. 

twice during 1966, on April 1 and September 8. 
fsl- Fciilr 

: 
Information Pane' 

I riel wag &ablished in 1918 to advise and assist the  AEC in the planning, 
and execution of the Commission's technical information 

on matters of interest to  the National Laboratories and major 

J. BRUNESPART, Chair?nan; Director, Dirision of Technical Infor- 

BpEwEa F. BOARDMAN, Director, Technical Informa tion, Xuclear Energy 

r I _ 4 R E ~ ~ E  T. BROCIW-C Head, Technical Information, Lawrence Radiation 

Dr. T~olfAt3 S. CHAPMAN, Technical Information Office, DOW Chemical Co., 

msaLD H. CULTTR. Af anager, Technical Information, General Electric- 

s, E. DREESZEX, Administrative Aide to Director, Ames Laboratom, Ames, 

~OIKITHY DUPE, Atomic Energy Division, The Babcock 6: Wileox Co., 

D~CGLAS DCPEN, Technical Information Department, Stanford Linear Accel- 

IT. L. HARWELL, Head, Legal and Information Control Departmen% rn ion  

Dr. C. P. Kmaf, Director. Technical Information Division, Oak Ridge National 

XAX K. LIKN, Director, Technical Information and Publications, Sandia 

l k 4 ~  R. ~ N G ,  General Superrisor, Informa tion Serrices, Atomics Inter- 

JOE?; H. ~IARTESS, Director, Technical Publications Deparben t ,  Argonne 

Tf. -4. ~ I I N K ~ R ,  Supemisor, Bettis Technical Information, \Vestinghouse 

Jr;DD C .  SErExZEL,  rn ivers i t r  O f  California. Laboratory of Xuclear axed- 

EEaABD w- O'REAR.  upe err is or, Technical Informa tion Serrice, savannah 

Dmxrs PULESTON. Head, Information Dirision, Brookhaven National Lab- 

$g- I'J 
,pinFv . 
&%* * 
8 ring mntractors. *a 

mation, U S .  Atomic Energy Commission, Washington, D.C. 

Idaho Falls, Idaho. 

paMratory, LiTerrnore. Calif. 

Golden, COlo. 

y ~ f p o ,  Cincinnati. Ohio. 

IOlrn. 

Lynchburg. Va. 

erator Center. Stanford Unirersity, Palo Alto, Calif. 

Carbide Gorp., Oak Ridge, Tenn. 

Laboratory, Oak Ridge, Tenn. 

COW.. Sandia Base. Albuquerque, N. Uex. 

national, Canogn Park, Calif. 

Mional Laboratory, Argonne, 111. 

Electric Corp.. West AIifflin, pa. 

icine. Los Angeles, Calif. 

River Laboratory. *liken. S.C. 

Oratory, Upton, K.Y. 
i I d  
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HELEN Rsn>ras. Librarian, Los Alamos Scientific Laboratory, ~ r ,  
If. Mes. - Q Q r , f  

F&AKK D. SHEARIX. Technical Editor, Monsanto Research .Corps, hIlour 

C. G. STEVENSOX. Manager, Technical Information Operations, Pacific 

Dr. STUART STI-RGES, Manager, Technical Information, Knolls Atomic 

CHARLES D. TABOB, Assistant Nanager, Technical Division, GOodFear 

JOSEPH W. VOTAM-, Assistant to  Technical Director, Sational &ad %, 

Dr. RAYI~OND K. WAKJZRLIKG, Chief, Technical Information Dirision, 

Laboratory, Xiamisburg, Ohio. Jd 

west Laboratory, Richland, Wash. - wij. 

Laboratory. Schenectady. S.T. 

Corp., Piketon, Ohio. h i i p  

Ohio, Cincinnati. Ohio. ot 

a. 
rence Radiation Laboratory, Berkeley. Calif. 

ROBERT L. SHARNOX, Secretarv ; Est. Manager. Division of Technira, 
Information Estension, U. S. Atomic Energy Commission, Oak Ridg 
Tenn. 

The Panel met once in  1966. on January 26-2i. 

Standing Committee for Controlled Thermonuclear Research 

The Commission established on June 21, 1966 a Standing committee for 
trolled Thermonuclear Research. This Committee will review, on a cOntinuiaa 
basis, the AEC's controlled thermonuclear program and Wi l l  provide adrice 
recommendations to the Dirision of Research and the Conlmission relatire to thG 
program. The Committee has been established to ensure closer coowratire edorr 
within the program and to provide guidance on implementing major program drrii: 
sions. Four members of the Commifi,* 
are directors of the controlled thermonuclear research in their respectire 
tories : four members are from the scientific community outside of the AEc and 
its major laboratories. 

The Committee will have nine members. 

Dr. AMASA S. BISHOP. Chairman; Assistant Director for Controlled 
nuclear Research, Division of Research, U.S. Atomic Energy C o m m i ~ i o ~  
Washington, D.C. 

Dr. LEWIS If. BRSNSCOMB, C.S. Kationnl Bureau of Standards, Washingtop 
D.C. 

Dr. SOLOMOR J. BTCHSBATJM, Bell Telephone Laboratories, Murray Hall, S.1 
Dr. WILLIAM A. FOWLER, California Insti tute of Technolom, Pasadena. Calif. 
Dr. MELTIN B. GOTTLIEB, Princeton Plasma Physics Laboratory, Princetor,. 

Dr. ARTHUR H. SSELI,. Oak Ridge Kational Laboratory. Oak Ridge, TPMI 
Dr. RICHARD F. TASCHEK, Los Alamos Scientific Laboratory. Los &uuaa 

Dr. CHESTER TAR' ATTA. Lawrence Radiation Laboratory. Livermore. Calif 
Dr. HAROLD W. LEWIS. University of California a t  Santa Barbara, S a m  

K. J. 

N. ales. 

Barbara, Calif. 
The Committee met on August 5-6, September '7-8 and Sorember 6-7. 
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APPENDIX 3 

MAJOR AEC-OWNED, CONTRACTOR-OPERATED 
INSTALLATIONS* 

TORY (Iowa State University of Science and Technology, contractor), 
@€S @BoilA 

*@s, Ioffa 
_ C _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. FRANC H. SPEDDING ,L+.or----- 

1 upt. 
,b*' 

TDirector ____________________________  Dr. XORTOX' SMUTZ 
iilte Director----- -___-__-______________ Dr. H. A. WILHEIM 
ot Director _--- ---_-- ------_-_-_--__-_ Dr. ADOLPH E". VOIQT 

N N ~  NATIONAL LABORATORY (University of Chicago and Argonse Universities '@ iation, contractors), Argonne, IIL 
fiw-tor ___,____----- ------ ------___-_____ Dr. ALBEET V. CWE** 

iate Director------- _--_-_-_-_________,_ Dr. STEPHEN LAWBOSKI s - d  .LwKiate Director----------------------- Dr. ~lmsTon 31. 3f AXIFINQ 
=*iate Director __-_-________________,----_ Dr. ROREBT G. SACHS .I A,iaant Director----,----------- -__________ Dr. RICHARD 31. ADAM6 

w 

University of Chicago 
president _____--_--_____________________ Dr. GEORGE IT. BE~DLE 
\-ice President, Special Projects ___________  W. B. HARREU 
Argonne Universities Association 
Chairman, Board of Trustees _-________-__ Dr. FRED BARRIYGTOX 
president -__--__-_-_____-_______________ Dr. PHILIP S. POWERE 

The 26 member institutions of the Argonne 'C'niversities Association are : 
Cnirersity of Arizona Xarquette University 
Caruegie Institute of Technology 
case Institute of Technology 
The University of Chicago 
r-nirersity of Cincinnati 
Illiiiois Institute of Technology 
Kniversity of Illinois 
Indiana University Ohio State University 
Iowa State University Purdue University 
State UniversitF of Iowa St. Louis Cniversity 
Kansas State University Washington Unirersity 
rnirersitp of Kansas Wa,me State University 
Loyola University University of Wisconsin 

Michigan State Cniversity 
The University of ,Michigan 
University of Minnesota 
University of Missouri 
Sorthwestern University 
UniTersity of Sotre Dame 

IEfllS ATOMIC POWER LABORATORY (Westinghouse Electric Corp., contractor), 

h r a l  Manager ____-_______________________ N. A. BELDECOS 

'Onb installations where the AECs investment in plant and equipment exceeds $25 
mion are listed. Other research and development lnstallations are listed ln the Appendix 

the supplementary report, "Fundamental Xuclear Energy Research-1986." 
D*. erewe resigned on December 6, 1966, but continues to serve a8 the director until 

~ ~ C C E S S o r  is named. 

Pittsburgh. Pa. 

** 
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Associated Universities, Inc. 
Chairman, Board of Trustees-,----------- DR. ERR'EST F.  JOHN^,,^ 
President __________________________ ----- DE. T. KEITH G L I C N N ~ ~  

Columbia University Princeton University 
Cornell Universim University of Pennsylvania 
Harvard University University of Rochester 
The Johns Hopkins University 
Massachusetts Institute of Tech- 

The participating institutions in Associated Unirersities, Inca, are : 

Tale Universits 

nology 
BURLINGTON AEC PLANT (Jlason & Hanger-Silas IfaSOn GO., Inc., contra 

Burlingto% Iowa 
Contract Manager (Vice President) __________- R. B. JEWELL 
Plant Manager ___________________-__________ D. E. HEFFELBOWEB 
Program Planning Manager ____c_____________ A. S. PETER, Jr. 
Administrative Assistant ______________-____ B. W. CSLYIT 

FEED MATERIALS PRODUCTION CENTER (KatiOnal Lead a. Of Ohio, contractclri 

Vice President ______________________________. GEORGE WUNDER 
Manager ____________________________________ JAJZES H. N O P E ~  
Assistant Manager ___-_______________________ N. S. NELSON 

Fernald, Ohio 

HANFORD FACILITIES f fire contractors), Richland. Wash. 
Douglas United N udear, Inc. , Richland, Wash. 
General Manager ________________________  C. D. HARBINGTON 
Deputy General Manager _-----____--____. R A n r o s  TIr. HALLEX, Jr. 
Assistant General Manager for Operation- 0. C. ScHBoEDER 
Assistant General Nanager for Finance and 

General Electric Co., Hanford Atomic Products Department, Richland, F a &  
General Manager _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _  R. L. DICIiEJfAN 

Isochem Inc., Richland. Wash. 
President ______________________________  J. ?;. JI-DY 
Pice President, Plant Operations _ _ _ _ _ _ _ _ _  P. E. REED 
Vice President. Business Management---- H. D. GILBERT 
Vice President, Marketing _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. T. O'SLTUVAX 
Pacific Northwesf Laboratory (Battelle Memorial Institute, Columbus, Ohio, em- 

Director _______________________________  nr. S. I,. FAWCETT 
Associate Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. F. W. ALBAUGH 
Associate Director _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  nr. R. S. PAUL 
Staff Manager, Finance Dept _ _ _ _ _ _ _ _ _ _ _ _  K. SALE 
Staff Manager, Legal Dept. (includes con- P. T. SASTILLI 

United States Testing Co., Inc., Richland, W a . a  
General Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  D. B. TTILCOS 
Manager, Dosimetry Services _ _ _ _ _ _ _ _ - _ _ _  R. L. PIERCE 

Administration _________-_-____________ S. KOEPCKE 

tractor), Richland. TTash. 

tracts), 

5 3 1 3 1 2 1  

General MR11: 

E. 0. LAWREN( 
Berkeley 

Director ---- 
Associate Dil 

LnbratorS 
Associate Dirt 

oratory---- 
Business Mal 
10s ALAMOS 

alamos, N. I 
Director ---. 
Technical Ass 
Assistant Dir 
Assistant Dirc 
MOUND LABOR/ 
Project Direc 

search Corp 
Plant Manage] 

search G r p .  
Director, Pro< 
Director, Deve 
Director, Rese 
NATIONAL R E M  

Laboratory, 
Westinghoup 

Argonne Na 
ssities As 

Director 
Asswia te 
General €/e 

Man a ger 
General Elel. 

