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Mound Laboratory 
-- - 

Mound Laboratory (Mound ~ a c i l i t ~ ) '  
ADDRESS: 

LOCATION: 

MISSION: 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET: 

PERSONNEL: 

FACILITIES; 

Historv 

Monsanto Research Corporation1 
Mound 
P.O. Box 32 
Miamisburg, OH 45342 
51 31865-4020 

Miamisburg, Ohio, south of Day- 
ton; 180-acre site2 

The production of non-nuclear 
components of nuclear weapons, 
development of processes for the 
nuclear weapons program, and 
surveillance testing of explosive 
and nuclear components 

GOCO facility operated for DOE 
by Monsanto Research Corpora- 
tion, a wholly owned subsidiary 
of Monsanto Chemical Company. 
Administered by Albuquerque 
Operations Office 

Organization established 1948 in 
Dayton, Ohio; permanent facility 
construction begun 1947 

$216.0 million, (FY 1986) 

2364 (March 1985) 

(see text) 

~ o u n d  Laboratory originated as a technical organi- 
zation in 1943 in Dayton, Ohio, when Monsanto Chemi- 
cal Company's Central Research Department took 
responsibility for determining the chemical and metal- 
lurgical properties of polonium for the Manhattan Engi- 
neer District. Construction of permanent facilities then 
called the Dayton Engineer Works, in Miamisburg, Ohio, 
began in 1947 and buildings were first occupied in 1948. 
The plant was assigned new production and develop- 
ment functions in 1955, and oversight was shifted from 
the Oak Ridge Operations Office.3 

Nuclear Weapons Activities 
Mound produces detonators, cable assemblies, 

explosively actuated timers and firing sets, command 
disable explosive components, and surveillance testing 
equipment. 

1 initially called n.?yror F.nginw Works. 

2 The site wcriootin? thu MinmiEiver is adju~eiH Ju the lwe-.-t uuitical Indian m m d  in 
the state, from which the namti Mound LibWiW Is derlvni. 

a An Introdu~tiou Tu Mound. Monsointo Research CotpoKition, frIiamlebur~, Ohio. A p i d  
1983. 

Figure 29 Aerial View of Mound Facility 

Operations at Mound include disassembly, analysis 
and development of nuclear components containing tri- 
tium, and &covery of wastes.4 ~ r i t i u m  is recovered from 
weapon components at Mound and repurified at Savan- 
nnh R i ~ e r . ~  Mound's work with tritium began in 1954. 

Mound is an integrated production and laboratory 
facility. It fabricates ceramic components for actuators, 
igniters, and detonators; formulates pyrotechnic materi- 
als; and manufactures pyrotechnic devices. New facili- 
ties for the development and production of ceramics 
were constrocted in the late 1970s. 

Laboratories are uniquely equipped for work on tri- 
tium technolorv. radioactive heat sources. diaenostic -, . - 
testing of explosive components, and the separation and 
purification of stable isotopes. 
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Nonweapon Activities 
About 25 percent of the facilities at Mound are non- 

defense. 
Mound provides a large number of enriched stable 

[non-radioactive) isotopes and is the single DOE distribu- 
tor in the United States of stable isotopes for structural 
studies, precision calorimetry, and its applications to 
accurate measurements of the properties of radioactive 
materials. Other uses are in agricultural biology, cryogen- 
ics, geology, and medicine. 

Other major nonweapon activities are the produc- 
tion of thermoelectric heat sources (plutonium-238) for 
the U.S. space program8 and surveillance satellites; 
energy research including solar energy, fossil fuels, and 
thermite [chemical) heat sources; environmental 
research including tritium recovery technology; isotope 
enrichment by chemical exchange; nuclear waste man- 
agement; and work on nuclear materials safeguards for 
the NRC. Current activities Include the recovery of tri- 
tium from aqueous waste and the design, construction, 
and testing of a tritium storage and delivery system for 
the Tokamak fusion reactor at Princeton. 

Facilities 
The original explosive component test facility was 

built in 1957 to support a single weapon system. Three 
additional detonator test cells, each capable of with- 
standing a 10 lb TNT detonation, are under construction 
(starting FY 19841.7 Equipment at Mound includes an 
infrared laser and focusing system, laser welder, and 
positioner; also, volume measuring equipment and an 
environmental test chamber. Mound has a building for 
handling tritium. Analytical capabilities include atomic 
absorption spectrophotometry, infrared spectrometry, 
neutron activation analysis, and electron microscopy. 

Mound has developed techniques for the laser iso- 
tope separation of tritium from aqueous waste and a pilot 
electrolysis system for recovering tritium from water. 
DOE has implemented a program to provide a partial 
backup of the SRP's tritium container filling capability 
by providing functionally similar facilities at the Mound 
Plant. 

Mound has equipment for forming and molding 
plastics and precision machining capabilities for 
fabrication of metal and nonmetal parts. It is implement- 
ing a program for computer aided design and manufac- 
turing (CADICAM). It has a graphics system for 
automated machine tool programming, and computer 
controlled machine tools are being installed for special- 
ized operations. 

Testing and Surveillance 
Studies of new detonator designs as well as tests of 

current production items require the use of flash x-ray 
technology, interferometry, computer data reduction, 
and other advanced diagnostic techniques. Explosive 
components are prepared, detonated, and evaluated in 
the Mound component test facility. This facility, which 
occupies 23,000 square feet in four buildings, is built 
around eight test cells where as many as seventy-five sep- 
arate testing programs are available. 

Surveillance of aged warhead components, many of 
which are returned to Mound for testing after several 
years in the nuclear weapon stockpile, gives component 
designers important information on the long-term relia- 
bility of electrical parts and explosive compounds, Sur- 
veillance, electrical testing, disassembly, and test fire 
data obtained for non-nuclear components of nuclear 
weapons at many locations throughout Mound are rec- 
orded and stored in a central comnuter data base to audit 
the components as they move through the facility. 

Nondestructive testing [NIX) of ultrasonic, eddv 
current, dye penetrant, and leak testing techniques are 
used in the quality control program at Mound. The cali- 
fornium multiplier (CFX) neutron radiography facility 
permits onsite NUT inspection of sealed components. 
The CFX facility, installed in 1977, produces quality 
radiographs previously possible only with a nuclear 
reactor as the neutron source. 

BUDGET' Total 
[$ million): Fy DOE 

1981 87.9 
1982 118.2 
1983 134.7 
1984 161.6 
1985 198.4 
1986 216.0 

DOE Defense 
Programs 

77.3 
89.9 
124.8 
151.3 
186.2 
202.0 

ASSETS Capital investment and equip- 
ment, $116.8 million [FY 1980). 
Ninety-five buildings total 
880,000 square feet of floor space 
(19831. 

fi Thermoelectric -ration in supporl of rim NASA Gulileo program and International 8 An Iiilriiiiucliun ti> Munnd, 0. cit.; Utimatetl costsfrom DO& VV 1936BudgetR~quest 
Solar Polar Mission [ISPht): MAC. FY 191" EWOA, Part 4, p. e75- Ertimatw for Labs/Planl~, Officed the Controller, Febniary 1BB5, pp. 55.56. 

7 KAC, IVY 1985 EWUA, Part 4. p. 324. 
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PERSONNEL? End FY 
1971 

1974 
1975 [Sep) 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 (Mar) 

Total 
Personnel 
1808 
1833 
1830 
1731 
1575 
1567 
1675 
1690 
1714 
1811 
1910 
2060 
2161 
2302 
2364 
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Nevada Test Site (NTS)' 

Figure 30 find r.!!,: l~i-ui^iralun= incufl? ri..ir rag m , ? ~  of canle !!eir.J. Tne irstr-~mcntatio- ra;k I; 11 the lovdi- ~ w ' I U .  S~zs!ci,-n=Â£ LTS- 

N O  w I I transiii: te';i intcr,nnt.i-~n : o  n ~ q r n i ~ t i r .  :-ait-r!. t;ii-b ' ror  P.T- er .,irtcrqroi.nc tests dot : i~  lerdszaps 

ADDRESS: US.  Department of Energy 
Nevada Operations Office 
2753 South Highland Drive 
P.O. Box 14100 
Las Vegas, NV 89114 
702/295-1000 (295-3521, Public 
Affairs] 

LOCATION: Adjacent to Nellis Air Force Base 
and training area, about 65 miles 
northwest of Las Vegas, Nevada; 
1350-square-mile site; ATLAS fa- 
cilities at North Las Vegas used for 
management support, pretest stag- 
ing. and diagnostic activities 

MISSION: Field testing of nuclear weapons 
to determine their effectiveness 
and capability in support of the 

1 Formerly purlof Lie Vugas BcinMiigand Gunnery Range, thenSite Mercury, thenNfi~Btiu 
ProvilmGround. 

nuclear weapons laboratories. The 
NTS is also used by the United 
Kingdom as a test site. 

MANAGEMENT; Administered by Nevada Opera- 
tions Office (see text for list of con- 
tractors] 

ESTABLISHMENT: Chosen as continental proving 
ground in December 1950; first 
nuclear test 27 January 1951 

BUDGET: $484 million, [FY 1986) 

PERSONNEL: 8414 (March 1985) 

FACILITIES: Nuclear weapons testing and diag- 
nostic facilities 
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History 
The Nevada Test Site was chosen as a continental 

proving ground in December 1950. The first nuclear test 
at NTS was conducted on 27 January 1951. The Nevada 
Operations Office (NV) was created and assumed respon- 
sibility for operations and programs at NTS on 6 March 
1962 when nuclear testing became a year-round effort.2 

Nuclear Weapons Activities 
There are two principal types of nuclear weapons 

tests conducted at NTS: weapon-related tests and weap- 
on effects tests (see Volume 11, Chapter Two). 

Testing is conducted during four stages of weapon 
development: primary experimental research, theoretical 
investigations and calculations, component develop- 
ment experimentation, and full-scale proof-testing. Most 
tests involve developmental devices conceived and fur- 
nished by Los Alamos National Laboratory (LANL) and 
Lawrence Livermore National Laboratory (LISL), with 
non-nuclear contributions by Sandia Naitonal Laborato- 
ries [SNL). 

The other major test site activities include support- 
ing Defense Advanced Research Projects Agency 
(DARPA) detection tests and Defense Nuclear Agency 
(DNA) Field Command military effects tests.3 

Nonweapon Activities 
The Nevada Applied Ecology Group, a management 

umbrella for some fifteen organizations, oversees 
research on areas of NTS that were contaminated by 
atmospheric weapons tests. Research is conducted on the 
inventory and distribution of various radionuclides; 
movement of the radioactive materials in soils and by 
resuspension; uptake into plants, animals, and microor- 
ganisms; and modeling estimates of radionuclide uptake 
and resultant radiation doses to humans living in con- 
taminated environments. 

A bioenvironmental experimental farm, operated 
some sixteen years for DOE through an agreement with 
the U.S. Environmental Protection Agency (EPA), was 
used to conduct radionuclide uptake studies on various 
farm animals and crops. The farm was closed on 30 
December 1981. 