Operatio 

Idaho F: 
nfanager . 

Genera/ At0 

EBOR Sit, 
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tnia 

r, Jr. 

hland, Wash. 

LS. Ohio, con- 

MOUND LABORATORY (Rhnsaluto Research Corp., contractor), Niamisbnrg, Ohio 
project Director (President, Monsanto Re- 

search Gorp.) .................... __-______ H. IC. SABON 
plant Manager (Vice President, Monsanto Re- 

search COW.) --- -----_-___-_______________ DAVID L. SCOTT 
Director, Production---- ---- - -__--_-________ JOHN E. BRADLEY 
Director, Development--- --_--_______________ LLOYD B. GNAGEY 
Direcbor, Research--- -----____-_____________ G. RICHARD GROVE 

NATIONAL REACTOR TESTING STATION (NRTSI (Six mtractors-&-gome n'atiORa1 
Laboratory, General Electric, General Atomic, Idaho Nuclear, Phillips, and 
Restinghouse) Idaho FaIls, Idaho 

Argonne National Laboratory (the University of Chicago and Argonne Univer- 

Director ______________________________ M. NOVICE 
Associate Director -_-__________-______-_ F. W. T H A L ~ ~ ~  
General Electric Co. (Idaho Test Station, Nuclear Mabrials and Propulsion 

Xanager ______________________________  Dr. J. W. MORJ?ITT 
General Electric Co. (Knolls Atumic Power Laboratory, S5G Test Plant Site), 

h n a g e r  _________________-_-__________ R. S. ZENO 
General Atomic Division, General Dynamics Corp., Idaho Falls . 
EBOR Site Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  GEORGE E. KKDD 

sities Assn., contractors), the Idaho Division, Idaho Falls 

Operation, Atomic Prcduata Division), Idaho Falls 

Idaho Falls 
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ldaho Nuclear Corp., Idaho Falls (jointly owned subsidiaq of Aerojet G~~~~~~ 

President and Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. C. H. TRENT 
Vice President and Deputy Manager---_-- F. H. QSDERSOX 

Nanager, Operations Dirision _ _ _ _ _ _ _ _ _ _ _ _  F. €3. AXDER6ox (acting) 
Manager, Kuclear and Chemical Technol- 

ogy Dir ______________________________  D. R. DEBOISBLAXC 
Uanager, Engineering Dir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L. J. WEBER 
Nanager, Administration Div _ _ _ _ _ _ _ _ _ _ _ _  R. TRIPP 

Corp. and Allied Chemical Corp.) 

Phillips Petroleum Co., Atomic Energy Dirision, Idaho Falls 
Manager ______________________________  J. P. LPOS 
Assistant Division Manager, Technical---_ W. E. SYER 
Assistant Division Manager, Administra- 

tion ________________________________  L. L. LEEDY 

Westinghouse Hectric Corp., Idaho Falls 
Manager, Naval Reactors Facility _ _ _ _ _ _ _ _  R. C. MAIRSON 

NEVADA TEST SITE (Reynolds Electrical & Engineering Co., Inc., contractor) 

General Manager ___________________________ J. R. CROCKETT 
Deputy General Manager . . . . . . . . . . . . . . . . . . . .  R. W. KIEHXV 
Administration Division . . . . . . . . . . . . . . . . . . . . .  R. E. GILLETT 
Program Control Division _______c_____-_____ W. A. STEVEKS 
Operations Division __________-______________  R. D. CUXWINGHAM 
Site Facilities Division _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. A. SMITH 

Mercury, Nev. ? 

NUCLEAR ROCKET DEVELOPMENT STATION ( L O S  A l t L m O S  scientific Laboratory, Pan 
American World Airways, Inc., Westinghouse Electric Cow., contractors), 
Jackass Flats, Nev. 

OAK RIDGE RESEARCH AND DEVELOPMENT AND PRODUCTION FACILITIES (Enion Carbide 

General Manager (President, Union Carbide 
i Corp., contractor), Oak Ridge, TenL, and Paducah, Hy. 

Kuclear Dir.) ____________________________  Dr. C. E. LARSON 
Oak Ridge Production facilities 

Manager of Production (Vice President, 

Superintendent, T-12 Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _  R. F. HIBBB 
Superintendent, Oak Ridge Gaseous 

Superintendent, Paducah Gaseous 

Union Carbide Xuclear Division),,,-,, CLaBg E. C m m  

Diffusion Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBEET G. JORDAN 

Diffusion Plant _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBERT A. WIXKEL 

t Oak Ridge National Laboratory 
Director (Vice President, Union Carbide 

Nuclear Dirision) _________c__-___ __ Dr. hm M. WEINBEBQ 
Deputy Director ________________________ Dr. H. G. MACPHEB~ON 

PANTEX PLANT (;\Ia,wn & Hanger-Silas Nason Co., Inc, contractor) Amarillo, Tex. 
Contract Manager (Vice President) _ _ _ _ _ _ _ _ _ _  R. B. JEWELL 
Plant Manager _____________________________  JOHX C. DR~XIIMOXD 
Chief Engineer __-__________________________ M ~ I O N  L. OTT 
Production Manager _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ROBERT B. CARROLL 
! -. I p- 
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T s ~ ~ u T H  GASEOUS DIFFUSION PLANT (Goodyear Atomic Corp., contractor), POR 

pifieton, Ohio 
Manager ........................... C. H. REPXOLDS 

L)CP 
 ROCK^ FLATS PLANT (Dow Chemical Go., contractor), Rocky Flats, Coio. 

rPU 
Gpl,eral Serrices hiaUager - - --- - -- - - - -- _- - -- - ROBERT R. HARRISON 
Director of Research and Development --_---_- LORXE a. AiATHESON 
Director of Technical Services ---_---___-____ EDWARD J. W a x 0  

I A ~ ~ l A  LABORATORY (Sandia Gorp.. contrautor), facilities $ m u  BW, 

,,tP General Manager -------- -----_---__ C. R. MILOSE 

,gal Manager ----------------- --------__ Dr. LLOYD A i .  JOSHEL 

gbuquerque, N. Mex. ; Livermore, Calif. ; and Tonopah, Nev. 

president .................... -----_-___ W. J. HOWARD 
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his tan t  General Manager ---------_-_______ J. C. O'HABA 
Director, Engineering -----___--__-_--_______ W. T, GEPEB 
Director, Applied Research and Development-- C. R G m  

- -- -- ---- -- ----- -- - ---- - - - - - - _ _  _ _  - J. 4. HORRBECP 

&ken, S.C. 

Dept-------------------------------------- w, P. BEBBINGTON 

N. Mex. 

. 



I I - I  

413 



414 

f 

501012b 

APPENDIX 4 

L.. 
rr: 
bl 
\ 



CENTRAL STATION NUCLEAR POWERPLfiTS 415 

* 
c3 
N 
\ 

CD 
In 
N 
1 

e: 
0 4  
EW - ._ 

nn 
d P  
w v  

nh z c  u w  

u 

c s 
c 
Y c w 

.= 
E c 
e, 

+- 



416 APPENDIX 4 

! 

I 

I I I 

I I 

I I 
00 
m 
N 
\ 

I I " I  

I I I 

U 

CE 



CENTRAL STATION h'UCLEAR POWERPLA~TS 
3 

if 

417 



418 APPENDIX 4 

e- m" 
w v  

nn 
d Q  
v w  

nh  a3p 
w v  

" 

3 w  
wc3 

0 
b 



CENTRAL STATIOK NUCLEAR POWERPLANTS 419 

I 

0 
M 
b( 

0 
m 



, 

420 APPEh-DIS 4 



* m 

E G  
E 8  
0 -- 

CENTRAL STATIOK hTJCLEAR P O W E R P U T S  421 

0 
e4 
d( 



422 

z 
3 
E 
E 
0 
U 

.I c 

I 

Ul 
c=, 

0 - 
W 
t 

APPENDIX' 4 

1 I I 

7 
i 



CEhTTRAL STATION NUCLEAR POWERPLANTS 423 

i 

nh 
d P  
w w  

nn 
6 3  
w w  

0 
0 
b 

M 
W 
W i 



- 
W 
T 

* 424 APPENDIX 4 



425 

c3 
W 
M 
7-4 

i= 
nn s a  
w.w 



. 426 APPENDIX 4 

3 
J 



c 

CENTRAL STATION NUCLEAR POWERPLANTS 

-? 
t: 
c 

0 
Y 

427 

CD 
W 
3j- 



428 APPEXDIS 4 

! 

! 
. .  

I I 

0 
C 
00 

I i 

-- 



429 CEh'TRAL STATIOX KUCLEAR POR'ERPLAXTS 

nn 
2s 
v v  

0 C 
c3 e 
0 tb 



430 APPENDIX 4 

. 

Nuclear Facilitit 

mendmen 
pa& a, "Lic 

Litem 
a p t e d  from 
@gwtive Octc 
to Part 2. ' 

~iegula tory I 
torr hearing 
tjnn of rest 
licensing pro 
jurisdiction c 

Irview of Initii 

On 3farch 
tire April 11 
initial decisi 
appeals as o! 

Srrvice of P a p  

On March 
tire April 14 
of a party . 
mented P.L. 

Lobding of Co 

An amendl 
Published AI 
tainers of lit 
k e n d .  The 
r)rw-ide suffii~ 
in the 'ricinj 
Wsures to r; 



APPENDIX 5 

RULES AND REGULATIONS 

A ~ ~ ’ s  regulations are contained in Title 10, Chapter I of the Code of 
Effective and proposed regulations concerning licensed 

Edrities and published in the Federal Register during 1966, are set forth below. 
L@ 

The Regulations. 

REGULATIONS AND AMENDMENTS PUT INTO EFFECT 

I Fac;ljties-Pds 2,50, 55, a n d  I 15 
fidM 

mendments to Parts 2, 50, 53, and 115 (Part 2, concerns “Rules of Practice”; 
& j O ,  4‘ L icensing of Production and Utilization Facilities” ; Part 55, “Oper- 
Itobi Ucenses’’; Part 115, “PrWedUreS for Review of Certain Reactors Ex- 
@@ from Licensing Requirements”) were published September 30, 1966, 
dHtive October 30,1966, .and included a Statement of General Policy appended 
ta part 3. The Changes implemented several major recommendations of the 
w)atom Review Panel, appointed in 1965, relating to the conduct of manda- 

bearings in nuclear facility licensing cases. They also included liberaliza- 
tion of restrictions on intra-agency communications in uncontested initial 

proceedings and an amendment to the section respecting termination of 
fofidiction of presiding officers. 

t,,hw of Initial Decisions-Parts 2, 50, a n d  1 IS 

OD March 12, 1966, amendments to Parts 2, 50, and 115 were published, effec- 
tire April 11, 1966, which eliminated the procedure for Commission review of 
initial decisions by the filing of petitions for review, and substituted therefor 
appeRlS as of right by the filing of exceptions by the parties. 

h i r e  of Papers Upon Attorney-Part 2 

on March 15, 1966, the Commission published an amendment to Part 2, effec- 
tire April 14, 1966, which made mandatory service of papers upon the attorney 
of B party to Commission adjudicatory proceedings. The amendment imple- 
Dented P.L. 89-332. 

W i n g  of Centainers-Part 20 

An amendment of Part 20 (“Standards for Protection Against Radiation”) was 
published August 5, 1966, effective Kovember 3, 1966, which requires that con- 
hiners of licensed material be labeled with the radiation caution symbol and 
k m d .  The label will identify the radioactive material in the container and 
PWde sufficient information to permit individuals using, handling, or working 

the ricinity of the container to take precautions to avoid or minimize es- 
fio-sUreS to radiation or to radioactive materials. 

43 1 
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Exemption of Tritium Contained in Certain Item-Ports 30 and 32 

Amendments to Parts 30 (“Rules of General Applicability to Licensing of If, 
product Material”) and 32 (“Specific Licenses to alanufacture, DistriLUt, 
Import Exempted and Generally Licensed Items Containing Brproduct nt 
terial”) were published April 2, 1966, and became effectire Map 3, lQfiG. !% 
Part 30 amendments exempt from the requirements of Parts 20 and 
the AEC’s regulations the following items : ( a )  automobile shift quadrants ‘r: 
taining not more than 25 millicuries of tritium : ( 6 )  marine compasses 
ing not more than 750 millicuries of tritium ; and ( C )  thermostat dials 

The Commission deferred action on an amendment which would hare 

Certain provisions of Part 32 which contain criteria for the issuance 
Of %. 
PWng cific licenses to manufacture or import the exempted items and certain re 

and quality control requirements applicable t o  holders of such Specific lieear*, 
were also amended. 

TtC 

pointers containing not more than 25 millicuries of tritium per thermostnt. Q! 

empted radio dials and pointers containing tritium. Q. 

Exemption of Tritium Coniained in Glow Lamps 

h amendment of Part 30 was published on Koredwr  8, 1966, effectire T)R 
cember 8, 1966, which esempted from licensing requirements glow lam 
taining not more than 10 microcuries of tritium per lamp. 
amended to except such glow lamps from certain quality control requirements 

PR cell, 
part 32 pas 

Exports to Southern Rhodesia4ar ts  36 and 40 

Amendments to  Part 36 (“Esport and Import of Byproduct Materialf*) 
published June 14, 1966, effective immediately, which restricted the gaen! 
licenses of sections 36.21y 36.22, and 36.23 for exports to Southern RhodMia 
byproduct material contained in medicinals or pharmaceuticals only. 
era1 license for export of source material to Southern Rhodesia in section 40.23 
Part 40 (“Licensing of Source Material”) was revoked. 

The 

Exports and Imports Clarificafion-Parts 36 and 40 

Amendments to clarify Parts 36 and 40 had been published December 10,- 
effective January 9, 1966, They permit exports of b,vproduct material under & 
general licenses of Part  36 if the exporter is licensed by either the AEC or ~tp 

agreement State to possess the material. General licenses for import of h t b  
byproduct and source material are also provided for importers licensed to posses 
the material by an agreement State specific or general license. 

Pockaging of Radioactive Material for Transport-Port 71 

9 revision of Part 71 was published July 22,1966, and became effective AuW 
21, 1966. The rule contains: ( a )  packaging standards and procedures for thp 
shipment of both irradiated and unirradiated fissile materials; and ( b )  Pd- 
aging standards and procedures for the shipment of “large quantities” Of 
censed materials. 

Designation of Applicants-Part I 15 

On September 21, 1966, a n  amendment was published to Part 115, effectj- 
October 21, 1%. The revision provides for the participation in Part 115 P* 
ceedings, of the appropriate AEC division or operations office and the Utiug 
which will eventually operate the  reactor, as applicants at the constructiE 
authorization stage, along with the prime contractor for construction. At * 

J a n u a v  7, 196 
termination that thc 
d tns t ruc t ion  and c 
jm making .a statuto 
ficientlg developed to 
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\fa terial” ) bere 
ted the general 
Jrn Rhodesia to 
only. The gm- 
section 40.23 of 

ember 10,1%, 
erial under tbu 
the BEG or an 
import of both 
nsed to possess 

eective August 
tdures for the 
.nd ( b )  pack- 
ntities” of l i -  

115. effectire 
Part 115 p r e  
d the utili:? 
construction 
tion. At  the 

authorization stage, participation by the AEC division or operations ,*,rtltins 
1’ nodd be discretionary with the Commission. 
,dl@ 

Insurance Increased-Part 140 
pi@ 

imendments to Part 140 ( “Financial Protection Requirements and Indemnitg 
Dents”) were published Norember 30, 1965, effective January 1, 1966% 

J’fre require holders of licenses for facilities with a capacity of 100 Mwe o r  ,, ilicb to have $74 million of nuclear energy liability insurance rather than $6Q 
.&lP 
gillion. (The amount available was increased as  of January 1, 1 W . )  The 

,Ddments also made a corresponding reduction in the amount of indemnity 
”viable from the AEC, as required by P.L. 89-BO. 
g m  

;s,ell~neous Amendments c 
\fiecellanWuS amendments to Parts 20, 40, 50, .55, 70, 100, 115, 140, and 150 

fR,+dn to  the addressing of communications, requests, reports, and applications 
the AEC and correct certain cross references in the regulations. The amend- gith 

yisellaneous amendments to Parts 9, 20, 32, 40, 50, and 150 correct certain 
and specific references in the regulations to sections of the Atomic E n e r a  

of 1954 which have been changed by amendments, and make &nor editorial ’’ e% The amendments were published December 2, 1966, and k a m e  &w- 
de on publication. 

ts were published ?\larch 19, 1966, and became effective on publication. 
@en 

Finding of Practical Value 

on January 7, 19% the Commission published in the Federal Register, a de- 
tednation that there has not yet been suf€icient demonstration of the cost 

and operation of light water, nuclear electric plants to warrant 
making a S t a t U t O P  finding that any types of such facilities have been guf- 

Bciently developed to be of practical value within the meaning of section 102 op 
&Atomic Energy Act of 1954, as amended. Subsequently, on December 23, 
I*, the Commission announced its denia1,of a new petition for a  ding of 
pctical value which had been filed by coal interests on October 18, 1966. The 
Cmmission held that the second petition’s arguments were, to a large e-nt, 

mme as those stated in the first (May 14, 1964) petition and that  the Corn- 
&ion’s original findings for  denial were still valid. 

PROPOSED REGULATIONS AND AMENDMENTS 

fmnption of Tritium in Murine Navigational A i d e a r t  30 

A proposed amendment of Part 30 t o  exempt from licensing requirements the 
peession and use of marine navigational instruments containing not more than 
3 millicuries of tritium gas, was published on September 14, 1M6, for a 60- 
W comment period. The proposed change also would require the tritium con- 
tent of presently exempted marine compasses to be in the form of gas. 

b p f i o n  of Scandium 46 in Synthetic Plastic Resin-Purts 30 and 32 

f”r01NSed amendments to Parts 30 and 32 (Specific Licenses to Manufacture, 
kribute,  or I m p &  Exempted and Generally Licensed Items Containing By- 
:“LwfuCt lfaterial) to exempt from license Use of scandium 46 in synthetic plastic 
bins designed for  consolidating loose sand in oil wells and to establish specific 
‘ q ~ S k #  requirements for  manufacture or import of the resin for distribution 

the exemption were published on December 14, 1966, for a 30-day com- 

d a l . ~ ‘  
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Medical Licenses o f  Broad S c o p d a r t  35 

On h’ovember 5, 1966, a proposed amendment of Part 35 (‘‘a 
Byproduct Material“) was published for  a W d a y  comment period, 
permit the AEC to issue licenses for medical use Of byproduct material 
radioisotopes and uses additional to  those requested by the applicant 

m a n  t8$ 
” ‘ %  Row W p q  

It 

% 

Expiration of L i c e n s e d a r t  40 f 

On December 22,1966, the Commission published for  a 30-day cOmme 
proposed amendment to Part 40 (Licensing of Source Material) to eliminate nt Wriq ~ 

restriction of the terms of source material licenses to 3 years. If the 0 
amendment is adopted the Commission intends to issue source, byprodue? 
special nuclear material licenses for  terms of fire years except in cases ffh Q 
nature of the applicant’s proposed activities indicates the need for el-e the 

shc,ne, 
license period. 

Technical Specifications a n d  S a f e t y  Analysis RePor t*p~ t  50 

Proposed amendments to Part 50 (‘‘Lhmbg Of Production and Ut%ti* 
Facilities”) were published August 16, 1966, for a Beday comment period ~ 

interim guidance. The proposed changes would ( a )  establish a revised 
technical specifications which focuses attention on items more directly 
to public safety (6) provide for systematic documentation of the technical apG 
operational bases for specifications, and ( C )  Provide guidance on c o n k t  8i 
preliminary safety analysis reports and safety analysis reports required of 
cants for facility construction permits and operating licenses. 

- 
Discontinuance o f  Procedures f o r  Allocating a n d  Distributing Special Nuclear Mat,r#L 
Parts 50 and  70 

On November 24,1966, the Commission published for a 6 0 - d ~  comment p p ~  
proposed amendments of Parts 50 and 70 to discontinue PrOCedureS for aUocatja 
and distribution of special nuclear material Cto nuclear reactor licensees 
special nuclear material licensees. 

Safeguards  f o r  Special Nuclear Material-Part 70 

On May 27, 1966, proposed amendments to Part 70 (“Special X’udet. 
Material”) were published for a Wday comment period. The revisions aopte 
require certain holders of special nuclear material licenses to establish w 
maintain written procedures to accoun,t for speci’al nuclear material in W 
possession, to keep records showing the location and movement of such materka 
and to perform physical inrentories of the material, Applicants for such Lime 
would be required to submit a description of control and inventory systems@ 
part of the application. 

Reports on Special Nuclear Material-Parts 70 a n d  150 

On March 29, 1966, the Commission published for a 60-day comment fl 
proposed amendments of Parts 70 and 150 (“Exemptions and Con- 
Regulatory Authority in Agreement States Under Section 274”) to require - 
fer and status reports for all privately owned special nuclear material, 
of origin, possessed br either AEC licensees or agreement State licenses 

SI 
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mmment perfa 
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%terial in their 
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04 Wstems &d 

omment period 
Lnd Continued 
) require tma-c 
rial, regnrdlt- 
Licensees. 

SUMMARY OF LICENSING ACTIONS 

,/- 
Facilities I 

..- 
operating authorizations- - - - - - _ - - - , - - 

authorization amendments, - 

Sept. 1, 1954, 
through 

Nov. 30,196E 

22 

33 
13 

392 

5 
1 
8 

62 

5 

6 
4 

57 

92 

88 

98 
528 
27 

50 
3 

' 8  
6 1  
84 

26 

15 
24 
127 

2 

7 
1 

Nov. 30, 1865 
through 

Nov. 30,1966 

5 

2 
1 

82 

0 
0 
1 

- 9  

0 

1 
0 
5 

3 

8 

5 
73 

2 

3 
0 
0 
0 
5 

2 

1 
1 

15 

0 

2 
1 

~ --- 

Permits and 
licenses in 
effect as of 

Nov. 30,1966 

, 10 
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Facility operators 

Operator licenses (including senior) _ _  - - - - - - - 
Operator license amendments and re- 

newals-----_--_------------------- 
Operator license denials- _-____ _ _ _ _ _  -_- 

MATERIALS 

Special nuclear material licenses ----_- - -_ --_ 
SNM license amendments and renewals- 
SNM license denials ___-------  - ------- 

Source material licenses issued or renewed,-- 
Source material export licenses _ _ _ _  - - - - - 
Source material license denials- - - - -- - - - 

Byproduct material licenses (domestic use) - - 
Byproduct material license amendments,,, - 

Gept. 1,1954, 
through 

Nov. 30,1966 

2,820 

1, S32 
388 

972 
2, 893 

8 
9,522 
5, 256 

12 
21,294 
50,550 

~ 

NOV. 30,1965 
through 

Nov. 30,196f 

313 

412 
99 

54 
380 

1 
110 
120 

0 
975 

6,514 - 
J Applicatbns to oonstruct and operate are fUed simnltaneously; conversions from construction pesmfh 

4 Permits authorize construction of 10 reactors. 
* Export licenses terminate upon completion of shipment. 
4 Two power reactors exported under a single license, July 17.1964. 
5 A power reactor and a critical facility exported under a single license, Mar. 16,1962. 
* Prior to Feb. 10,1955, procurement authorizations were issued.. 

t o  licenses to operate are made upon satisfactory completion of construction. 

From July 1956 through Nov. 30,1966. 