The tuffaceous rock at the Yucca Mountain Site. on 
~ ,~ 

and adjacent to the southwest portion of the NTS, is cur- 
rently being examined by DOE as a potential site for dis- 
nosal of merit nuclear fuel hieh-level radioactive waste. " ~ ~ 

DOE proposes to recommend to the president Yucca 
Mountain Site as one of the three candidate sites for site 
characterization in accordance with the Nuclear Waste 
Policy Act. 

~ i ~ r i n q  the l9riOs and through 1973 the Jackass Flats 
area of NTS was used as a ;cst si!c for the Atomic Encrev 
Commission's ROVER nuclear rocket engine develop- 

1 DOE. 1WVs Nmada Operations Off1f-c: IVhm lt DO- and Wh!, mdated, i:. I. 
3 DNA is charged bv the Joint Chiefs of Shfl with the ~espo~sibilitv to conduct nuclear 

teaputis effi-~la tests. 

ment program. In February 1962 this area was designated 
the Nuclear Rocket Development Station (NRDSj. The 
hot cells and remote handling equipment of the Engine 
Maintenance, Assembly, and Disassembly Building (E- 
MAD) at the NRDS site are currently used to prepare 
unprocessed spent nuclear fuel from commercial power 
reactors for surface and subsurface dry storage experi- 
ments. Tests include placement of canned spent fuel in 
granitic rock '1400 feet underground in facilities located 
in the northeastern part of NTS that were used for 
nuclear weapons effects tests in the 1960s. 

Facilities 
Each underground test involves a complex series of 

activities including the manufacture of the nuclear 
device, the drilling of a test shaft to conduct the test, the 
construction of the metal canister that holds the device, 
and the diagnostic equipment associated with a particu- 
lar test, and assembly of the diagnostic equipment. 

A wide array of equipment (over 45,000 items in 
inventory) is located at NTS, including digital equip- 
ment, television cameras, and radiochemical detectors. 

The nuclear devices are provided by one of the 
weapons laboratories. Two device assembly and storage 
facilities, one for LANL and one for LLNL, have histori- 
cally been used at NTS. A project is underway to consoli- 
date these activities at a new Combined Device Assembly 
facility that will be completed in 1989. Funds are 
requestedfor construction of four "Gravel Gertie" assem- 
bly structures, two radiography facilities, three high bay 
areas, three assembly areaslbunkers and one storage area, 
several special nuclear materialihieh-explosive storage 
hunkers (various sizes), two 1ubora t6~ support bnildiies 
for storaee. and an administration buildino. The 3-1-font 
diamete;~ravel Gerties are designed to contain a 500 lb 
HE explosion.4 

Due to the size of the nuclear weapons canisters con- 
taining diagnostic equipment, test shafts are large com- 
pared, for example, to oil and gas wells, which are 
typically less than a foot in diameter. In the early days at 
NTS, small diameter holes were drilled and then wid- 
ened by reaming. A1 NTS bore holes up to 12 feet in 
diameter and thousands of feet deep can be drilled in one 
pass. Examples of big hole drilling today are a 90-inch- 
diameter hole about 6100 feet deep on Amchitka and a 
hole 120 inches in diameter more than 5000 feet deep in 
Nevada. 

The ATLAS facility at North Las Vegas, Nevada, 
serves as an assembly area for diagnostic canisters. Man- 
agement, administrative, and technical support and com- 
puter warehousing is also provided. It is being expanded 
(FY 1985) to handle additional and larger devices and 
canisters. 

4 MAC, PY 1986 EWDA. Part 4, up, 217-23; I1AC. 1--Y I986 LIVIJA, Vsrt 7, P 204 
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Figure 31 Map Showing Location of Nevada Test Site and Nevada 
Test Site Regions 

Management 
The Nevada Test Site is administered by the Nevada 

Operations Office. The major operating contractors for 
DOE are Reynolds Electrical and Engineering Company 
(REEC), a subsidiary of EG&G, Inc. [formerly Edgerton, 
Germeshausen, and Grier, Inc.); Holmes and Narver, Inc.; 
and Fenix and Sisson. REEC is the principal support con- 
tractor. REEC operates the test site and conducts drilling 
for underground tests and minor construction. REEC's 
parent company, EG&G, is also a technical contractor at 
NTS, operates the ATLAS facility in North Las Vegas, and 
prepares diagnostic electronics and other equipment 
used in nuclear tests. Holmes and Narver provides archi- 
tect-engineering services. Fenix and ~ i s i i o n  engineers 
and logs test holes. Westin~house Advanced Energy Sys- 

5 ~ i s u i e s  foi 1984-88 ~stimated tmts. DOE. VV 1986 Budget ~eqw-st. ~siimatesfor ~ a b d  
lants. Office of the Cootroller. 22 February 1985. pp. 59-60. 

B HASC, FV 1884 DOE, p. 299. 
DOE. COCO Empl-t, Cornpuler printout for Office 01 Industrial Relations, R- 
5529309-012,29 August 1985. 

F i m  32 Nevada Test Site Topography 

terns Division operates the E-MAD facility used for com- 
mercial nuclear waste activities. 

BUDGET5 
(5 million): 

ASSETS 

E ~ ~ F Y  ____ E G B G ~  

1975 1192 
1976 ii-80 
1977 1431 
1978 ,519 
1979 1500 
1988 1683 
1981 ,840 
1982 2055 
1883 21Sl 
1984 2300 

1985 [Mar] 2d55 

Total DOE Defense 
F T  DOE Prosrams 

1981 200.2 169.6 

The book value for all facilities at 
NTS (1983119841 is about $400 
million, , with the replacement 
costs in excess of $2 billion.6 

H a b n ~  & Reynolds 
N- u e c l r f c ~ w  

192 1842 3297 
211 188, 3405 
236 1670 34L9 
25B 1740 3817 
247 1760 3607 
274 1918 3996 
351 2209 1509 
367 2422 IflBO 
445 4791 7511 
m 5,5$ ?89 
531 SIM 8414 

8 Includei ail f f iSG Inc. peim-nr. ~ n d e i  ihe NntinUpemtkus OHicoIniludJn~thoeÃ§Â 
.Â¶.bii,uerquir N ~ w  Mtixi.--i. la* Vaw.  N-ivada. S-m Ruiiiun. Ciililur-..m 'iaulu Barbara. 
I . ,  h 4 % .  'Jew McaiC.3. and Wobum. Missacb.iwtti. 
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Oak Ridge Reservation 
ADDRESS: 

LOCATION: 

MISSION: 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET: 

PERSONNEL: 

FACILITIES: 

Oak Ridge Operations Office 
P.O. Box E 
Oak Ridge, TN 37831 
6151576.5454 (Information) 
6151576-1000 (Assistance) 

East central Tennessee, eastern 
Roane County and western Ander- 
son County, adjacent to Oak 
Ridge, Tennessee, which is ap- 
proximately 20  miles (by air) west 
of Knoxville; 37,000-acre site 

Carries out a variety of nuclear 
weapons and nonweapons activi- 
ties for DOE, including uranium 
enrichment 

GOCO site managed for DOE by 
Martin Marietta Energy Systems, 
Inc. 

Selected 19 September 1942 [Site 
X) as site for enrichment of urani- 
nm 

(see specific Oak Ridge facilities) 

16,554 [March 1985) 

.Oak Ridge Gaseous Diffusion 
Plant 
Oak Ridge National Laboratory 
-Y-12 Plant 

History 
 he Conant-Bush report, approved by President 

Roosevelt on 17 June 1942, recommended that a full- 
scale atomic bomb development project be initiated by 
the United States and u ~ c d  that a search for an appropri- 
ate production site or sites for enriched uraniumand plu- 
tonium be undertaken immediately. Shortly thereafter 
the Manhattan Engineer District was organized within 
the U.S. Army carp of F-nginpers under the command of 
then Colonel (later Maiur Gui~urdll Lrslie R Crovcs. The 
decision to locate a development site in East Tennessee, 
code named Site X,1 was made by Colonel Groves on 19 
September 1942.2 

1944. Although plant facilities WRIS r o m p l ~ t d f o r  this processit waslatardiscontinued. 
Afourthmelhcd of separation, the'~"lcitua/~ process, wasortginaiiy considered but law 

Figure 33 Map of the Oak Ridge Reservation and Vicinity 

In the fall of. 1942 the Army's Manhattan Engineer 
District began to acquire 92 square miles (59,000 acres) at 
Site X at a cost of about $2,600,000. One small part of this 
parcel was set aside for residential use and became 
known as the City of Oak Ridge. The remaining land 
became the Oak Ridge Reservation. The land comprising 
the city was sold by the government in the 1950% and 
subsequently the city of Oak Ridge was incorporated. 

The primary mission of Site X (the Oak Ridge Reser- 
ration) was the production of U-235, which was obtained 
by two separation methods: the gaseous diffusion 
method at the K-25 site and the electromagnetic separa- 
tion method at the Y-12 site.3 The first plutonium pro- 
duction reactor, designated X-10, was built at the X-10 
s i t e n o w  the site of the Oak Ridge National Laboratory 
[ORNL).4 It served as a model for the operation of the 
larger graphite reactors (plutonium production reactors) 
constructed at the Hanford Reservation. 

During the Manhattan Project the Y-12 plant was 
operated by Tennessee Eastman Corporation, the gaseous 
diffusion plant at K-25 was operated by the Union Cai- 
bide Corporation, and X-10 (now ORNL) was operated 
first by the Metallurgical Laboratory of the University of 
Chicago and then (after 1 July, 1945) by Monsanto Chem- 
ical Corporation. 

Nuclear Weapons Databook, Volume Ill 65 



Oak Ridge Reservation 

Union Carbide took over the management of Y-12 in 
1947 and ORNL in 1948. Union Carbide also managed 
the Paducah, Kentucky, gaseous diffusion plant begin- 
ning in  1950. In April 1984 management of all of the Oak 
Ridge facilities (including the Paducah gaseous diffusion 
plant) passed to Martin Marietta Corp. 

In 1942 the Stone and Webster Corporation, a prime 
contractor in the plant areas, was given responsibility by 
the Manhattan Engineer District for development of the 
township of Oak Ridge. Skidmore, Owings and Merrill 
designed the town; Stone and Webster was the prime 
construction contractor. 

Nuclear Weapons Activities 
The weapons activities are carried out primarily at 

the Y-12 Plant (see Y-12 Plant). The Oak Ridge Gaseous 
Diffusion Plant [GDP] at the K-25 site, which operated 
until 1985 when it was placed on standby, supplied 
enriched uranium for civil power and research reactors 
and for national defense programs. 

Nonweapon Activities 
Nonweapons research on the reservation is princi- 

pally in the development of energy technologies and is 
conducted primarily at the Oak Ridge National Labora- 
tory (ORNL]. 