- 
footnotes at  end c 



584 
-------- -- 
---------- 

- 439 
(9 

------ ---- 
8,431 

- ----- - --* - 
ruction pearnib 

-i APPENDIX 7 

INTERNATIONAL COOPERATION 
TABLE 1 .-INTERNATIONAL AGREEMENTS 

Bilaieral Agreements for Cooperation in L e  Civil Uses of Atomic Energy 

c 
Effective date Termination date 

July 27, 1969 
May 27,1967 
Jan. 24, 1970 
Aug. 2, 1975 
July 13,1980 
July 17,1974 
Mar. 28,1967 
Sept. 7,1968 

Aug. 6,1967 
July 31,1967 
Aug. 3,1974 
Oct. 24, 1993 
Oct. 30,1970 
Apr. 26,1964 
July 8,1968 
Apr. 11,1975 
Apr. 14,1978 
Dec. 4,1968 
Feb. 2,1976 
Aug. 7,1967 
June 9,1967 
June 26, 1968 
July 26,1968 
July 20,1969 
Aug. 21,1967 
Mar. 31, 1988 
3ept. 14,1996 
Aug. 7,1996 
Mar. 12,1975 
lune 9,1971 
luly 20, 1976 
July 14,1976 
Feb. 8,1970 
June 20,1974 

Nov. 18,1968 

437 
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Agreements for Cooperation With International Organizations 

Organization Scope 

European Atomic Energy Joint Nuclear Power 

Euratom- - - - - - - - - - - - - - - - - Additional Agreement t o  
Joint Nuclear Power 
Program. 

Supply of materials, etc - - 

Community (Euratom). Program. 

International Atomic 
Energy Agency (IAEA). 

Effective 
date 

21' 18/59 

7/25/60 

8/ 7/59 

- 

I 

Trilateral Safeguards Agreements 

I Participants 
- 

Scope 

31 1/66 

I 

Agreements for Cooperation for Mutual Defense Purposes E. 

Participant Effective dste 

1 Provisionally in force. 
2 Extending amendment signed but not yet in force. 
a Notes were exchanged on 12/3/66 extending this agreement through 1968. 
4 Effective date to  be established. 
8 Except for Agreement with France of July 20, 1959, all these Agreements provide for exchange O* 

fied information as provided for in Section 144b of the Atomic Energy Act. 
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TABLE 2.-LIST OF U.S. PORTS CLEARED 

439 

,,,p,nnt to the requirement of Title 46 Part 146 of CFR, and the Dangerous 
L4ct 46 USC 170, the following U.S. ports ha re  met Coast Guard require- 

~lJrFo for the acceptance of ''spent" (radioactive) fuel elements, as of t h e  datas 
apntte 

Port 
Date of letter of clearance 

from U.S. Coast Guard 
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TECHNICAL INFORMATION 

r A ~ ~ ~  1 .-SPECIALIZED INFORMATION AND DATA CENTERS SUPPORTED BY AEC* 

btomiC and Molecular 
* pocesse~ Information 

Center. 
Charged Particle Cross 

Section Information 
Center. 

~ & 3  Center. 
Computer Index Neutron 

Criticality Data Center--- 

Fused Salts Information 
Center. 

GDma-Ray Spectrum ' 

Catalogue. 
Information Center for 

Internal Exposure. 
Information Integration 

Group. 
Isotopes Information 
Center. 

LBboratory Animal Infor- 
mation Center. 

Liquid Metals Information 
Center. 

Sations1 Oceanographic 
Data Center. 

hclear Data Project- - - -. 

Xuclear Desalination In- 
formation Center. 

Suclear Safety Informa- 
tion Center. 

padiation Chemistry Data 
Center. 
See footnote at end of table. 

Location 

Oak Ridge National 

Argonne National Labe 

Oak Ridge National Lab- 

Laboratory. 

ratory. 

oratory. 

Oak Ridge National Lab- 
oratory. 

AEC Division of Tech- 
nical Information Ex- 
tension. 

Oak Ridge National Lab- 
ora tory. 

Sandia Corp _ _ _ _ _ _ - _ _ _ _ _  

National Reactor Testing 

Oak Ridge National Lab- 

Lawrence Radiation Lab- 

Oak Ridge National Lab- 

Argonne National L a b e  

Atomics International,--. 

Station. 

oratory. 

ora tory. 

oratory. 

ratory. 

U.S. Naval Oceano- 

Oak Ridge National Lab- 

Oak Ridge National Lab- 

Oak Ridge National Lab- 

University of Notre 

graphic Office 

oratory. 

oratory. 

oratory . 
Dame. 

Address 

Oak Ridge, Tenn. 

Argonne, Ill. 60440 
37830. 

Oak Ridge, Tenn. 
37830 

Oak Ridge, Tenn. 
37830 

Oak Ridge, Tenn. 
37830 

Oak Ridge, Tenn. 

Albuquerque, N. Mex. 

Idaho Falls, Idaho 

Oak Ridge, Tenn. 

Livermore, Calif. 94551 

37830 

87115 

83401 

37830 

Oak Ridge, Tenn. 

Argonne, Ill. 60440 
37830 

Canoga Park, Calif. 

Washington, D.C. 

Oak Ridge, Tenn. 

Oak Ridge, Tenn. 

Oak Ridge, Tenn. 

Norte Dame, Ind. 

91304. 

20309 

37830 

37830 

37830 

46556 

443 
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TABLE 1 .-SPECIALIZED INFORMATION AND DATA CENTERS SUPPORTED BY AEC-C~,,,~,, 
*d 

Address Name of Center 

Radiation Effects Infor- 

Radiation Shielding Infor- 

Rare-Earth Information 

Reactor Physics Constants 

Research Materials Infor- 

Scientific Systems Infor- 

Sigma Center r _ _ _ _ _ _ _ _ _ _ _  

mation Center. 

mation Center. 

Center. 

Center. 

mation Center. 

mation Group. 

Thermodynamic Propertiee 
of Metals and Alloys. 

Location 

Battelle Memorial 

Oak Ridge National 

Ames Laboratory _ _ _ _  - - - - 

Institute. 

Laboratory. 

Argonne National Labor- 

Oak Ridge National 

Lawrence Radiation 

Brookhaven National 

Lawrence Radiation 

atory. 

Laboratory. 

Laboratory. 

Laboratory. 

Laboratory. 

Oak Ridge, Tern. 37830 

Livermore, Calif. 94551 

Upton, N.Y. 11973 

Berkeley, Calif. 94720 

‘Further detail as to the subject scope covered and services provided by each center and the 
lor whom services are available is provided in a “Directory of USAEC Specialized Information and D~~ 

Centers,” available free from the USAEC, P.O. Box 62, Oak Ridge, Tenn. 37830. 

! 
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TECHNICAL INFORMATION 

TABLE 2.-AEC DEPOSITORY LIBRARIES 

445 

Collections of AEC reports are maintained in the libraries of the organiza- 
tiODs listed below. Facilities for  making photocopies are arailable. In  the 

libraries listed, the AEC also makes available those atomic energy reports t‘S. 
of 

,@er countries which are abstracted in “Nuclear Science Abstracts.” 

Libraries in the United States 

jTIflAMA 
Auburn, Auburn Cniversity 

.&ASKA 
College, University of Alaska 

* TUCSOn, University of Arizona 
@ZOSA 

@KANSAS 
Fayetterille, University of Arkansas 

Berkeley, University of California 
Davis, University of California 
MS Angel- University of Cali- 

Sari Diego, Public Library 
Sanford, Stanford Cnirersity 

Boulder. University of Colorado 

CAb~FORXIA 

fornia 

rOM)RADO 

KAXSAS 
Manhattan, Kansas State Univer- 

si ty 
HESTUCKY 
. Lexington, University of Kentucky 

Louisville, University of Louisville 
LOITISIASA 

Baton Rouge, Louisiana State Uni- 

Xew Orleans, Tulane Cniversitp 

Baltimore, Johns Hopkins Univer- 

College Park,  University of Mary- 

versity 

MARTLASD 

si ty  

’ land 
MBSSACHUSGIPTS 

Denrer, Public Library 

Sea Haven, Tale University 

Sera&, University of Delaware 

rashington, Library of Congress 

Coral Gables, University of Miami 
Gainesvilk, University of Florida 
Tallahassee, The Florida State Uni- 

Cambridge, Har ra rd  University 
COSSECTICIT Cambridge, Massachusetts Institute 

PELATARE MICHIGAX 

DISTRICT O F  COLGUBIA 

FLORIDA versi ty 

of Technology 

Ann Arbor, University of Michigan 
Detroit, Pablic Library 
East Lansing, Michigan State Uni- 

MINNESOTA 
Minneapolis, University of Minne- 

. sota 
AI IS SI s SIPPI 

Gniversity 

rersi t y 
CEXIRGIA 

nology 

State College, Mississippi State Atlanta, Georgia Institute of Tech- 

HAYAII MISSOURI 
Honolulu, University of Hawaii 

IDAHO Rolla, University of Missouri 
Pocatello, Idaho State University School of Mines and Metallurgy 

Library St. Louis, Washington University 

‘Boz%m, Montana State College 

Las T’egas, Nevada Southern Uni- 

Kansas City, Linda Hall Library 

ILLIS 01 s MONTANA 
Chicago, John Crerar Library 
Chicago, University of Chicago XET’ADA 
Eranston, Korthn‘estern Unirersity 
crbana, Unirersity of Illinois versity 

Blwmington, Indiana Gnirersi ty 
k f w t t e ,  Purdue Unirersity 

b w ,  Iowa State Unirersity versity 

IXDIAXA Reno, University of Nevada 
XEW JERSEY 

Princeton, Princeton University 
IOrrA Teanecli, Fairleigh Dickinson Uni- 
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TABLE 2.-AEC DEPOSITORY LIBRARIES-Continued 

Libraries in the United StotecContinued 

XETT XEXICO 

Mexico 
Albuquerque, Gniversity of New 

XEW TORK 
Albany, The University of the State 

Buffalo, State University of N.T. at 

Ithaca, Cornel1 University 
Sew Tork, Atomic Industrial Fo- 

S e w  Pork, Columbia University 
Kew Tork, New Tork University 
Rochester, Unirersity of Rochester 
Schenectady, Union College 
Syracuse, Syracuse University 
Troy, Rensselaer Polytechnic Insti- 

of S e w  Pork 

Buffalo 

rum, Inc. 

tute  
WORTH CAROLIR'A 

Charlotte, Public Library of Char- 

Durham, Duke University 
Raleigh, North Carolina State Col- 

lotte and Mecklenburg County 

lege 
KORTHDAKOTA 

Grand Forks, University of North 
Dakota 

OHIO 
Cincinnati, University of Cincinnati 
Cleveland, Public Library 
Columbus, Ohio State University 
Toledo, University of Toledo 
Youngstom, Youngstown Univer- 

sity 
OKLAHOMA 

Norman, University of Oklahoma 
Stillwater, Oklahoma State Uni- 

versity 
OREGON 

Gomallis, Oregon State University 
Portland, Reed College 

Philadelphia, Univemity of Penn- 

Pittsburgh, Carnegie Library 
University Park, Pennsylvania 

PENNSYLVANIA 

sylvania 

State University 

PUERTO RICO 
Rio Piedras, University of yueQ 

Rim 
RHODE ISLLYD 

SOUTH CAROLINA 
Providence, Brown University 

Columbia, UniTersity of South 
lina 

TESSESSEE 

ennesst* 
Knosrille, University of T 
Memphis, Public Library 
Nashville, Joint University t' 

braries 1- 

Oak Ridge, Oak Ridge Asswatd 
Universities 

TEXAS 
Austin, University of Texas 
College Station, Texas A & ~1 rd. 
Dallas, Southern AIethdist rni. 
Houston, Rice University 
Lubbock, Texas Technological col. 
San Antonio, Public Library 

Salt Lake City, University of ut& 

Blacksburg, Virginia Polytwh& 

. Charlottesville, University of Vir. 