Facilities 
There are three major industrial research facilities 

on the Oak Ridge Reservation: 

1, The Oak Ridge Gaseous Diffusion Plant [GDP] 
and the gas centrifuge research and develop- 
ment facilities, all at the K-25 site (see Uranium 
Enrichment Complex) 

2. The Oak Ridge National Laboratory [ORNL) at 
the X-10 site (see belowl, and 

3. The Y-12 plant a t  the Y-12 site [see below). 
Other areas on the Reservation include: 

The Comparative Animal Research Laboratory 
[CARL) (not engaged in  nuclear weapon activi- 
ties) 
The Oak Ridge National Environmental Research 
Park (NERP) 
A 1364-acre southwest portion of the reservation 
was transferred to the custody of TVA as the site 
for the proposed Clinch River Breeder Reactor, 
which was terminated in 1983. The current pm- 
posed use of the site is as an industrial park. DOE 
has proposed to use this site for the Monitored 
Retrievable Storage (MRS) facility that would per- 
form spent fuel preparation and packaging activi- 
ties prior to emplacement in a geological 
repository. 

5 Nuulcoi-News, jflfluaiy ,984, p, r3, 
6 Johntcm and Iackxm, Ci'vflfhind A Fence, pp. 1BB-9. 
7 DUG. COCO EinpluymBiit. Cumpuler printmit for Offim of lnditslridi Reialions, R~ 

5529309-012.29Ang"st 19.95 

Management 
The Oak Ridge Reservation is a GOCO site, managed 

for DOE, as of 1 April 1984, by Martin Marietta Energy 
Systems. Inc., a subsidiary of Martin Marietta Corp. The 
previous contractor was the Union Carbide Corporation 
Nuclear Division (UCCND). Martin Marietta (and previ- 
ously UCCND) operates for DOE the ORNL, Y-12, and the 
,Oak Ridge GDP at Oak Ridge and the Paducah GDP at 
Paducah, Kentucky. Oak Ridge Associated Universities 
[ORAU) operates the CARL, at Oak Ridge, for DOE and 
the Medical Division Programs at ORNL. The Oak Ridge 
Operations Office administers the Martin Marietta and 
ORAU contracts. 

Operating Cost and Fees 
Union Carbide in  its final contract received an $8 

million management fee for managing four facilities at an 
operating cost of about $2 billion annually. The replace- 
ment contractor, Martin Marietta, will operate with a 
cost-plus-award-fee contract arrangement with a base fee 
of $12 million that will reportedly earn Martin Marietta 
as much as $19 million annually.g 

PERSONNEL: 

Date 
May 1945 
Nov 1945 
Jan 1946 
Jun 1946 

1950 

End F Y ~  T-12 - 
1971 8035 

I S M  7155 
1^B5 (Marl 7213 

Oak Ridge 
Reservation 

Employment6 
82,000 (peak) 
51,000 
43,000 
34,000 

'? 

Oak Ridge 
Township 

Population0 
75,000 (peak) 
52,000 
48,000 
43,000 
30,205 

0ther8 Tow1 - - 
11024 
, 2 3 7  
,3,*6 
13175 
14477 
15729 
,6850 
17213 

173.13 
17504 
17145 
,8398 

333 115704 
413 16633 
+27 16534 
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LOCATION: 

MISSION: 

-- - 

Oak Ridge National Laboratory (ORNL)' 
ADDRESS: Oak Ridge National Laboratory . Ion-Solid Interactions Laboratory 

P.O. Box X National Center for Small-Angle 
Oak Ridge, TN 37831 Scattering Research 
615/576-5454 - SHARE Microanalysis Facility 
(OR Operations Office) Oak Ridge Research Reactor 
615/574-4160 High Level Radiochemical 
(ORNL Public Relations) Laboratory 

.High Radiation Level Examina- 
Oak Ridge Reservation X-10 site tion Laboratory 
on 10,270 acres Environmental Sciences 

Laboratory 
A broad based multiprogram insti- .Health. Physics Research Reactor 
tution whose principal mission is Fusion Energy: 
to carry out applied research and Impurity Studies Experiment 
engineering development in fis- (EX-B) Tokamak 
sion, fusion, and other energy International Fusion Supercon- 
technologies and conduct scientif- ducting Magnet Test Facility 
ic research in basic physical and (IFSMTF, formerly known as the 
life sciences. Nuclear weapons ac- Large Coil Test Facility [LCTF)) 
tivities represent a very small frac- Advanced Toroidal Facility 
tion of the ORNL research effort. [AW-I) scheduled for 1986 

.Elmo Bumpy Toms [EBT-B) 
MANAGEMENT: GOCO facility operated for DOE proof-of-principle [scheduled 

by Martin Marietta Energy Sys- 1987) 
terns, Inc. History 

The Oak Ridge Reservation was established in 1942 ' 942 as pa* Of Man- as part of the Manhattan Project [see Oak Ridge Reserva- hattan Project. 
tion]. By early 1943, Clinton Laboratories (now ORNL) 

BUDGET; $391,1 total lab funding had been set up to engage in plutonium research, and 
[FY 1986) construction had begun there on a pilot plant to gain 

experience in plutonium production and chemical sepa- 
PERSONNEL: 5045 (March 1985) ration, prior to full-scale operation of facilities at Han- 

ford.2 The Clinton pile3 (originally designated X-lo), the 

FACILITIES: Major nonweapon facilities for first true plutonium production reactor, started operating 
both basic science and fusion re- on 4 November 1943.4 Built by duPont and designed for a 

search. thermal power of 1000 kilowatts, the air-cooled, graph- 
Basic Science: ite-moderated, and natural uranium fueled reactor soon 
.High Temperature Materials exceeded design goals, operating at 1800 kilowatts and 
Laboratory higher after May 1944.5 

-Holifield Heavy Ion Research The plutonium separation plant at the Clinton Labo- 

Facility ratory site received its first batch of irradiated slugs from 
.High Flux Isotope the Clinton pile in December 1943. By February 1944 the 
suranium Processing Plant plant was receiving one-third ton of fuel per day, and by . ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~  I~~~~~~ separa- March 1944 several grams of plutonium had been =pa- 

tions Facility [Calutrons] rated for research purposes.6 The separation plant con- 
.Oak Ridee Electron Linear sisted of a series of adjacent cells with thick concrete 
Accelerator walls, forming a continuous shuctu- "canyonw-100 
Neutron Scattering Facility feet long and two-thirds submerged into the ground. 

.Atomic Physics EN-Tandem 
Accelerator 
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Work was performed by remote control behind thick 
shields,' This canyon was the model for future process- 
ing plants. 

Nuclear Weapons Activities 
ORNL conducts several activities for DOE Defense 

Programs. The major effort is in three areas: (I] manage- 
ment of wastes generated at OWL, (2) development of 
technology for managing low-level and transuranic radi- 
oactive wastes, and (3) materials production involving 
administration of the national repository for U-233 and 
conversion of 100 kg of uranium from a liquid to an inert 
solid. ORNL also conducts research on verification and 
control technology. This work focuses on the develop- 
ment of improved equipment and methodology for iso- 
topic analyses of elements of interest to arms control 
verification and safeguards (e..e., plutonium, uranium, - . -  - 
and thorium). 

Although a non-weauon activitv. the ORNL U-233 
Program is iresponsibiliG of the 0ffke of Nuclw Mate- 
rials Production. The U-233 program encompasses sev- 
eral tasks, including U-233 scrap recovery and operation 
of the U-233 National Repository, and installation and 
operation of a facility to convert 1000 kg of uranium [U- 
235/U-233 in solution) from liquid to solid (Consolidated 
Edison Uranium Solidification F'rogam to be completed 
in FY 19871 The ORNL Materials Production program is 
also responsible for the DOE inventory of Am-241 and in 
EY 1986 the Californium Industrial SaleslLoan Program 
will be transferred from the Savannah River Laboratory 
to OWL (see below). Since FY 1985 ORNL has been pur- 
suing several initiatives as part of the President's Strate- 
gic Defense Initiative, These efforts fmus on the design, 
dwelopment, and evaluation of space-based power sys- 
tems, the development of negative particle sources with 
directed energy applications, and support in the devel- 
opment of radiation-hardened, passive optical compo- 
nents. 

Nonweapon Activities 
The principal OWL program activities ace in 

nude= power development and magnetic fusion 
research. ORNL also plays an important mle in other 
areas of energy research including conservation, fassil 
fuels, biomedical and environmental sciences primarily 
as they relate to energy production. ApproximateIy seven 
percent of the ORNL effort is in support of the NRC. 
OWL performs work for DOD and other federal agen- 
cies. OWL research for the Army primarily involves 
physical, chemical, and taxicotogical characterization of 
chemicals. For the Navy OWL conducts R&D and per- 
forms analyses related to data systems improvement, 
instmmentation, materials, fuel supply and use, energy 

conservation, and waste disposal. Air Force activities 
include the development of new .mathematical alge 
rithms appropriate to pipeline, vector, and array proces- 
sors, the study of swift atom-solid collisions, hazardous 
waste site ass&ments, preparation of radiulu~ninescent 
lights for rc~notc airfields. and develo~rnent of slection - 
criteria for insulating matLria1s. 

ORNL is engaged in the manufacture, production, 
and sale of radioactive and stable isotopes that are not 
available from the private sector. This activity was 
originated in 1946. It includes the sale of tritium (in gram 
quantities] and hyproduct materials (e.g., califor~um) 
produced at Savannah River. 

Management 
ORNL is a GOCO facility, operated For DOE, as of 1 

A ~ r i l  1984, bvMartin Marietta Energv Svstems, Inc. The 
p&vious conkactor was the Union carbide Corporatiou 
Nuclear Division (UCCND]. The Oak Ridge Operations 
Office administers the ORNL contract for DOE under the 
s u p e ~ s i o n  of the Diredor of the Office of Energy 
&search. During its initial Manhattan Project history, 
Clinton Laboratori~s (now ORNL) was managed by the 
Metallurgical Laboratory of the University of Chicago. 
Monsanto Chemical Corporation took over $he manage- 
ment on 1 July 1945, followed by Union Cabide in 1948. 

LAB ACTIVITIES 
BY PROGRAM 
(EY 1985):0 DOE 

Energy Research 41% 
Nuclear Energy 10% 
Conservation & 

Renewable Energy 6% 
Defense (Waste 

Programs] 9% 
Other DOE 9Yo 

NRC 7% 
Doll 
Other Agencies 

7 &Id., p. 143, 
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Oak Ridge National Laboratory 

BUDGET9 
[$ million]: 

ASSETS 

Total 
o m  

Operating 
107.0 
107.6 
110.3 
113.9 
148.2 
229.1 
224.8 
256.7 
314.1 
369.8 
384.9 
334.6 
380.0 
353.6 
393.6 
391.1 

Defense 
Programs 
(ASDP] 

Operating 

1.9 
3.6 
7.5 

11.3 
13.8 
21.3 
19.7 
22.5 
32.4 
35.7 
37.4 
42.4 

* lg76 was a 15-month fiscal year. 

Capital Investment Equipment es- 
timated to be $540 million.10 

PERS0NNEL:'l End FY 

1974 
1975 [Sep] 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
lg85 (Mat] 

Total 
Personnel 

2750 
2783 
3077 
3490 
4849 
5872 
6333 
6275 
6177 
6031 
5236 
4527 
4313 
5102 
5045 
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Y-12 Plant 

Figure 34 Aerlal View OF Y- I2  Plant 

ADDRESS: Y-12 Plant MISSION: 
P.O. Box Y 
Oak Ridge, TN 37831 
61515764454 [Information) 
615/576-1000 (Assistance) 

WCATION: The plant is situated in Bear Creek 
Valley at the eastern boundary of 
the O d k  Ridge Reservation. The Y- 
12 Plant site contains a total of 
3420 acres, the inner industrial 
plant complex covers 600 acres, 
surrounded by buffer of approxi- 
mately 2820 acres' 

The Y-12 Plant has four p r b ~ i p a l  
missions: 
-Production and fabrication of 
weapons components and subas- 
semblies, including parts and 
test devices for the weapon de- 
sign laboratories 

-Processing OF source and special 
nuclear materials 
Support of the three other plants 
operated for DOE by Mnrtin Mar- 
ietta Energy Systems, Inc. 

-Support of other federal agencies 
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Y-I 2 Plant 

Figure 3!i Location of Facllicfes a t  the Y-I 2 Plant 

MNAGEhENT: GOCO facility operated for DOE PERSONNEL: 7213 ( M m h  1985) 
bv Martin Marietta Enerw Svs- ... . 
t&s, Inc. Contract administered F A ~ L - ~  Chemical processing buildings 
by the Oak Ridge Operations Of- - Laree machine shoos 
fice acting for the Albuquerque 
Operations Office 

ESTABLISHMENT: First production building put into 
use 27 January 1944 

~ab&atoria 
Maintenance buildinas . ". 
Support fa=i'litie$ 
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Y-I 2 Plant 

Figure 36 Enr~ched U~anium Button Figure 37 Filament W'hdinu on Reentry Body 

BUDGET2 
($ million): 

1971 

Defense ASSETS The Y-12 plant and auxiliary f a d -  
Programs ities include approximately 300 

ASDP buildings plus several disposal 
104.1 sites. Capital investment and 
111.0 equipment, $671.0 million [FY 
105.3 1980). 
90.3 
92.0 

104.2 
118.2 
123.2 

* 1976 was a 15-month fiscal year. 

~ -- 

z o w ~ ~ ;  o a k  h d w  m~atimsmiee, as fehwars m a ~  mws19a+.8a ~ ~ m a d  ~ U S *  

hm rnE FY ma* B U ~ ~ ~ R ~ ~ U C *  ~ I ~ c ~ ~ ~ ~ c ~ ~ o I ~ ~ ,  22 
P b w  1985. DD. 98~99. 
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Y-12 Plant 

Table 7 
Estimated Receipts of Recycle Materials a t  the Y-12 Plant [kg Ul 

F i d  V u r  
1953 
1954 
1955 
1956 

ICPP 

101 
21 7 
620 
744 
797 
898 
3741 
769 
0 

775 

Total 
101 
217 
631 
744 
998 
1156 
401 1 
71 64 
2305 
3476 

TOTALS 
[FY 1953-641 

a Includes the 3-mantfi transition quarter 

Source; DUE, oak ~ i d g a  operetinns Office, "me ~eport of tihe ~ o i n t  ~ a s k ~ o r c e  on Uranium Recycle Materials Processing," DDEIOR-35s. 1985, p. 43 

PERSONNEL: 
End FY 

Jan 1944: 
1945: 
1971s 
1972 
1973 
1974 
1975 [Sep] 
1976 
1977 

Total Personnel 
13,5003 
22,0004 
6835 
6413 
6131 
5423 
4718 
4759 
5054 

End FY 
18 78 
1979 
1980 
1981 
1382 
1983 

Total Personnel 
5242 
5456 
5716 
6257 
6725 
6943 

1884 
1985 (Mar) 

3 ERDA, "Oak R^dgeDperations p. 21). 5 DOE. COW Employment, Computer priiHout for OlIics of Indu.itridi Rnlationsi, R- 
4 Charles W. Johnson and Charles0. Jackson. CilyBriiind A Fence.Oak Ridee,Tennessee, 5529309-012.29 Au~ust  1985. 

1342-IW, (Knoxville: The University of Tennessee Press, 18011, p. 24. 
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Lithium Enrichment Facility 

Lithium Enrichment Facility 

Figure 38 Lithium Enrichment Facility 

ADDRESS: (see Y-12 Plant) 

LOCATION: Y-12 Plant 

MISSION; Separations operations for the 
large-scale production of lithium- 
6 (enriched lithium) for the ther- 
monuclear weapons program. 

ESTABLISHMENT: 1950. 

Lithium Enrichment Plants 
AEC-owned facilities for lithium enrichment were 

constructed and operated at the Y-12 plant in the 1950s 
and early 1960s. The first lithium enrichment facility, a 
demonstration plant, went into operation at Y-12 in 
1950. Large scale lithium separation activities took place 
between 1950 and 1963 utilizing a total of eight demon- 
stration, pilot, and production plants. The plant also pro- 

duced 99.97 to 99.99 percent pure Li-7 for commercial 
sale. Production ceased in 1963, with the remaining 
plant placed on cold standby. 

Chrono1ogy:l Operated building 9733-2 devel- 
1950,1951: opment facility for Elex (Electrical 

Exchange) Process 

1951,1952: Operated building 9733-1 devel- 
opment facility for Orex [Organic 
Exchange) process. 

Sep 1951 thru Operated building 9201-2 pilot 
1955: plants for Elex Process and Colex 

(Column Exchange) Process. 

Apr 1953 thru Operated building 9201-2 pilot 
May 1955: plant for Orex Process. 

1 M Y  i v ~ i i t o r v  o f ~ . 1 2 ~ i a n t  l a m  thrrnieh 1~77(1hr1aesifi&d version]." unionat- 
bids N'ncle?r Uivislou, Oak 1Uiine. 'IN. lune 1977. 
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Lithium Enrichment Facility 

1953 thin Spring 
1956: 

Jan 1955 thru Feb 
1959: 

Dec 1962 thru May 
1963: 

Jun 1955 thru Dec 
1962: 

Mar 1957 thru 
May 1962: 

1963 to Present: 

Feb 1984: 

Operated building 9204-4 Elex 
Production Plant. 

Operated building 9201-5 Colex 
Production Plant. 

Resumed partial operation of 
9201-5 Colex Plant for a lithium-7 
production run. Produced several 
thousand kilograms of 99.99% Li- 
7 for public sale.2 

Building 9201-5 [Colex Produc- 
tion Plant) stripped of process 
equipment. 

Operated building 9201-4 Colex 
Production Plant (similar in de- 
sign to 9201-5). 

Operated building81-10 facility to 
recover mercury from solid 
wastes, primarily lithium carbon- 
ate and powdered graphite filter 
solids. 

Plant (probably 9201-4) on cold 
standby. 

DOE requests funds to decommis- 
sion lithium enrichment facility. 

Schedule 
The plant [probably building 92014 Colex Plant) is 

in "standby" condition: "Y-12 will continue to maintain 
the lithium enrichment plant in standby as sufficient 
lithium inventory currently exists."3 DOE has requested 
funding (FY 1985 Budget Request) to decommission the 
lithium enrichment facility.4 

Process Description 
The Colex Process was ultimately the one usedin the 

lithium production plants at Y-12. It involves the separa- 
tion of lithium isotopes [lithium-6 from lithium-7) by 
exchange between lithium amalgam and an aqueous 
solution of lithium hydroxide. The lithium-7 is concen- 
trated in the amalgam phase.5 Large quantities of mei- 
c u y  were required for operation, particularly during the 
years 1955 through 1958. 

4 HAV, I'Y 1983 EWDA, Part 4. v, 334. 
s Mason Banedirt, Thomas H- T-iafotd and tuns Wolleaim Levi, Nuuleur Cliemi~alEnei- 

eeriiiK [PitiWYork: McGraw Hill, T I B H ,  pp. 63% 641, B i n .  
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Pantex Plant 

Pantex Plant (Amarillo Plant) 

Figure 39 Aerial View of Pantex Plane 

ADDRESS: Mason and Hanger-Silas Mason 
Co. Inc. 
P.O. Box 30020 
Amarillo, TX 79177 
806/381-3000 (DOE Field Office) 
806/381-3802 (Mason and Hanger) 

LOCATION: Carson County, Texas, about 17  
mites northeast of Amarillo and 
16 miles west of Panhandle, Tex- 
as, on north side of Highway 60; 
9100-acre site 

MISSION: Manufacture of high explosive 
(HE) components for nuclear 
weapons, and the final assembly 
and the disassembly of nuclear 
weapons. As an assembly facility 
it performs three major opera- 
tions: (1) production of new nu- 
clear weapons for delivery to 
DOD, (2) maintenance, modifica- 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET: 

PERSONNEL: 

tion, and quality assurance testing 
of nuclear weapons already in the 
stockpile, and (3) disassembly of 
nuclear weapons retired from the 
stockpile. 

GOCO facility operated for DOE 
by Mason and Hanger-Silas Mason 
Company, Inc., of Lexington, Ken- 
tucky; under management of the 
Albuquerque Operations Office 

1942 [Pantex Army Ordnance 
Plant); 1951 (Pantex Ordnance 
plant operated by AEC); Septem- 
ber 1963 (complete control trans- 
ferred to AEC] 

$198.1 million (FY 1986) 

2749 [March 1985) 
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Pantex Plant 

Figure 40 Map Showing Location of Pantex Plant 

FACILITIES: -High Explosives Fabrication and 
Weapon Assembly/Disassembly 
facilities 

.Temporary Holding facilities for 
HE and weapons 
High Explosive Research and De- 
velopment Area 

-Firing Sites for HE quality assur- 
ance tests and HE R&D 
Burning Ground for disposing of 
scrap HE 

- - 
Inert Assemblv and Test Facilitv 
(FY 1986) 
A radiographic bay housing an 8 
MeV linear accelerator 

History 
The Pantex Army Ordnance Plant was constructed 

in 1942 and during World War I1 was operated by the 
Army Ordnance Corps as a conventional ammunition 
shell and bomb loadingfacility. It was closed in 1945 and 
all production equipment removed. In 1949 the 14,954- 
acre installation was transferred by the War Assets 

Administration to Texas Tech University for use as an 
aericulture station. However. in 1950 the AEC dpiided tu 
duplicate operations at its 1owa Ordnance at Burlington 
(used for nuclear weapons operations 1947-1975) and in 
1951 selected the Pantex location for this purpose. A por- 
tion of the original Pantex site and the existing facilities 
were returned to the government, and in 1951 the AEC 
began operation of the Pantex Ordnance Plant as a chemi- 
cal explosives fabrication and nuclear weapon assembly 
plant. By late 1952 extensive construction and rehabilita- 
tion activities were completed. 

The Army had responsibility for high explosive 
fabrication at both Pantex and Burlington prior to 1963. 
Direct control of all operations and facilities at the two 
sites was transferred to the AEC in September 1963, and 
their names were officially changed to the Pantex Plant 
and the Burlington AEC Plant. 

In the 1960s and 1970s operations at the plants in 
Clarksville, Tennessee, and Medina. Texas, and at the 
Burlington Plant were consolidated at Pantex. 