versi ty 

versity 

lege 

UTAH 

VIRGIKIA 

Institute 

ginia 
Norfolk, Old Dominion College 

Pullman, Washington State Uni- 

Seattle, University of Washington 

Morgantown, West Virginia Cni- 

WASHINGTON 

versity 

WEST VIRGIXIA 

versity 
WISCOSSIN 

Madison, University of Wisconsin 
Milwaukee, Public Library 

Laramie, Unirersity of Wyoming 
WYOMING 

L 



TABLE P.-AEC DEPOSITORY LlBRARlECConfinued 

Libraries in Countries Other than the United States 

Brassels, La Bibliotheque EURA- 
TOJi 

@€VIA 

BRAZIL 

La paz, Gmisidn Pu’acional de En- 
ergia Nuclear 

mo de Janerio, Instituto Brasileiro 
de Bibliografia e Documentacao 

BO paulo, Instituto de Energia 
Atomica, Cidade Universitaria 
SO Paulo 

B C U A  
Rangoon, ’Union of Burma Applied 

Besearch Institute, Atomic En- 
ergy Center Library 

&%ADA 
Hamilton, NcMaster University 
Ottawa, National Research Council 

Tancouver, University of British 
Library 

Columbia 
CHILE 

Santiago, Departamento de Fisica, 
Universidad de Chile 

CRETA 
Hskhu, Taiwan, Free China, Na- 

tional Tsing Hua University 
COLOUBIA 

Bogota, hs t i tu to  De Asuntos Nu- 
cleares 

240-67 8-67-30 
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COSTA RICA 
San Pedro, Cnirersity of Cvsta Rica 

Library 
DES31ARK 

mission 
ECUADOR 

Rise, Danish Atomic Energy Com- 

Quito, Escuela Politecnica Na- 
cional 

EL SALVADOR 
San Salvador, Univessidad de El 

Salvador, Biblioteca de Energia 
Xuclear 

FINLAND 
Helsinki, Teknillisen Borkeakoulun 

Kirjasto 
FRANCE 

Gif-sur-Yvette, Centre d’Etudes Nu- 

Paris, Academie de Sciences 
Paris, European Nuclear Energy 

cl6aires de  Saclay 

Agency, O.E.C.D. 
GERMAXT 

Berlin, Hahn-Meitner-Institnt f i r  

Frankfurt/Main, Gmelin-Institut 
Munich, Technische Hochschule, 

Kernforschung Berlin 

Bibliothek 
GHAKA 

GREECE 
Accra, University College of Ghana 

Athens, Nuclear Research Center 
“Democri tus” 

GUATEMALA 
Guatemala, Comisidn Nacional de 

Energfa Nuclear 
INDIA 

Bombay, Department of Atomic En- 
erm 

IRAN 
Tehran, Tehran University Nuclear 

Centre 
IRAQ 

Baghdad, Iraqi Atomic Energy 
Commission 

IRELAND 
Dublin, University College 
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TABLE 2.-AEC DEPOSITORY LIBRARlELContinued 

Libraries in Countries Other Than the United S t a t e M o n t i n U d  

ISRAEL 
Rehoroth, Israel Atomic Energy 

Commission 
ITALY 

Rome, Centro di  Studi h’ucleari del- 

Rome, Comitato Naxionale per 1’En- 

h p r a ,  EURATOM Research Center 

Tokyo, Kational Diet Library 

Seoul, Office of Atomic Energy 

Beirut, Lebanese National Council 

la Casaccia 

~ ergia Nucleare 

JAPAN 

KOREA 

LEBASOS 

for Scientific Research 
LUXEMBOURG 

Luxembourg, Ministry of Transport 
and Electricity 

MALAYSIA 
Kuala Lunpur, University of Ma- 

laysia 
MEXICO 

Mexico, D.F., Comisi6n Nacional de 
Energfa Nuclear 

NETHERLAXH 
, The Hague, Reactor Centrum Ne- 

derland 
NEW ZEALAND 

Sciences 
Lower Hutt ,  Institute of Nuclear 

NIGERIA 

NORWAY 

PAKISTAN 

Ibadan, University of Ibadan 

Lillestrom, Insti tutt  fijr Atomenergi 

Islamabad, Pakistan Institute of 
Nuclear Science and Technology 

Lima, Junta  de Control de Energia 
PERU 

,-- -1 Atomica 
.- PHILIPPIXE REPUBLIC 
C 3  Manila, Philippine Atomic Energy 

Commission 
r x l  POLAXD 

c; 

- 
s Warsaw, Biura Pelnomocnika Rza- 

du do Spraw Wpkorzystania 
Energii Jadrowej 

PORTUGAL 

clear 
Sacavem, Junta  de Energfa Xu- 

REPUBLIC O F  SOUTH A F R ~ c ~  
Pretoria, Atomic Energy B~~~~ 

Library 
REPUBLIC O F  THE CONQQ 

SPAIN 
Leopoldville, Oniversite &PaniDqt 

Madrid, Junta  de Energia xuclear, 
Biblioteca Doannentaci6n pu. 
blicaciones, Ciudad Universibria 

Nykijping, Aktiebolaget Atomenera 

Zurich, Eidgenbssiche Twhnbche 

Geneva, United Nations Libra- 

Bangkok, Office Of the Thai Atomlc 
Energy Commission, Department 
of Science 

SWEDEN 

SWITZERLAND 

Hochschule, Bibliothek 

THAILAND 

TURKET 
Ankara, Turkish Atomic Energ 

Commission, Atomic Energg ~ i .  
brary 

UNITED ARAB REPUBLIC 

UNITED KINGDOM 
Cairo, Atomic Energy Commission 

Birmingham, Central Library 
Boston Spa, National Lending ~ f .  

brary for  Science and Technology 
Kingston upon Hull, Central Libraq 
Liverpool, Central Library 
London, Central Library, Acton 
London, National Reference Library 
London, Science Museum Library, 

Manchester, Central Library 
Newcastle upon Tyne, Central U- 

Nottingham, Central Library 
Sheffield. Central Library 

Montevideo, Comision Nacional de 

South Kensington 

brary 

URUGUAY 

Energia Atomica 
VENEZUELA 

Caracas, Instituto Venezolam de 
Investigaciones Cientificas 

Saigon, Atomic Energy O E C e  

Belgrade, Federal Commission for 

VIETSAM 

TUGOSIi4VIA 

Xuclear Energy 

Seventh Japan  
on Radioisotol 

~ 1 s t  Cold Spring 
Conference on 
Wtive Biology- 
“Genetic Code 

stion Researcl- 
Third congress f 

Eleventh Pacific 
Congress. 

second Intermti 
physics Congrc 

International Co 
Radiation Pro 
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3.-l~~ERNATIONAL SCIENTIFIC CONFERENCES FINANCIALLY SUPPORTED BY THE AEC 

5-olIlletry Principles at 

Intermediate Energy 

seutron Noise, Waves 

Iflbaric Spin in Nuclear 

1. sochronOUS Cyclotrons- - 

High Energy. 

physics. 

pulse Propagation. 

physics. 

Seventh Japan Conference 
on Radioisotopes. 

3 ~ 1 s t  Cold Spring Harbor 
3 Conference on Quanti- 
5 tative Biology- 

IGenetic Code”. 

stion Research. 
Third Congress for Radi- 

Eleventh Pacific Science 
Congress. 

Second International Bio- 
physics Congress. 

International Congress on 
Radiation Protection. 

Conducted By 
?-- 

Title or subject of Conference 

Dniversi ty  of Miamj 

College of William 
and Mary. 

University of Flor- 
ida. 

Florida State 
University. 

Oak Ridge National 
Laboratory and 
Int’l Union of 
Pure and Applied 
Physics. 

Japan Atomic Indus- 
trial Forum. 

Cold Spring Harbor 
Laboratory. 

National Academy 
of Sciences (NAS)- 
National Research 
Council (NRC), 

NAS-NRC- - - - - - - - - 

Place 1 Dates (1966) 

Coral Gables, Jan. 

Williamsburg, Feb. 

Gainesville, Fla-- Feb. 

Tallahasse, Fla- - March 

Fla. 20-22. 

T’a. 10-12. 

14-16. 

17-19. 

Tokyo, Japan--- May 

Cold Spring June 2-9 
. 16-19. 

Harbor, N.Y, 

Cortina, Italy--- June 26- 
July 2 

lrokyo, Japan,,- Aug. 22- 

Vienna, Austria- Sept.-5-9 
Sept. 10 

US. Health Physics 
Society. I 
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Subject 

Disposal of Radioactive Wastes 
into Seas, Oceans and Surface 
Waters. . .  Food Irradiation _ _ _ _ _ _ _ _  - - _ _  - - - 

Magnetohydrodynamic Electrical 
Power Generation. 

Use of Radioisotopes and Radiation 
in Dairy Science and Technology. 

Neutron Monitoring for Radio- 
logical Protection. 

Use of Isotopes in Plant Nutrition 
and Physiology Studies. 

Solid-state and Chemical Radiation 
Dosimetry in Medicine and 
Biology. 

Standardization of Radionuclides- - 
Nuclear Data-Microscopic Cross 

Sections and Other Data Basic 
for Reactors. 

Use of Isotopes in Hydrology- - - - - - 
Radioisotope Tracers in Industry 

Alkali Metal Coolants-- - - - - - - - _ - - - 
and Geophysics. 

Karlsruhe, Germany- - - - - June gI0 
Salzburg, Austria---- - - -  - July 4-8 

Vienna, Austria - 

Vienna, Austria- _ _  - - - - - - 1  Aug. 29- 
Sept. 2 

Sept. 5-9 Vienna, Austria- - - _ _  - - - - 

Oct. 3-7 Vienna, Austria- - - - - - - - - 

Vienna, Austria _ _ _ - - - - -  - Nov. 14-18 
Prague, Czechoslovakia- - Nov. 21-25 

Vienna, Austria _ _ _ _ _ - _ - -  Nov. 28- 
Dee. 2 

/ BOOS 

Beryllium: Its I o  
Hygiene Aspec 
Industrial Hyg 

Thorium: Its Inc 
giene Aspects ( 
Industrial Hyg 

Tissue Grafting a 
(American Inst 
logical Sciences 

SYMPOSIUM PI 

RAdioactive PhaJ 

Xeutron Dynami 
trol. 

Accelerator Radi 
etry and Expel 

Commercial Plut 
Conference. 

Xeutron Cross Sc 
nology. 

Large Scale Prod 
Applications of 
topes. 

Swine in Biomed - 
.Available a t  indica 

Springfield, Va. 22151. 
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5.-~ECSPONSORED BOOKS, MONOGRAPHS, AND PROCEEDINGS PUBLISHED IN 1966 

,ABLE 

Title 

Y 
BOOKS 

,netor 'I'e~hnO~ogY- 
selected Reviews-1965. 

plant Design. 

= I :  
c F i t  Rewtor Technology 

Environment of the Cape 
Thompson Region, Alaska. 

Biological Effects of Ionizing 
Radiation-h Annotated 
Bibliography covering the 
p r s  189S1957. 

seutron Cross Sections, BNL- 
325 Supplement 2 

MONOGRAPHS (COOPERATING 

(2 = 41-60). 

SOCIETY) 

Beryllium: Its Industrial 
Hygiene Aspects (American 
Industrial Hygiene Assoc.) . 

Thorium: Its Industrial Hy- 
giene Aspects (American 
Industrial Hygiene Assoc.) . 

Tissue Grafting and Radiation 
(American Institute of Bio- 
logical Sciences). 

STMPOSIUM PROCEEDINGS 

Radioactive Pharmaceuticals- _ _  

Scutron Dynamics and Con- 
trol. 

i Accelerator Radiation Dosim- 
etry and Experience. 

I Commercial Plutonium Fuels 
ui Conference. 
b - 3  Seutron Cross Section Tech- 

I 

nology. - 
* Luge Scale Production and 

Applications of Radioiso- 
topes. 

0- 

Swine in Biomedical Research-- 

Author(s1 or Editor(s) 

L. E. Link, Ed _ _ _ _ _  

J. G. Yevick, Ed--- 

N. J. Wilimovsky, 

Marylou Ingram, 
J. N. Wolfe, Eds. 

Compiler. 