Nuclear Weapons Activities 
Pantex fabricates the non-nuclear high explosive 

(HE) components of nuclear weapons. It assembles these 
together with prefabricated nuclear and non-nuclear 
components, received mainly from the other DOE plants 
of the warhead production complex, into finished 
nuclear weapons.1 Pantex also assembles inert or mock 
nuclear weapons used in firing test programs and drop 
test programs. These Joint Test Assemblies (JTAsI con- 
tain no fissilematerial and no significant quantity of high 
explosive but otherwise approximate a war reserve 
weapon. A JTA unit is comprised of war reserve weapon 
components, plus one or more subassemblies (such as 
telemetry units) substituted for critical components. 

New chemical HE materials are not usually pm- 
duced at Pantex but are purchased from the Army or 
commercial suppliers and processed at Pantex in manu- 
facturing operations such as casting, pressing and 
machining to components of the desired density and 
shape. Pantex does manufacture and assemble stock HE 
components for DOE and DOD testing and training pm- 
grams. 

The Pantex Plant also conducts research and devel- 
opment work on high explosives to support weapon 
design and development programs at the DOE weapon 
laboratories. No nuclear materials are involved. 

Facilities 
The manufacturing area contains more than 100 

buildings. It has facilities for mixing, pressing, and 
machining high explosive (HE) materials into desired 
solid shapes, as well as for the machining of plastics and 
metals. In early years, most of the HE parts were formed 
bv castine after the HE bad been melted bv steam. With 

in weapon design and production technology. 
HE fabrication .graduallv evolved from molten casting to 

DOE, PEIS, Panmx Plant Site. DCfE/EIs-o~~~,October 1U83 

Nuclear Weapons Databook, Volume I l l  77 



Pantex Plant 

Figure 41 Aerial View of Assembly Bays 

precision machining of the explosive shapes needed in 
newer weapons,Z 

Subassembly operations involve HE preparation, the 
mating of two or more HE parts, or joining of HE parts to a 
case or liner. These operations, which involve exposed 
HE but no radioactivematerials, are conducted inA"sub- 
assembly bavs"-snuare reinforced concrete rooms. sea- < ,  . 
arated and coveredby earth and designed to prevent an 
explosion from causing a sympathetic explosion in an 
adjacent bay. Typically, asubassembly bay is designed to 
provide for up to 300 lb HE in each bay.3 There are 
twenty-four subassembly bays at the Pantex Plant (March 
19841.4 

In "assembly cells" the HE parts are mated with fis- 
sile nuclear components of a nuclear implosion weapon, 
and the entire HE/nucIear material unit is encased in a 
protective shell or liner, generally stainless steel, alumi- 
num, or titanium. The entire encased unit is called a 
"physics package." The cells (called "Gravel Gerties") 
are designed to prevent the spread of radioactivity. All 
weapons assembly work involving exposed HE and radi- 
oactive material is conducted in assembly cells. There 
are nine assembly cells in operation (seven built in the 
1950s and 1960s. two just completed, and four under 
construction (March 19841). In an assembly bay, compo- 
nents are added to the physics package to complete the 
assembly of a weapon. Assembly bays, structurally simi- 
lar to subassembly bays, are designed to vent through the 
roof and withstand pressure from an explosion in adja- 
cent bays. 

Beginning in the third quarter of FY 1987 a total of 
forty subassembly bays will be required. Based on future 

2 HAC,FY l!)B5EWnA,Part4, p. 251. 
3 Ibjd., p. 314, 
4 Bid. p. 315. 
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Figure 42 Igloos at Pantex 

weapon production workload projections (beyond FY 
19871, it is anticipated that a total of sixty subassembly 
and assembly bays will be required to support a five-day- 
per-week, two-shift-perday operation. Therefore, site 
planning for the sixteen subassembly bays will include 
provisions for a 36-unh complex.5 

The reliability assurance program for nuclear weap- 
ons and the research and development work on high 
explosives for DOE require laboratory facilities for 
destructive and nondestructive testing. This work 
employs techniques for accelerated aging of materials, 
neutron radiography, measurement of chemical and 
physical properties, and test firing. 

The Temporary Holding area is a safe and secure 
place for high explosives and nuclear materials not being 
worked on. "Igloos" (earth-covered, bunker-like struc- 
tures] temporarily hold the hi& explosives and nuclear 
weapons (see Figure 42). 

FY 1983 funding was requested for a radiographic 
bay with an 8MeV linear accelerator and a damaged and 
disabled weapons disassembly facility.= 

Management 
Pantex is a GOCO facility operated for DOE by 

Mason and Hanger-Silas Mason Company, inc., of Lex- 
ington, Kentucky. The Office of Military Application 
under the ASDP is responsible for the program direction. 
Tins rcspoiisibilily has bc'eii delegated to  the Albuquer- 
nue Oneratinns Office. which also administers the DOE 
contract with Mason and Hanger-Silas Mason. Mason 
and Hanger-Silas Mason performed the rehabilitation of 
the portion of the old Pantex Army Ordnance Plant in 

5 thid. 
G I-IAC, FY 1903 L W A ,  Part 4, pp 180.5. 



Pantex Plant 

1951 (see History, above) and the Army Ordnance Corps 
contracted the services of Procter and Gamble Defense 
Corp. to operate the plant initially. Mason and Hanger- 
Silas Mason was selected by the Army Ordnance Corps to 
operate the plant on 1 October 1956. 

BUDGET' DOE Defense 
($ million): FY Programs 

1981 79.3 
1982 140.3 
1983 131.8 
1984 147.3 
1985 190.4 
1986 198.0 

ASSETS Capital Investment and equip- 
ment, $102.9 million (FY 1980). 
The facilities at the Pantex Plant 
include some 288 buildings total- 
ing approximately 1.5 million 
square feet of floor space (1976).8 

FY (end) 
1971 
1972 
1973 
1974 
1975 [Sep] 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 (Mill) 

Burlineton 
1697 1106 
1748 1105 
1743 1133 
1817 689 
1896 closed 
1792 
1820 
1889 
2100 
2225 
2306 
2517 
2603 
2732 
2749 

Figure 43 Assembly Bay a t  Pantex 

7 UU~I~YS; riuurea 19B1.BE) ~ ~ l i ~ t r t ~ d  -19 from WE. FY 1986 ~ ~ d ~ e t  ncqucst listimatm 9 DOR, GOCO ~ ~ ~ ~ i y ~ ~ t ,  computer printout for office foduirtrial ~ & l a t k m ~ .  H- 
far i.iibafPlanl.s. Offinn ofthi! Controller.23 Frhmiiry 1965, p. 3, 55293U9-WA, 'Â£ AUKUBL HBi, 

6 ERDA, Eiwimi~ii~iilal AtsesBmHill Panbx PlaM, lunc 1976. y. 1-7. 
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Pinellas Plant 

Figure 44 Aerial View of Pinallas Plant 

ADDRESS: General Electric Company 
Neutron Devices Department 
P.O. Box 2908 
Largo, FL 34294 
8131541-8173 

LOCATION; Central Pinellas County, about 
midway between St. Petersburg 
and Clearwater, Florida; 96.9 acre 
site 

MISSION: Manufacture neutron generators 
and other special electronic and 
mechanical components of nucle- 
ar weapons 

MANAGEMENT: GOCO facility operated for DOE 
by General Electric Company (Nu- 
clear Division), under manage- 
ment of Albuquerque Operations 
Office 

ESTABLISHMENT: Construction began in 1956, with 
production operations in 1957 

BUDGET: $138.6 million (FY 19861 

PERSONNEL: 1926 (March 1985) 

FACILITIES: Ultra-high vacuum tube 
processing 
Thin metallic film evaporation- 
deposition-hydriding 
High-voltage subcomponents 
printed circuit boards and other 
electronics manufacturing 
Ceramic metalizing 

-High-voltage encapsulation 
Glass working 
Specialty brazing 
Assembly, testing, and resin en- 
capsulation facilities for high 
voltage components 
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Nuclear Weapons Activities 
The Pinellas Plant is responsible for the production 

of components for nuclear weapons. Such components 
include neutron generators and their associated powel 
supplies, thermal batteries, specialty capacitors and 
switches, and other special electrical and electronic com- 
ponents. The generators are designed at Sandia Laborato- 
ries. They are about the size of a fist, and are used to 
initiate the fission chain reaction in nuclear weapons. 
Neutron generator development was formerly carried out 
by GE in Milwaukee, but in 1966 these activities were 
t r a n s f e d  to Pinellas.1 

Pinellas also manufactures neutron detectors. 
radioisotopically powered thermoelectric generators 
(RTG] using heat sources of plutonium typically encap- 
sulated in metal (each capsule containing a few grams of 
plutonium-238 oxide) produced at the Mound Labora- 
tory, lightning arrestor connectors to protect nuclear 
weapons in the field from lightning, thermopiles, speci- 
ality capacitors and switches, and sophisticated product 
testers. 

All activities at Pinellas are related to the production 
of nuclear weapons, 

Facilities 
The processing of tritium (tritium is used in neutron 

generators) and the handling of encapsulated Pu-238 
heat sources are involved in making some end products 
that are produced in relatively small quantities. These 
products generally require highly developed technolo- 
gies and must meet high quality standards. 

Manufacturing technologies at Pinellas include 
ultra-high vacuum tube processing, thin metallic film 
evaporation-deposition-hydriding, bigh-voltage subcom- 
ponents, printed circuit boards and other electronics, 
ceramic metalizing, high-voltage encapsulation, glass 
working, and specialty brazing. There are facilities for 
assembly, testing and resin encapsulation of components 
to withstand high voltage operation. Thermoelectric gen- 
erators are assembled in glove boxes to protect against 
leakage of plutonium and provide a super dry environ- 
ment. 

Management 
The Pinellas Plant is a GOCO facility operated for 

DOE by the General Electric Company [Nuclear Divi- 
sion), Construction of the Pinellas Plant by the General 
Electric Company was begun in 1956 and 1957. Shortly 
thereafter the AEC exercised an option to purchase the 
plant from GE, which continued tooperate the plant as a 
GOCO facility. Thn Office of Military A~~l ica t io t I  under 
the ASDP i s  responsible for direction. This 
responsibility has been delegated to the Albuquerque 
Operations Office, which also administers the DOE con- 
tract with GE. 

BUDGET' 
($ million): 

DOE Defense 
FY Programs 
1981 61.9 
1982 80.8 
1983 94.0 
1984 122.8 
1985 137.9 
1986 138.6 

ASSETS Capital Investment and equip- 
ment, $388.0 million (FY 1980). 
Nine buildings cover almost 
400,000 square feet. 

PERSONNEL? End FY 
1971 
1972 
1973 
1974 
1975 [Sep] 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 (Mar) 

Pinellas (GEl 
1260 
1243 
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Rocky Flats Plant 

Figure 45 Aerial View of Rocky Flats Plant 

ADDRESS: Rockwell International 
Energy Systems Group 
P.O. Box 464 
Golden, CO 80401. 
303/966-7000 
3031966-7863 [Public Affairs) 

LOCATION: Between Golden and Boulder, 
Colorado, about 21 miles north- 
west of Denver; 6551-acre (11- 
square-mile) site 

MISSION: Fabrication, assembly, and quality 
testing of radioactive and 
nonradioactive components, in 
the pits1 of nuclear weapons 

MANAGEMENT; GOCO facility operated for DOE 
by Rockwell International, under 
management of the Albuquerque 
Operations Office 

Source. DOE. 

ESTABLISHMENT: Plant construction began 1951 and 
operations began 1952. 

BUDGET: $484.9 million (PY 1986) 

PERSONNEL: 5991 (March 1985) 

FACILITIES: Numerous facilities for plutonium 
processing and plutonium, urani- 
um, and beryllium fabrication 

Nuclear Weapons Activities 
At Rocky Flats all plutonium fabrication, pit assem- 

biy, surveillance, and pit disassembly following retire- 
ment is conducted for the nuclear warhead production 
complex. Rocky Flats also has sole responsibility within 
the integrated production complex for recovery of pluto- 
nium and americium (by chemical processing) from 
weapon retirement and fabrication-process residues 
(scrap). The plant is engaged primarily in metal produc- 

1 Tbo"pit"in thiitpart~f animplosion t y p B f i s s i o n  weapon ortis~i"" triwof itBetmonii- 
el& weaflun in-fide theiliemical llifth exclusive m~krlml.  
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Rockv Flats Plant 

L 

Fgum 46 Location of Rocky Flats Plant within a S m i t e  radius 

tion and chemical processing, with heavy emphasis on 
production-related research. Production activities 
include fabrication of plutonium and uranium alloy and 
the fabrication and assembly of conventional metal com- 
ponents. 

Rocky Flats manufactures the plutonium parts of 
nuclear warhead cores, uranium and beryllium tampers, 
and special stainless steel components, including tritium 
reservoirs (storage bottles) and other nuclear warhead 
components.2 The plant fabricates other component 
parts of beryllium metal, plus the thin shellstcans to con- 
tain plutonium parts and other nonfissionable metallic 
pit components. The plant also fabricates depleted ura- 
nium components (tampers) and has the capability to 
fabricate components of enriched uranium and U-233. It 
fabricated some HEU components until mid-1965 when 
these activities were transferred to the Y-12 plant where 
similar work was being done. 

The plant conducts applicable research and pro- 
vides development support to the weapon laboratories in 
its area of expertise. Emphasis is placed on specialized 
areas of technology, such as plutonium materials, pro- 

Figure 47 Glove Box Area, Rocky Flats Plant 

cesses, and handling, for which the plant is uniquely 
equipped. 

Facilities 
Plutonium ingots are processed through metallurgi- 

cal operations involving reduction, rolling, blanketing, 
forming and heat treating. Chemical operations include 
purification of plutonium and beryllium (scrap recovery) 
and a unique capability for extracting and purifying 
americium-241 from plutonium for shipment to an iso- 
tope storage and distribution center in Oak Ridge for sub- 
sequent industry-wide use. A new Plutonium Recovery 
and Waste Treatment Facility at Rocky Flats began pro- 
duction in March 1982, Plutonium scrap generated at 
Rocky Flats and all plutonium from weapons retirements 
is processed in this facility. 

Plutonium processing and metal production is con- 
ducted in a multi-building complex centered around 
Buildings 371, 771, and 776. Building 371 [formerly 
referred to as the Plutonium Recovery Facility) conducts 
clcctrorefining [pyrochcmical plutonium metal purifica- 
tion). calcination of direct nxide redurtion fwd. and a 
variety of packaging, storage, and nondestructive assay 
activities. Building 371 also houses a new aqueous pro- 
cess which has not operated satisfactorily. Building 771 
conducts aqueous processing, provides primary recovery 
and purification of plutonium residues, nondestructive 
assays, and a variety of packaging, research and develnp- 
ment, and laboratory activities. Building 776 conducts 
pyrochemistry processing~purification, of plutonium 
via pyrochemistry~americium removal, plutonium 
oxide reduction to metal, and waste packaging and incin- 
eration activities. Building 374 and 774 are liquid waste 
processing facilities associated with Buildings 371 and 
771, respectively. 
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Figure48 Handling Plutonium "Button" in "Dry Box" 

Plutonium processing and fabrication is generally 
conducted in glove boxes.3 Plutonium ingots and parts 
are stored in closed containers in vaults. Fabrication of 
warhead components includes subcomponent forming 
and joining, plus inspection and verification testing of 
finished components. A new hot isostatic press for beryl- 
lium technology applications, for pressing special 
shapes and for bonding dissimilar metals was requested 
(FY 1985 budget).* 

Equipment exists for rolling, conventional forming, 
hydroforming, high-energy-rate forming, extruding, heat 
treating, shearing, machining, electroplating, and 
inspecting of many kinds of nonradioactive metals. Non- 
nuclear manufacturing is performed in two major build- 
ings~Building 881 (Manufacture and General Support 
Building) and Building 444 (Production Shop). 

Specialized support activities at Rocky Flats include 
accountability, safeguards, health, safety, environmental 
protection, and waste management. 

Management 
The Rocky Flats Plant is a GOCO facility operated for 

DOE by Rockwell International, which assumed opera- 
tion of the plant from Dow Chemical on 1 July 1975. The 
Office of Military Application under the ASDP is respon- 

3 WK.ITIS, RotkyFlats P~~~~SÃˆC.DOE:EIS.OOB~ April 1tl80,Voliimn 1, pp. 2.9910 2-105. 
1 HAC. FY -lfl85 &mi&, Part+. p. 233. 

Figure 49 Beryllium Foundry, Rocky Flats Plant 

sible for program direction. This responsibility is dele- 
gated to the Albuquerque Operations Office, which also 
administers the Rockwell contract with DOE. 

BUDGET' DOE Defense 
($ million): Fy Programs 

1981 174.7 
1982 240.6 
1983 308.4 
1984 394.8 
1985 465.6 
1986 484.9 

Total 

187.3 
245.6 
312.9 
398.3 
467.7 
484.9 

ASSETS There are more than 2 million 
square feet of building floor space 
in over 100 structures at Rocky 
Flats. Capital investment and 
equipment, $422.9 (FY 1980). 
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Figure 50 Plutonium Recovery Area. Rocky Flats Plant 

PERS0NNEL:E End FY Rocky Flats 
1971 3722 
1972 3568 
1973 3310 
1974 2937 
1975 (Sep) 2783 
1976 2735 
1977 2879 
1978 3209 
1979 3222 
1980 3596 
1981 4095 
1982 4898 
1983 5335 
1984 5867 
1985 (Mar) 5991 

6 nOK. COCO Emplcpient.  compute^ printout fur Office of Industrial RelMiuns, R- 
55293U9-Ul2, M Augual1985. 
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Sandia National Laboratories (SNL)' 

Figure 51 Aerial View of Sandla National Laboratory Albuquerque 

ADDRESS: U.S. Department of Energy 
Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, NM 87185 
5051844-5678 
5051844-8066 (Public 
Information) 
4151422-7011 [Livermorel 

LOCATION: Laboratories at Albuquerque, New 
Mexico (SNLA), and Livermore, 
California (SNLL]; also operates 
Tonopah Test Range [TTR), Neva- 
da. Including Tonopah, Sandia 
operations utilize over 370,000 
acres: 39,500 acres at Albuquer- 
que (3100 acres DOEISandia, 
11,100 acres co-use with DOE and 
DOD, 25.300 acres National Forest 

1 Formerly Sandla Lebtitetories. 
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Service withdrawal land); 185 
acres at Livermore,Z 369,280 acres 
at TTR In 1971 Kirtland AFB and 
Sandia-Albuquerque merged into 
one base under Air Force control. 

MISSION: Multiprogram laboratory with em- 
phasis on research, development 
and engineering of a l l  components 
of nuclear weapons systems, ex- 
cept the nuclear explosive compo- 
nents. Sandia takes nuclear de- 
vices developed and tested by 
LANL and LLNL and performs the 
R&D necessary to incorporate 
these devices into operational 
weapons. 

Sandia has shared responsi- 
bility with LANL and LLNL for the 

2 Plans by FY 1986 are to acquit  an addiHoiial308 acres of buffer land surrounding SNLL 
a d  LUXL to protect apilutdemonstrators, possible terroriflt attacks. andccvartsurreil- 
lame; MAC. FY 1985 EWDA, Part 4, up, 1&8-81. 
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Figure 52 Map of Albuquerque. Kirtland Air Force Base, and Sandia 
Laboratories source- SML 

design of every nuclear weapon 
type now in the stockpile and con- 
tinues to support both nuclear de- 
sign labs on each assigned pro- 
gram. 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET: 

PERSONNEL: 

FACILITIES: 

GOCO facility managed for DOE 
by Sandia Corporation, a wholly 
owned subsidiary of AT&T Tech- 
nologies, Inc. (formerly Western 
Electric Company), under man- 
agement of the Albuquerque Oper- 
ations Office 

1945 (SNLA): 1956 (SNLL) 

$1102.6 million, total lab budget 
[FY 1988) 

8480 total lab (March 1985) 

(see text under Facilities heading] 

Nuclear Weapons Activities 
In conj~nc~ion  with the two design laboratories, 

Sandia is resoonsihle for the research and develonment 
associated with weapon engineering for ail phasesof the 
nuclear warhead life cycle. Sandia's major priorities in 
weapon R&D are new weapon engineering development 
(Phase 3) programs that are currently active and antici- 
pated, and engineering development to improve weap- 
ons now in the stockpile. Its responsibilities include the 
non-nuclear aspects of nuclear weapon ordnance engi- 
neering, specifically the design of electrical system saf- 
ing, arming, fuzing, and firing systems, neutron 
generators, tritium reservoirs, weapon structures (cases), 
aerodynamic shapes, parachutes, and other related deliv- 
ery devices. No weapon manufacturing or assembly is 
done at Sandia except for research or test purposes; that 
function is performed by DOE'S manufacturing facilities 
and private industry, using design and processing infor- 
mation provided by Sandia and other weapon lahorato- 
ries. Sandia designs and develops loint Test Assemblies 
(JTAs) that are assembled at Pantex. Its major testing 
activity, however, is the study of the vulnerability of war- 
heads to nuclear weapon effects. 

Sandia also conducts research in nuclear weapon 
safety, security, and control and is involved in the train- 
ing of military personnel to assemble and maintain com- 
pleted weapons. It is the lead laboratory for developing 
safe and secure transportation systems and secure manu- 
facturing and storage facilities for nuclear weapons. 

Sandia supplies radiation hardened, large-scale inte- 
grated circuits (computer chips] to the Bendix Plant for 
use in nuclear weapons. [The 1982 order exceeded 
60,000 units.lJ 

In the area of verification and control technology 
Sandia's progrdins include ilia development dud drploy- 
ment oi satellite-borne instrumentation to verity cnmnli- 
ance with the Limited Test Ban Treaty, the developient 
and evaluation of automated seismic stations that would 
help verify threshold or comprehensive test bans (the 
Regional Seismic Test Network deployed at five ioca- 
tions in the United Slates and Canada beginning in 1982 
and the new experimental array in Norway), and the 
assessment and analysis of foreign weapons and weapon 
development programs. 