Brookhaven Na- 
tional Labora- 
tory. 

H. E. Stokinger, Ed. 

Roy E. Albert _ _ _ _ _ .  

H. S. Micklem, 
H. F. Loutit. 

2. A. Andrews, R. hl. 
Kniseley, H. N. 
Wagner, E. B. 
Anderson, Eds. 

3. L. Hetrick, L. E. 
Weaver, Eds. 

L. K. Bustad, 
AI. P. Burns. 

Publisher and Price 

U.S. Atomic Energy 
Commission, * $4.50. 

M.I.T. Press Cam- 
bridge, Mass., 
$35.00. 

Commission,* $9.25. 

Commission,* $12.00. 

US. Atomic Energy 

US. Atomic Energy 

US. Atomic Energy 
Commission, * $8.00. 

Academic Press, New 
York City, $11.60. 

Academic Press, New 
York City, $7.00. 

Academic Press, New 
York City, $7.00. 

US. Atomic Energy 
Commission,* $5.00. 

U.S. Atomic Energy 

3.S. Atomic Energy 

U.S. Atomic Energy 

U.S. Atomic Energy 

U.S. Atomic Energy 

Commission, * $4.50. 

Commission,* $6.75. 

Commission,* $3.00. 

Commission, * $11.25. 

Commission, * $7.00. 

?rayn, Seattle $16.50. 

*Arailable at indicated prices from the Clearinghouse for Federal Scientific and Technical Information, 
sptngfield, Va. 2~151. 
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TABLE 6.-ltTlES OF BOOKLETS IN THE 

Accelerators m*s) 
Atomic Fuel (’*’) 
Atomic Power Safety 
Atoms at the Science Fair 
Atoms in Agriculture (F*s) 

Atoms, Nature, and Man2 
Careers in Atomic Energy 
Computers * 
Controlled Nuclear FZlsion 
Direct Conrersion of Energy (Fm 
Fallout from Nuclear Tests 
Food Preservation by Irradiation 
Genetic Effects of Radiation 
Microstructure of Matter 
Neutron Activation Analysis (Fm 
%ndestructive Testing 
Nuclear Clocks ’ 
Nuclear Energy for Desalting ‘2*R*s*1) 

Nuclear Power and Merchant 
Shipping 

AEC’S “UNDERSTANDING THE ATOMS. 
SEbB 3 

h’uclear Power Plants 
Nuclear Reactors (’**) 
Nuclear Terms, A Brief Glossary a 

Our Atomic World (F,’) 
Plowshare (’**) 
Plutonium 
Popular Books on Nuclear Science 
Power From Radioisotopes 8 

Power Reactors in ‘3 b mall Packgg 
Radioactive Wastes 
Radioisotopes and Life Processes 
Radioisotopes in Industry 
Radioisotopes in Nedicine * 
Rare Earthsa 
Research Reactow 
SSAP, R’uclenr Space Reactors 
Synthetic Transuranium Elemenh 
Whole Body Oounters 
Tour Body and Radiation’ 

1 Single coples (limit : three titles per request) ax-ailable free from USAEC, P.0. B~~ 

a Revised in 1966. 
(*)French translation available. 
(S’Spanish translation available. 
(”Italian translation available. 

Oak Ridge, Tenn. 37830. 
Published in 1966. 

Oak Ridge, Ten1 

muquerque, N. 
Richland, Wash 

Foreign Loan 
liaison oflces E 
Buenos fires, t: 
Stockholm, the 
Vienna, the Am 
Film Library i E  

ance directly f r  
Embassy, whicE 
ria the U.S. Info 

EXTUCORPORE 
dwed by AEC’: 
lymph may be i r  
through a closec 
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AEC FILM LIBRARIES 

~ part of its information and education program, the AEC maintains motion J. 
icture libraries from which qualified borrowers throughout the United States 

Canada may obtain 16mm sound films which explain rarious aspects of 
and 
,romic ene ra .  All films are loaned free, and only for educational, nonprofit, 
,,,ncom~ercial, screenings. Also, many are available for use in unsponsored 
,,public service” telecasts. The domestic film libraries are located a t  the follow- 

ing 
\\-&&gtOn, D.G--------- Delaware, District of Columbia, Uaryland, Vir- 

ginia, West Virginia, and Canada. 
seieff N.Y------------- Connecticut, Maine, Massachusetts, Kern H a m p  

shire, New Jersey, Sew York, Pennsylvania, 
Rhode Island, and Vermont. 

gil;en, S.C--------------- Alabama, Florida, Georgia, Korth Carolina, and 
South Carolina. 

I&ho Falls, Idaho---- ----- Idaho, Montana, and Utah. 
g&eley, Calif -- --- --- --- -- California, Hawaii, and Keva da. 
Grand Junction, Cola------- Colorado, Kansas, Nebraska, and Wyoming. 
Agome, Ill-------------- Illinois, Indiana, Iowa, Michigan, Minnesota, Mis- 

+wuri, North Dakota, Ohio, South Dakota, and 
Wisconsin. 

oak Ridge, Term----------- Arkansas, Kentucky, Louisiana, Mississippi, and 
Tennessee. 

Albuquerque, N. Mex------ Arizona, New Mexico, Oklahoma, and Texas. 
Richland, Wash------------ Alaska, Oregon, and Washington. 

Foreign Loans. Many of the films are available for loan from: the AEC’s 
liaison offices at the American Embassies in Tokyo, Brussels, London and 
Bnenos Aires, the U.S. Information Service post at the American Embassy in 
Stockholm, the Film Library of the International Atomic Energy Agency in 
Yienna, the American Film Library in The Hague, and the National Science 
Film Library in Ottawa, Canada. Residents of other nations may seek assist- 
ance directly from the nearest U.S. Information Service post at an American 
Embassy, which can arrange to borrow prints from the AEC in Washington 
ria the C.S. Information Agency, Washington. 

BEG offices and service requests from the states as indicated: 

N E W  AEC FILMS M A D E  AVAILABLE TO PUBLIC DURING 1966 

Rrofessional Level 

EHTUCORPORE~LL IRRADIATION OF BLOOD AMD LYMPH: 7% minutes, color, pro- 
duced by AEC’s Brookhaven National Laboratory. Shows how blood and/or 
hrmph may be irradiated in a well-shielded gamma ray source outside of the body 
through a closed circuit of teflon tubes from artery to vein. 

453 
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SHEAR-LEACH PROCESS FOR SPEKT XUCLEAR FUELS : 11 minutes, color, prod 

mechanical method for reprocessing spent StainleSP steel or zircaloy-2 clad of a 
reactor fuels. The film also summarizes data obtained from various sheariag 
and leaching tests conducted at ORNL. 

WASTE DISPOSAL BY HYDRAULIC FR.4CTURINa : 10 minutes, color, Produced by 
AEC’s Oak Ridge National Laboratory. 

for permanent disposal. 

by AEC’s Oak Ridge Kational Laboratory. Illustrates the development uC@d 

Depicts the process for the disposal 
intermedia te-level radioactive wastes in underground bedded shale formations O f  

Professional and Popular level 

COXTROLLING RECOBDS FIRES WITH HI-EXPANSIOX FOAM : 11 minutes, color, 
produced by AEC’s Idaho Operations Office. Records a series of actual Ere 
tests in which detergent foam extinguishes file room fires with little damage to 
records. 

THE MASS OF ATOMS: 47 minutes, black and white, demonstrates the Stepby. 
step operations in an experiment performed by two Mound Laboratory wientih 
to determine the masses of a helium and a polonium atom. 

RETWN TO BIKINI: 28% minutes, color, produced by the AEC by the Labora. 
tory of Radiation Biology, University of Washington. Describes the latest 
scientific survey to determine the condition of Bikini and Eniaetoli atolls sir 
years after the last nuclear detonations, and how it found tremendous rwovem 
to the biological processes that form the life chain linking man with the tiniest 
plants, fish and animals. 

SAFETY IN THE PLOWSHARE PROGRAM: 22 minutes, Color, produced by A E C ~ ~  
Nevada Operations Office, This companion to the AEC film “Plowshare,” docu. 
ments the means taken to insure the safety of the public during experiments or 
projects in the program to derelop peaceful uses of nuclear explosives. 

Popular Level - 

TRE ATOM AND EVE: 15 minutes, color, produced for the Connecticut Ymee 
Atomic Power Co. shows how nuclear power has grown-and what 11 New Ex- 
land utility companies are doing to use nuclear power effectirely because electric 
power is an integral part of everyday life. 

ATOMIC ENERGY FOR SPACE: 17 minutes, color, produced by the Handel Film 
Corp. with the cooperation of the AEC and NASA. Explains why only atomic 
energy can satisfy some of the future power needs for the exploration of deep 
space-the nuclear rocket for space propulsion, and isotopic or reactor 
powerplants which can produce the electricity essential for spacecraft operationa 

ATOMIC POWER TODAY : SEBJTCE WITH SAFETY : 28% minutes, color, produced 
for the Atomic Industrial Forum, Inc.. and the AEC by Seneca Productions, Inc 
Tells the many ways that safety is built into the planning, reviewing, construct- 
ing and inspecting of central station atomic powerplants to serve the c0untr.r 
now and in the future. 

FaRM FRESH TO Too: 13$.minutes, color, produced for the AEC by the Arm 
Pictorial Center. Describes the new method of preserring certain fresh f d b  
and vegetables by irradiation pasteurization. 

THE FRE5HEB THE BETTER: 13% minutes, color, produced for the AEC by the 
Army Pictorial Center. Shows the preservation of fresh seafoods by radiation 
pasteurization, to extend refrigerated shelf life up to three times that Of 
irradiated fresh seafood. 

C-i 
-+ 

U - 
CCI 
w, 

- - 
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IS THE DESERT-THE HANFORD STORT: 39 minutes, color, produced 

A ~ ~ * ~  Richland Operations Office. Tells the historical summary of plutonium 
''',duction and other varied nuclear actirities at Hanford Works including the 
p' 
. p i a  ' p R O ~ ~ C T  LONG SHOT: 11% minutes, color, produced by USAF for D A M .  

operation Long Shot, a n  underground nuclear test on the Aleutian 
sands chain, part of the Vela Uniform Program to increase the U.S. capability Let&, identify and locate underground nuclear detonations. 

t @ S s A p - ~  : SYSTEM FOB NUCLEAR AUXILIAEY POWER : IO minutes, color, produced 
the AEC by the Aerojet-General Gorp. Describes the principal components, 

'Or cvdems, and testing of the mercury-vapor-turbogenerator system to convert 

1 diversified industrial-government relationships now in effect. 

- Gab-, 
from a nuclear reactor into useful electricity. ; be8 
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The Stoniic I 
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U.S. Army. I n  
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u.S. Treasury, 
production and 
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APPENDIX 11 

AEC FINANCIAL SUMMARY FOR FISCAL YEAR 1966” 

The Atomic Energy Commission is an independent agency responsible to the 
pesidat. and Congress. It was established by the Atomic Energy Act of 1946 to 

e the responsibilities for the development, use, and control of atomic 
and for the production of nuclear weapons previously assigned to the 

In 1954 the functions and responsibilities of the AEC were ex- 
ded to provide for greater emphasis on developing and promoting peaceful 

of atomic energy. Ownership of all special nuclear materials was vested 
io @e United States Government until 1964 when legislation was enacted to 

’me AEC’s operating expenses are approximately $2.5 billion per year. ~n 
fishing its assigned mission, the AEC uses assets totaling nearly $8.7 igz These assets include $1.5 billion in cash and funds available from the 

c .~ ,  neasnry, $1.1 billion in inventory and $5.9 billion in Government-owned 
duction and research facilities. 

of the work involved in actually achieving the AEC goals is performed P 
br commercial firms or educational and other mn-profit organizations under 

Many of these contractors operate Government-owned 
Bdities. Employees of the contractors who operate the Government facilities 

me AEC has a decentralized organization with offices located in various parts 
the country to  administer one or more of the major production or research 

md development contracts. 
gince the AEC is engaged in large#cale Sndwtrial and research activities, 

those responsible for its management require knowledge of the cost of each step 
in its operations. At the same time, the AEC accounting system must comply 
rfth the requirements of Federal Government fund accounting. The system 
beveloped to meet both these requirements has the approval of the General Ac- 
counting Office. Like industrial accounting systems, it follows a m a l  and cost 
raonnting principles, including the recording of depreciation. Major contrac- 
tors maintain complete accounting records for their AEC activities, and these 
are an integral part of the AEC’s accounting system. The rsummary contained 
In the following pages is a consolidation of information obtained from hancia l  
Reports made to the AEC by its contractors and information obtained from the 
AEC records. 

enem 

P 
G,S. A ~ S .  

mit such material to be owned privately. 

to the AEC. 

approximately 112,000. The AEC has about 7,400 employees. 

‘Xaterial in this appenCUs is extracted from the “U.S. Atomic Energy Commission-1986 
5 c i a l  Report,” available from the Superintendent of Documents, U.S. Government 
h t i n &  Office, Washington, D.C. 20402, price 50 cents. 
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SUMMARY OF NET OPERATING COSTS 

10TAL OPER, 

5!1 I O  I 1 0  

TING COSlS. . . 

PROCUREMENT OF 
. RAWMATERIALS. . . . 

PRODUCTION OF 
NUCLEAR MATERIALS . . 

WEAPONS DEVELOPMENT 
AND FABRICATION . . 

REACrOR DEVELOPMEN1 . 

PHYSICAL RESEARCH 

OWER PROGRAMS . 

. .  . 

1966 
(Millions) 

$206 

$544 

$730 

$484 

$265. 

. . .  $211 9% 

AEC 

Education and tr; 
AEC administrat 
m i t J  investiga 
Other expenses- 
0th- income---- 

Net cost of OF 

Adjustments 
Transfers to i 

special items 

Net cost of OF 
- 

'Includes depre 
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46 
ions) 

23% 

30% 

11% 

9% 

i r 

- 

'Includes depreciation of $329 million in 1966 and $324 million in 1965. 
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APPEKDIX 1 1  

COSTS INCURRED BY RESEARCH LABORATORIES 

A major portion of AEC research and development is conducted 
owned laboratories. On June 30, 1966, the  AEC's fnrestment in research *~,  
ties totaled $S. i  billion. Of this amount, $13 billion was invested in the -ti. 

Government-owned laboratories. These facilities included research rC- J%jr,* . particle accelerators, general laboratory buildings, equipment, and rcspa~.h 
dh vices. This research and development Fork conducted in AEC laboratoripi 

cludes central station nuclear power design and development. research . I: 
physical and life sciences, nuclear weapons development, research '' tL 
applications for nuclear esplosires, and research to  improve nuclea 
processes and techniques. 

centers. 
curred at  other AEC-owned installations, and the cost of the work 
facilities owned by universities, industrial, and other privately own 
tions are included in the costs of the various research areas shorn  th 
this summary. 

On hJc'8c.rqp 
mater&&; 

~ r f o r n c c .  1~ 

ed %4Q* 

The ten laboratories listed below are the principal A E C - O ~ ? ~ ~ ~  re~,.r,.  
The operating costs of these laboratories, together with th drrt 

i t  
e cost, . 

rOUgh,l%* 
iI 

[In thousands] 

eo 
Laboratories 

Ames Research Laboratory __-__________________________ 
Argonne National Lsboratory 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Bettis Atomic Power Laboratory 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Brookhaven National Laboratory _ _ _ _ _ _ _ _ _  _____________. 

Knolls Atomic Power Laboratory 1 - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Lawrence Radiation Laboratory f . . . . . . . . . . . . . . . . . . . . . . .  
Los Alamos Scientific Laborstory 9 _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Oak Ridge National Laboratory 3 __-____________________ 
Pacific Xorthwest Laboratory- - - ______-________________ 
Savannah River Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

$18,450 
310,195 
1%. 711 
212,767 
138,548 
279.045 
??i, 955 
320,097 
8G, 014 
68,765 

$8,326 
82, a i 2  
5;. 627 
58,616 
41, 71 i  

161,370 
1@,373 
84,877 
34,186 
12,835 

I I I 

]Includes facilities at NRTS, Idaho. 
IIncludes facillties at Mercury, Nev. 
*Includes Experimental Gas Cooled Reactor formerly held by TYA. 
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COSTS INCURRED BY GEOGRAFHICAL LOCATIONS 

3,326 
2.872 
7,627 
ip  616 
I 717 
370 

7 373 
,877 
,186 
835 

t': 
..- 

I 
i 
f 

following table shows the costs incurred by the AEC in fiscal year 1966. Lttions of costs are made in accordance with the physical location of con- 
Bnd AEC ofhe6 but do not necessarily represent funds spent in thme ;I.# 

, < i ~ f l  
I- 

,,tioas- [In thousands) 

Plant and 

Equipment 
Location Operations. Capital 

/----- 

897 - - - - - _ _  _ _ _  _ _ _  - 
55 - - - - -_ -_______ 

7,930 $ 
2 6 3 -  - _ _ _ _ _ _ _ _ _ _ _ _  

262,363 76,17 
55,649 6,69 
15,665 1,011 

15,327 121 
14,451 1,64 

960 3! 
4,113 3: 

50,670 17,54' 
81,339 15,6E! 
2,970 1: 

16,008 3, M)( 

581 13 
61,951 58i 

333 
349 _-__- - - -_______ 

40,0C3 321 
23,908 4,2?i 
5,368 377 
3,477 51 3 

75 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
82,793 4,938 

91 --- ---_-_____ - - 
799 5,249 

165,269 22,132 
86 -_ - -___________.  

16,152 3,543 
360,952 46,647 
104,768 23,133 

1,498 489 
24 _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  - 

111,025 7,966 
339 _ _ L _ _ _ _ _ - _ _ _ _ _ _ _  

1,278 22 
89,237 4,333 
2,831 1,019 

45 - - - - - - - - _ _  - - - - 

"r 

- - - - - - - - - - - - - - - 

676 - - - _ _ _  _ _ _ _  _ _ _ _  _ _  
81,564 15,022 
3,991 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

185,797 33,218 
19,893 3,284 
16,780 309 

30 - _ - - _ _ _ _ _ _ _ _ _ _ _ _  
2,592 61 

133,494 20.454 
31 4 - - - - - _ - _ _  - _ _  - - _ _  

3,715 3,105 , 
34,734 I4 
55,747 

Total 

sQ7 
55 

7,931 
263 

338,6338 
62,344 
16,681 

45 
15,447 
16,092 

995 
4,146 

68,214 
97,024 
3,043 

19,OFB 
594 

62,538 
333 
349 

40,324 
28,135 
6,745 
3,990 

75 
87,731 

91 
6, Cafl 

187,401 
86 

19,695 
407,599 
127,901 

1,987 
24 

118,991 
339 

1,300 
93,570 
3,850 

676 
96,686 

219,016 
23,177 
17,089 

30 
2,653 

163,948 
314 

6,820 
34,748 
55,947 

3,991 

$2,463,614 - I I I - OEtefUdes depreciation. 
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COSTS tNCURRED BY COLLEGES AND UNIVERSITIES 
i 

466 

5 
! 

In  addition to the activities of the -4EC laboratories, some of Which arc 
for the ,4EC by universities or associations of universities, the AEC OPf.&.,-,_ 

f)!' 
contracts with 249 colleges or universities for atomic energy Work. 
below shows that the cost of this work totaled about $120 million in fiscal 
1966 and identifies each university where costs in excess of $500,000 werP inel,,, 

1:. ~ 

Thra t,-,*, . 

Colleges and Unirersities 

J 

37 
12 
3 
I1 
17 
33 
23 
34 
6 

22 
27 
28 
42 

4 
44 

5 
30 
19 
2 

20 
13 
15 
18 
'76 
43 
39 
16 
1 

14 
25 
24 
35 
7 

38 
40 
21 
29 
32 
31 
36 
10 
41 
9 
8 

- -_ -___- - - - - - -  

- -_ - - -_ - -__ - - -  

*These costs exclude depreciation and Include construction and capital equipment. 

AE, 

cos 

------- 

costs ex 



ES 

- 
: bp Dol. 
olumc 01 
Incurre( 
F 

37 
12 
3 

11 
17 
33 
23 
34 
6 

22 
27 
28 
43 
4 
44 

5 
30 
19 

2 
2C 
13 
15 
16 
25 
43 
39 
16 
1 

14 
25 
24 
35 

38 
40 
21 
29 
32 
31 
35 
10 
41 
9 
8 

- 
I 

- - - - - - - - . 

,merit. 
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AEC 

~NCURRED BY PRINCIPAL PRIME 1NDUSTRlAL CONTRACTORS 

indu- strial organizations -.orking under contract with the AEC perform 

by the AEC. In fiscal year 1966, the ,4EC’s principal prime indus- 
accomplished work amounting to some $1,643 million. The 
sts the industrial, supply, production, and research and de- 

,,,tractors who incurred costs exceeding $5 million. Except for 
ts for the operation of laboratories are included in the costs 
tors listed below. 

1 ri \.a tc the production and much of the research and development work w- 
Of 

4 1  

1 Fiscal Tear 1966 

Industrial Organizations 

- 
18 
9 

32 
26 
23 
10 
6 

39 
31 
13 
11 
14 
5 

34 
3 i  
25 
3 
8 
30 
21 
20 
35 
15 
29 
17 
38 
16 

exclude deprecietlon and include construction and capital equipment. 

Total Costs’ 
in thousands) 

820,840 
41, i77 
6,403 

12,043 
15,586 
40,928 
75,623 
5,025 
7,600 
30,303 
36.351 
25.50.5 
92,313 
6,018 
5.524 

13.699 
128,715 
51, 440 
7,889 

17,402 
17,708 
5,946 
W. 636 
8,541 

22.39 
5,386 

22,882 
20.485 
13,739 
5,881 
32,848 

109,191 
207,680 
269,692 

15,607 
9,003 
9,743 

53,069 
6,333 

141,578 

$1,643,362 
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CONNECTICUT 1 
5;. a 

9.0 

lL: 

Pratt and Whitney Aircraft, Inc., Middletown 

Yale University, New Haven 

Combustion Engineering, Inc., Windsor 

4 .3  

5.3 3.0 1.6 

Lithium Cooled Experiment _-_______--  ------------ 

Linear Accelerator- ______________-- - - - -  ------------ 

857.2 ___________-  

G~bmarine Reactor Facilities _-_--__-- ------------- 15.2 _______--_-- ------------ ---- 
-------I/ 

77.7 3.0 1.9 1 e& Total Connecticut. - ___________-_ -__------------- 

See footnotes at end of table. 

------- 

Total- - - - _-  
w&jnghouse Elec 

u r g e  Ship Re 
Submarine Th 
Other Researcl 

pmips Petroleum 
Nuclear Safety 
Power Burst F 
special power 

Total-,----- 

hrgonne N a t i o d  
Reactor Facili 

General Electric C 
Knolls Atomic 

General Atomic D 
Experimental 

Total Idaho. 

Enfversity of Chic 
Argonne Natic 

Fniverslty of Chic 
Argonne Canc 
Research Equ 

Rmearch Fact 

Total Illhot 

Cnlverslty of I l l i n 1  

aee footnotee 



$17.3 $0.8 

18,4 

70. 5 

I 4  
.1 
9. 2 

14.7 

38.7 

.5 

1.9 

4.9 
1.8 
.1 

6.8 

.9 

271. 5 

5. 4 
1.4 

13.9 

.1 
__-_--- ---- 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

469 

Authorized plant and equlpment (In a l o n r )  

Estimated 
cost to  

Complete 
Construc- 
tion Proj- 

ects 1 a 

Completed 
Construc- 
tion TTork 
gIn Prop 

res6 

Location and contractor Total 

$21.8 

1 FLORIDA 

IDAEO 

87. 0 
10.2 
4.2 
55.6 
15.8 

241 
5.1 
2.1 
58.8 

15. a 

85.1 
10.2 
4.2 
30.8 
15.1 
15.8 
21.3 
6.1 
2.1 

54.0 

258.7 223.7 1 18.9 

35.9 
27.6 
21.7 m. 2 

1.4 

.R 

575.3 
- 

4. J 

131.4 
1. F 

137. !! 