Sandia is principal laboratory for R&D on physical 
protection and for containment and surveillance meas- 
ures that pertain to DOE facilities subject to international 
safeguards or to foreign facilities of high national inter- 
est. 

In the FY 1986 budget the DOE requested money for 
a Strategic Defense Facility at Sandia planned to be com- 
pleted in 1991 at a cost of $7U d i o n .  The facility, sup- 
porting President Reagan's Strategic Defense Initiative, 
would house research on directed energy weapons in the 
form of particle beams, x-ray lasers, microwaves, and 
kinetic energy. 
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Figure 53 Aerial View of Sandia National Laboratory Livermore 

Sandia participates in the ICF Program jointly with 
LLNL, LANL, and their supporting laboratories. It is the 
lead laboratory for pulsed power development. Sandia's 
involvement with pulse power fusion grew from military 
requirements to test weapon components for hardness to 
nuclear radiation. A high voltage and high current beam 
striking a high atomic number metal plate produces a 
burst of x-rays simulating a nuclear blast. 

hi the 1970s it was recognized that electron beams 
used for simulation purposes could be concentrated to 
hiph enough intensities for ICF research.* This research 
cu~rtinlly ~onceiilrates on pulse puwor accelerdturs [very 
hieh voltaee ~ u l s e s  of either electrons or oreferablv Jicht ., ., A < - 
ions) as fusion drivers and advanced target design. (Tar- 
get design and DT pellet fabrication is done in collabora- 
tion with LANL.) 

The near-term goal is to establish the feasibility of 
ICF using intense ion beams or imploding foils driven 
directly by pulse-power generators. The program is ori- 
ented toward military applications (simulation of 
nuclear weapons effects) with demonstration fuel igni- 
tion a secondary goal. An evaluation of the ICF program 
is planned in the FY 1987 time frame for further contri- 

butions to weapon physics research and possible devel- 
opment as an energy source. 

Sandia now generates about 80 percent of the prod- 
uct definitions (component design specifications) used 
by the warhead production complex. Currently 25  per- 
cent of design is computer generated. In FY 1983 Sandia 
was named lead lab to develop the data base for an inte- 
grated CAD/CAM [computer aided design/computer 
aided manufacturing) network to link all agencies of the 
warhead complex, replacing diverse and incompatible 
CAD/CAM systems already in place. 

Other Weapons Activities 
Sandia conducts research for the Army, Navy, ALT 

Force, DNA, and DARF'A. This work for DOD constitutes 
almost 13 percent of Sandia's budget. The work for the 
Army involves upgrading security at NATO nuclear 
weapon sites, including the Weapons Access Delay and 
Intrusion Detection System. For the Navy the work is to 
develop an integrated arming, fuzing, and firing system 
for the TRIDENT II/Mk 5 reentry vehicle. For the Air 
Force work involves developing radiation-hardened 
electronics, sensors, and ground data-processing systems 

4 "Particle Unnm Fusion." Sandia Laboratories. 
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Figure 54 Site Map of Sandia National Laboratory Livermore 

for satellite programs. A second project is RADLAC-2, a 
joint Sandia-Air Force Weapons Laboratory program to 
assess the feasibility of electron beams as short range 
weapons for close-in terminal defense. The RADLAC-2 
accelerator is the most powerful electron beam accelera- 
tor in the United States. For DNA Sandia provides explo- 
sivelv actuated closure doors for use on weaoons effects 
testsat NTS. The DARPA is supporting >xploratory 
development and flight evaluation to investigate feasibil- 
itv of using Sandia-develoued maneuverina reentry veh i- - - 
cles as advanced interceptors. 

Nonweapon Activities 
Sandia conducts research and development in 

nuclear safety and alternative energy programs, includ- 
ing nuclear reactor, fuel, and nuclear waste management 
(e.g.. sub-seabed disposal), solar power research, and 
electron-beam fusion and laser development. Research 
on alternative energy systems includes engine combus- - ~ 

tion, sola thermal power, solar photovoltaic conversion, 
and wind enerev. Althoush Sandia is ~ ~ i m a r i l v  an finci- 
neering laboratory, it alsosupports research in the ph$i- - - - ~ 

cal sciences, 
Sandia has a large comDuter comolex. includinetwo 

CRAY-1 (one a1 ~lbuquerque, one at Liveknore] and two 

5 HAG. FY l9BiEWUA. Fad 6. p. 127. SNL, luitlilullonal Plan FY lS8+19B%pp. 32-33. 
6 AClass VIIcomputerisdehnedascne baring at leastfowtimestbccoro.puti.oacapacityof 

a CRAY-1. 

CDC 76DOs.5 Sandia will acquire a Class VII computer in 
1987 or 1988." 

Facilities 
Numerous facilities are used to conduct a wide range 

of research activities. SNLA bas several pulsed and 
steady state reactors (SPR-I, U, and 111, ACPR, and ACRR) 
used in R&D of neutron radiation-hardened weapon sys- 
tems, and several x-ray and gamma-ray sources (Rehyd, 
Hydra, Proto II. and Hermes 11) used to simulate weapons 
effects. 

Simulation Technology Loboratory (STLJ.7 (SNLA, 
construction ends FY 1987.) STL will house the Hermes 
I11 accelerator, an advanced gamma-ray simulator, and 
the Particle Beam Fusion Accelerator-J (PBFA-l), modi- 
fied as an advanced x-ray simulator. There weapons 
effects facilities will, in some instances, have capabilites 
comparable to underground testing. STL facilities will 
test hardness of future nuclear weapons systems (e.g., 
MX, TRIDENT 10; will offer means to study vulnerability 
to directed energy devices, the propagationof high-inten- 
sity particle beams and the physics of x-ray lasing: and 
will improve the ability to simulate threats that generate 
dose-rate-dependent radiaton effects. 

Hermes 111, an advanced gamma-ray simulator, 
under construction, will deliver a 0.8 million joule pulse 
of e-beam energy to a bremsstrahlung converter target, a 
factor of 10 in performance over the existing Hermes It. 

PBFA-I and PBFA-11, while used for weapons effects 
research. are oart of the Inertial Confinement Fusion 
(ICF) Program. 

Particle Beom Fusion Accelerator-I [PBFA-I). PBFA- 
I an advanced x-ray simulator, is the first modular 
pulsed power generator. First operated in 1980 and built 
at a cost of $14 million, PBFA-I consists of 36 modules 
arranged like spokes of a wheel around a fusion pellet 
target chamber centrally located in the wheel's hub. Each 
module contains an energy storing Marx generator and a 
pulse forming/voltage conditioning section. The voltage 
pulse of each module is converted to a burst of ions in a 
single diode at the wheel's hub. The ions in turn are 
directed toward the target at the center. Operating at 2 
million volts, PBFA-I produces a 40 nanosecond wide 
pulse delivering 0.5 million Joules of energy and 30 tril- 
lion watts of power to electron or light ion sources. 
PBFA-I is engaged in ion beam fusion and radiation 
effects experiments using electron beams. There has been 
significant conversion of pulse power to x-rays." 
Research consists of ion beam focusing experiments with 
the objective of 5 trillion wattsIcm2 and DT pellet target 
studies. 

Particle Beam Fusion Accelerator-I1 [PBFA-II]. 
PBFA-U is an upgraded pulsed power particle beam 
accelerator system, configured like PBFA-I, which began 
operation in December 1985. PBFA-I1 is a 108-foot diame- 
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ter wheel 20 feet in height, housing thirty-six particle 
accelerators. PBKVII is designed to operate at 4 million 
volts and deliver a 40 nanosecond pulse with approxi- 
mately 3.5 million joules of energy and 100 trillion watts 
of peak power to light ion sources, providing power 
pulses at target of 50 trillion watts/cm2. PBFA-11 will 
operate initially with lithium ions rather than protons.9 
Plans are to conduct DT fusion ignition scaling experi- 
ments. Like PBFA-I, it will principally benefit studies for 
military applications.10 

The Center for Radiation-hardened Microelectronics 
at SNLA provides SNLA with an in-house capability to 
design and fabricate large-scale integrated circuits and 
conduct research for DOD and DOE in high-temperature 
and microwave electronics, and on radiation hardened 
micro- and opto-electronic circuits. 

The Radiation-Hardened Integrated Circuit Labora- 
tory (LSI Facility) at SNLA, established 1974, develops 
radiation-hardened large-scale integration (LSI) circuit 
technologies and designs for electronic packages of 
nuclear warheads (e.g., W78, W81, W82, B83, W84, B61- 
6,-7,-8). This facility was designed to provide a backup 
production source in the event the US. semiconductor 
industry cannot satisfy DOE production needs. SNLA 
does significant production for DOE (Bendix Plant 
acquired 5000 chips and packaged integrated circuits in 
1981, orders exceeded 60,000 units in 19821, for DOD, 
and other agencies. Responsibility for operation of LSI 
clean room is currently being transferred to Bendix. 

The Radiation-Hardened Integrated Circuit Labora- 
tory [LSI Faci1ity)ll at SNLA, is scheduled to be com- 
pleted in FY 1987 at a cost of over $40.5 million. The 
facility will develop the next generation of very-large- 
scale integrated (LSI) circuit technologies to meet more 
complex requirements of 1990s in weapon capability, 
accuracy, command and control, safety, and security. 

A wide range of other research facilities exist. These 
include. for examcle: 

Lightiiing Facility (SNLA).l-' 
Rocket Sled Test Track (SNLA) 5000 ft test track; 
extended track to lU .OOO feet bv December 1984 
Safeguards Light Laboratory (SNLA, completed 
FY 1980) 
Weapons Laboratory Building (SNLL, construc- 
tion ends FY 1987, cost $20.4 million). To sup- 
port state-of-the-art R&D in electronics, applied 
physics, and materials science for application to 
components of nuclear weapons.13 
Instrumentation Systems Laboratory (SNLA, con- 
struction FY 1986-88, cost $20 million). Major 
technical programs to be located in this facility 
include: (1) development of telemetry systems to 
support weapon JTA and flight evaluations, espe- 
cially TRIDENT 11; (2) weapon/aircraft compati- 

bility evaluations (the 61-6 and B61-6,s); (3) 
satellite instrumentation system development 
associated with nuclear-burst treaty verification 
and monitoring; and (4) new SDI instrumentation 
for tracking, focusing, orientation, and damage 
assessment 
Facilities to study solid state materials. The Com- 
bustion Research Facility [SNLL] contributes to 
the solution of combustion science problems 
Facilities at the Pantex Plant for quality assurance 
test operations 

+ Reactor facilities to simulate effects inside power 
reactors 

SNLA Technical Areas." 
SNLA is divided into five major technical areas on 

artland Air Force Base (plus remote test sites on unde- 
veloped and mountainous terrain covering more than 50 
square miles). 

Area I: Primary laboratory area; 100 acres; 100 build- 
ings housing majority of technical and administrative 
staff, laboratories, test facilities, fabrication and assem- 
bly areas; large volume of classified information and 
material; small quantities of nuclear and radioactive 
materials. 