57.5 

9.0 

13.2 - 
52.6 

r===- 

85.2 

24 Q 
9.4 
9.4 

pmlps Petroleum Co. 
?;odes Safety Test Engineering ______-__________-_ 
poser Burst Facility ____________________-_-- - - - - - -  
Special Power Excursion Reactor Test __________--_ 

14.6 
7.5 
.1 

22.2 43.7 

43.3 

20.8 

10.1 

MI. 8 

370.8 

0.6 
1.9 

3.7 

3.7 

.3 

.1 

55.2 

. 20.4 1 .I 

28.6 378.0 

85.4 

1.1 
. 5  

.8 

87.8 

2.7 I . 2  

281.0 I 14.2 383.0 

&e tootnotea at end of table. 
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Location and contractor 

INDIANA 

470 

-4nthorized plant and equipment > 
P 

Construe- Cost to 
Completed tion Work Complete 

In Prog- Construe- 
ress tlon Pro). 

Total 

ects 1 1  

\ 

APPENDIX 11 

University of Notre Dame, Notre Deme 
Radiation Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ------ 

IOWA 

$2.4 _ _ _ _ _ _ _ _ _ - -  - I 10.5! g., 

t I- 

Union Carbide Corp., Paducah 
Osseous Diffusion Plant-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Feed Meterials Plent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total Kentucky ____________________- - - - - - -_ - - - - - -  

755.7 
31. 1 

786.8 

1 , I , I hf ARY LAND I 

I 

Harvard University, Cambridge 

Edgerton, Germeshausen 8: Grier, Lnc., Boston 

hisssechusotts Institute of Technology, Cambridge 

Cambridge Electron Accelerator- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Research Fecilities _ _ _ _ _ _  ________________-__-- - - - - - -  
Research Facilities ____________________-----_-------  

21.5 AEC Headquarters, Gcrmentown- - - - _______..________- 20.5 I _ _ _ _ _ _ _ _ _ _ _ -  I L o  I- ! ,- 

19.5 .5 

20.4 .3 

4.8 _ _ _ _ _ _ _ _ _ _ -  

MASSACHUSETTS I I 

~IICEIQAN 

University of Mlchigan, Ann Arbor . 

Research Facilities ____________________------------- 
MIXNESOTA 

. 2  1.9 _.__-------- 

4.1 24 1 

3. 5 24.2 

6.4 1 la2 

21 

.------ 

princeton Univer 
Princeton-Pel 
Model C. stE 

Atomic Energy C 
Xew B m s a  

Total New 

Albuquerque: 
Lovelace Foun 
Sandia Corp. 

Sandia Labor 
ACF Industrie 

South Albuy 

Total- - _ _  - 
Los Alamos: 

University of ( 

Los Alamos : 
The Zia Go. 

Community 

Total _ _ - _ _  
Total New 

See footnote 
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AEC PLANT AND EQUIPMENT BY LOCATION--Continued 

r, 1 Authorized plant and equlpment (in mlllfons) - 
E st tmat.ed 

cost to 
Complete 
C onstruc- 
tion Proj- 

ects 1 8 

$0.3 

17.8 

_ _ _ _ _ _ _ _ _ _ _ _  

17.8 

1.2 
11.9 

. 2  
-_---------- 

13.3 

. 2  

. 2  

31.5 

Construc- 
tion Work 
In Prog- 

ress 

Location and contractor I Completed Total 

NEBRASKA 

c o o s ~ e r $  Public Power District, Hallam 
Banem Nuclear Power Facility- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8 $41.3 

NEVADA 

$41.6 - 
146.7 

9.4 

125.0 

9.4 

l!%. 1 

16.9 
68.0 
1.3 
1.8 

88.0 

3.9 

.1 
5.9 
9 . ”  

plo)ect Rover 
Alamos Sclentlflc Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15.6 

50.2 pan American World Airways, Inc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Other Research Facilities- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.8 
westinghouse Electric Corp . . . . . . . . . . . . . . . . . . . . . .  .9  

Total- 6 8 . 5  - - - - - _ _ _  _ _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _  _ _ _ _ _  
C.S. Hlghway 95 Improvement, Las Vegas _ _ _ _ _  _ _ _ _ _ _ _ _  

Research Facilities - -_____  _ _ _ _ _  _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4.3 

10.2 
~ d i 3  Corp., Tonapah 

e. 2 

4.5 

10.5 

259.1 

38.1 
24.0 

3.1 

Tot4 Nevada ____-__-_---________________________ 217.4 

NEW JERSEY 

mceton Gniversity, Prhceton 
fiinceton-Pennsylvania Proton accelerator-,,,,---- 29.0 
?ifode1 C. Stellarator Facilities. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  24.4 

Atomic Energy Commission, New Brunswick 
Sea Brunswick Laboratory- __________________,.__ 3.1 

4.9 
. 4  

.---_----,-- 

5.3 - 
.6 

30.2 

3.4 

34.2 

68.1 - 
4.5 

195.2 

39.9 

4.3 !E. 5 

3.9 

155.6 

36.4 

9.4 

. I  

9.5 239.6 

262.5 

138.7 

401.2 

34.0 

5.7 

16.2 

4.2 

20.4 

29.9 

39.7 

73.9 - 640.8 
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AEC PLANT AND EQUIPMENT 67 LOCATION--Continud 1 

Location and contractor 

N E W  YORK 
New York City: 

New York University 

Columbia University 

Atomic Energy Commission 

Computing and Other Research Facilities--------- 

Accelerator and Research Facilities ___________-_--  - 
Health and Safety Laboratory _-__-__--__----- ---- 

Total- - - - - _ _ _ _ _ _ _ _ _ _ _  _______-____________  _ _ _ _ _  - - 
Associated Universities, Inc., Upton 

Brookhaven National Laboratory _ _ _ _ _ _ _ _ _ _ _ _ _  ___. 
Nuclear Materials and Equipment Corp., Niagur 

Falls 
Boron Plant 

University of Rochester, Rochester 

General Electric Co., Schenectady and West Milton 
Medical Laboratory and 130" Cyclotron- 

~ 

Authorized 

- 
plant and 

Construc- 
Completed tion Work 

In Prog- 
ress 

I 

Knolls Atomic Power Laboratory ._________________ 

Accelerator Facility--- _. - .__._______ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _  Rensselaer Polytechnic Institute, Troy 

Air-Preheater Division of Combustion Engineering, 
Wells rille 

Project Rover 

Total New Tork _____._______.______-----------_- 3%. 8 

om0 

Qeneral Electric Co., Cincinnati 

Goodyear Atomic Corp., Portsmouth 

National Lead Co., Fernald 

Monsanto Chemical Co., Miamisburg 

City of Piqua, Piqua 

Reactive Metals, Inc., Ashtabula 

Battelle Memorial Institute, Columbus 

8.7 

765.4 

Research Facilities ____________________-----_---_---  

Gaseous Diffusion Plant ____________________-- -___-  

Feed Materials Plant ______________________-_-_-__- -  

Mound Laboratory ____________________----__--_----  

Piqua Nuclear Power Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Feed Materials Facility- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Research Facilities ____________________-------__----  
Total Ohio ____________________--------- - - -  ------- 

119. a 

49.8 

9.2 

1.7 

1.0 

954.8 

PENNSYLVAKIA 

Westinghouse Electric Corp., Pittsburgh 

Carnegie Institute of Technology, Pittsburgh 

Duquesne Light Co., Shippingport 

Westinghouse Electric Corp., Shippingport 

Westinghouse Electric Corp., Large 

64.4 

1. t 

62.4 

2. ( 

6. : 
125. t 

Bettis Atomic Porer  Laboratory -_.________________ 

Accelerator and Research Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

Shippingport Atomic Power Station _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Research Facilities ____________________--------- -  --- 
Astro Nuclear Laboratory- _________________-_--- - 

Total Pennsylvania _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ c _  

Can f,,-rntnntpc n t  pnd of tnhlp. 

212.8, 

I 

7.4 

6.5 

118.1 

2. F 

_ _ _ _ _ _ _ _ _ - - -  

so. 2 

.5 

1.3 

39.6 

. 3  

. 4  

10.2 

- - - _ _ _ _ _  

.1 

51.9 
P 

1.4 

1.7 

2.1 

19.2 

1. 0 

. 2  

____---- 
2.5.6 

14.4 

__------ 
.i 

1. : 

.I 

16. I 
- - 

Lt 

/------ 

Total SOU 

Tottd TI 

Meson and Range 
pantex Plant- 

Rjw Cnlversity, : 
Research Faci 

Total Texas 

Pnlversity of Uta 

IInnford Works: 
General Elect 

Productio 
Feed Matt 
General F 

Total--. 

hi&s United K 

Fwd Material: 
Gknernl Facili 

~ I'roduction Rq 

Total- -. _ __. 

See footnotes 
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AEC PLANT AND EQUIPMENT BY LOCATION-Continued 

Authorized plant and equipment (in millions) 
I 

,timated 
Zost t o  
omplcte Total 
ms  t ruc- 
on Pro- 
ects ' 2 

$24.8 $933.0 
.7 32.3 

___------ 163.6 
3.7 73.7 
3.5 152.1 

Location and contractor Construc- 
Completed tion Work 

In Prog- 
ress 

soum CAROLINA 

d u ~ o n t  de Nemours & CO. ,  Inc., Aiken 
'ssvm& piver Plant 

production Reactor and Separation Facilities_--- 
Feed hfateri& Production Facility _ _ _ _  _ _ _ _ _ _ _ _ _ _  
npaw Water Production Facilities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

W. 8 
1.1 

1.2 
7. E 

18. E 

'I 
. L  

.. 
I .* 

1. I 
6. ' 
15. 

$899.4 
30. 5 
163.4 
68.8 
161.1 

32.7 1,374.7 

.1 5.7 

.5 3.7 

7.7 833.0 
10.8 597.6 
29.0 365.0 

. 1  10.5 

48.5 I, 615. J 
S- 

6.7 1181 

___-------- 1.6 

6.7 69.7 
i- 

of Tennessee 
Agriculture Research Laboratory and Farm--, j 2.7 

1 1.3 .1 

88:. b 

69.7 

1.5 

a. 1 

5.6 

6.3 

___==5: 

- 
146.2 

4.8 195.8 
. 1  5.4 

- - - - -  .8 

4.9 202.0 

3.6 
. 2  

_ _ _ _ _ _ _ - _ _ _ _  

3.8 

see footnotes at end of table. 
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International Nickel Co., Huntington Pilot Plant,,,-,- 4.7 

wIscossxN 

University of Wisconsln, Madison 

Dairyland Power Cooperative, Genoa 
1. a Research Facilities ____________________~--,------- -- 

Lacrosse Boillng Water Reactor, - - __._-_.___----. 
Total Wisconsin _________,________________________ 

.I 

1.4 - 
PUEETO RICO 

University of Puerto Rico, Mayaguez 
Puerto Rico Nuclear Center _________--- -- ---_- ---- 

Puerto Rim Water Resources Authoritp, Punta 
5.7 

Hlguera 
10.2 

15.9 

Boiling Nuclear Super Heat Reactor- ____-__-_-_--- 

Total Puerto Rico ___________- -__- - - -  ------------ 

JAPAN 

I I 

I 

3.6 

l 

.1 . 3  a. : -- 9 9 9  
5% E 3.9 
v 

$300.0 $686.0 w,mi 

1 Includes capital equipment. 
3 Includes plant and capltal equipment suthorlzed In PubUc L8W 8.9-438, aDDroVOd 
8 Deactlvated and disposed of In August 1868. 
4 Estimated disposal cost. 
8 Deactivated, 

21, lm 

A 
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