Area 11: Remote 300-acre area; 40 buildings and stor- 
age igloos housing facilites for testing and storing explo- 
sive devices. 

Area 111; Remote 1900-acre environmental test area; 
some 50 buildings housing flash x-ray facilities15 and 
numerous other test facilites unique to development test- 
ing of nuclear weapons. 

Area IV: Particle Beam Fusion (PBF) research; 250- 
acre plot with approximately 12 buildings. 

Area V: Sandia Reactor Facility; some 15 buildings 
on 20 acres, housing various reactors and a dosimetry 
laboratory;'@ large quantities of special nuclear materials 
and other radioactive materials. 

Management 
Sandia is a GOCO facility managed for DOE by 

Sandia Corporation, a wholly owned subsidiary of AT&T 
Technologies, Inc. (formerly Western Electric Company), 
which is a subsidiary of the American Telephone and 
Telegraph Company. Sandia Laboratory at Albuquerque 
was operated by the University of California from 1948 
until 1949, when at the request of President Truman the 
Bell System assumed responsibility for managing the 
facility, and the contract was taken over by the Western 
Electric Company. Since 1949 Sandia Laboratories has 
been operated under a no-fee, no-profit contract basis. 
The Office of Military Application under the ASDP is 
responsible for technical direction, while the Sandia 
contract is administered by the Albuquerque Operations 
Office. 

I" hid. 
t HAC, w ISUS w n A ,  yart 4, p. 154. 
Vi HAG FY 1985 EWDA. Part 4, p. 107, 

13 Jbid,pp. 121-22. 
4 HAG, FY 1985 EWDA. Part4, p. 172. 
15 fbid., p. IDS. 
16 !W- 

90 Nuclear Weapons Databook, Volume Ill 



Sandia National Laboratories 

BUDGET" 
[$ million]: 

ASSETS 

LAB ACTIVITIES 
BY PROGRAM 
(FY 1984):17 Defense Programs 68.0% 

Conservation and 
Renewable Energy 4.5% 
Nuclear Energy 0.2% 
Fossil Energy 2.0% 
Energy Research 2.6% 
Work for Others 

Department of Defense 12.6% 
Nuclear Regulatory 

Commission 4.5% 
Others 2.5% 

Civilian Radioactive 
Waste Management 2.0% 
Other DOE 1.1% 

Total 
Lab 

Fund- DOE Defense 
i n g  Proerams Total 

1983 827.0 525.6(64%) 
1984 921.3 588.8[64%) 
1985 1011.7 673.0[61%) 
1986 1102.6 737.4(67%) 

Capital Investment and equip- 
ment, $422.5 million [FY 1980). 
Sandia Laboratories comprises 
nearly 400 buildings containing 
some 3.4 million square feet of 
floor space (2.8 million square feet 
at Albuquerque, 0.5 million at 
Livermore and 0.1 million at To- 
nopah). 

PERSONNEL:" Sandia 
Albu- Liver- 

End FY querque 
1971 6307 990 
1972 6237 986 
1973 5529 872 
1974 5609 868 
1975 [Sep) 5652 887 
1976 6060 962 
1977 6273 991 
1978 6471 1007 
1979 6588 1030 
1980 6792 1055 
1981 6935 1083 
1982 6862 1088 
1983 7024 1106 
1984 7326 1101 
1985 [Mar) 7385 1095 

Weapons 
Activities 
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Savannah River Plant (SRP) 

Figure 55 Main Administration Area SRP 

ADDRESS: U.S. Department of Energy 
Savannah River Operations Office 
P.O. Box A 
Aiken. SC 29802 

LOCATION: 192,323-acre site (300 square 
miles) spread over three counties 
in South Carolina (67,512 acres in 
Aiken County, 120,727 acres in 
Barnwell County, and 4,084 acres 
in Allendale County), some 12 
miles south of Aiken, South Caro- 
lina.1 

MISSION: Production of nuclear materials 
for nuclear weapons, primarily 
plutonium, tritium, and heavy 
water. SRP's mission over the 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET; 

years has been broadened to in- 
clude production of small quanti- 
ties of other radioisotopes2 and 
handling nuclear weapon compo- 
nents (filling tritium reservoirs]. 

GOCO facility operated for DOE 
by E.I. duPont de Nemours and 
Company under the management 
of the Savannah River Operations 
Office 

Site selection 1950, construction 
temporary facilities 1951; opera- 
tions begun 1952; construction ba- 
sic plant finished 1956 

$1199.2 million, [FT 1986) 
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PERSONNEL: 15,480 total on-site (end FY 1985) 

FACILITIES: Production Reactors 
.Fuel and Target Fabrication 
Facilities 
Chemical Separation Plants 

*Heavy Water Plant and Rework 
Unit 
Tritium Facility 
Savannah River Laboratory 

-Defense Waste Processing Facili- ~~ ~ ~ ~ ., 
ty (Future) 
Naval Fuels Facility [Future) 
U-236 Production Plant Wuturel 
Savannah River ~ c o l o &  
Laboratory - Aquatic Research Laboratory 

.Savannah River National Envi- 
ronmental Research Park 

History 
Site selection for a new production facility was 

begun by the AEC in June 1950 and selectionof the (origi- 
nally) 250,000-acre Savannah River site south of Aiken, 
South Carolina, was announced by the AEC on 22 
November 1950. DuPont was chosen to construct and 
operate thefacilities. Construction of temporary facilities 
began in February 1951. Operations commenced with the 
startup of the heavy water plant on 3 October 1952. Con- 
struction of the basic plant was completed in 1956 at a 
cost in excess of $1.1 billion [including $18.957 million - 
for the site). 

The decision in 1950 to so ahead with SRP was - - - ~  ~ - - ~ -  ~~ - ~~- 

driven by the perceived need for tritium in the fusion 
weapon program following President Truman's directive 
of 31 January 1950 to develop a thermonuclear weapon 
[the "super").3 While production of tritium in the Han- 
ford reactor [for research at Los Alamos) had been 
demonstrated, the new plant at Savannah River was nec- 
essary to avoid serious curtailment in the production of 
plutonium at Hanford for the fission program.4 The 
heavy water reactors at Savannah River were tobe more 
efficient than the graphite reactors at Hanford, and the 
design would afford the greatest flexibility for the manu- 
facture of either plutonium or tritium.5 Even if thenno- 
nuclear weapons proved unfeasible or tritium 
requirements turned out to be less than anticipated, as 
indeed was the case, the construction of SRP was further 
justified on the following grounds; to increase plutonium 
production, to provide a higher efficiency in the use of 
uranium ore, to provide security against attack of the 
Hanford reactors, and to be replacement reactors in. the 
event of retiremeot of older Hanford reactors)." 

3 l*e Edfeii, A Ihsrwy uf the Air Force AlocticEoorw Proktain 1943-1053, VoL IV, T h e  
Develnpment of W~apons, U.S. Air FcirmHisturical EU~<hkn.p. 30. 

4 Ihid., p. 33. 
s Ihid. 
ti Statement by AECChui-n. Ma: 1050; Ihid., p. 32. 
7 HAC, FY 1985 EWDA.Part Â¥I p.  427. 

Nuclear Weapons Activities 
Nuclear Material Production 
SRP produces the major portion of the plutonium 

and all the tritium required for weapons. (The N-Reactor 
at Hanford also produces plutonium for weapons.) SRP 
has also been the sole producer of heavy water in the 
United States, but the production plant was shut down i n  
early 1982, (See Heavy Water Plant.] SRP is the sole 
source of heavy water (from stocks), tritium, and Pu-238 
in the United States. The Savannah River Laboratory 
conducts research in a number of areas to support opera- 
tion of plant facilities (see Savannah River Laboratory). 

Nuclear Weapon Production 
Savannah River's weapon production activities con- 

sist of the extraction and purification of tritium from irra- 
diated targets, the loading of tritium components of 
weapons, and the purification of tritium recovered from 
retired weapons. To offset a potentialinterruption in pro- 
duction at the Pinellas Plant, DOE has implemented a 
program to stockpile certain neutron generator types at 
SRP. 

Nonweapon Activities 
The Savannah River Laboratory conducts research 

on high level radioactive waste and a variety of support 
activities for DOE energy technology and enrichment 
programs. (See Savannah River Laboratory.) 

Facilities 
Production Reactors 
Four heavy-water-moderated production reactors 

(P,K.L.C) are being operated to produce tritium (predom- 
inately in C-Reactor17 and super-grade plutonium [pre- 
dominately in K, L, and P-Reactors). An additional 
production reactor has beenmaintained in standby since 
1964. The L-Reactor, also on standby from 1968 to 31 
October 1985, was scheduled for startup in October 1983 
but was held up by Congress and the federal courts for 
environmental reasons. [For further details see Savannah 
River Production Reactors.) A small test reactor (V) is in 
standby condition.8 

Fuel Cycle Facilities9 
Facilities are operated to fabricate reactor fuel and 

target elements for use in the onsite production reactors. 
(See Savannah River Fuel and Target Fabrication Facili- 
ties.) 

Enriched uranium-aluminum alloy from the Y-12 
Plant at Oak Ridge is extruded into tubes of driver fuel for 
the SRP production reactors. Depleted uranium target 
slugs from the Feed Materials Processing Center (FMPC] 
at Fernald are canned in aluminum at SRP and used as 
targets for plutonium production in SRP production 
reactors. Enriched lithium (Li-6) from the Y-12 Plant is 
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Figure 56 The Savannah River Plant Sitem 

processed into lithium-aluminum targets for tritium pro- 
duction at SRP. 

Irradiated fuel and target elements from Savannah 
River production reactors and from (offsite] research 
reactors [domestic and foreign) are processed in two 
chemical separation plants, F and H (see Savannah River 
Chemical Separation Facilities). 

The Multi-Purpose Processing Facility is used to 
separate special isotopic materials such as americium- 
241 and plutonium-238. Heavy Water production at 
Savannah River has ceased, but the Reworkunit operates 
to purify DzO used in reactors. The Central Scrap Man- 
agement Office (CSMO] manages the recovered Pu-238 
and Pu-239 scrap. This office has a computerized data 
base for Pu-239 scrap. 

Tritium Facility 
Tritium seoaration. nurification. and loading activi- 

ties are conducted in three major buildings that make up  
the Savannah River Tritium Facility (see Txitium Recov- 
ery under Savannah River Chemical Separations Facili- 
ties]. 

Savannah River Laboratory 
The Savannah River Laboratory provides support for 

nuclear material production and other DOE program 
activities. 

Defense Waste Processing Facility 
Construction of the Defense Waste Processing Facil- 

ity (DWPF] began in October 1983 for scheduled opera- 
tion in 1989 (estimated cost $910 million). The DWPF 
will dissolve and solidify the sludge component of 
Savannah River high level waste (HLW] in borosilicate 
glass, encasing the glass in stainless steel canisters (2 feet 
in diameter and 10 feet high) for dry storage or disposal 
in geologic repositories. The HLW (some 30 million gal- 
lons of liquid, salt cake and sludge) is stored at SRP in 
single and double shelled stainless steel tanks. DWPF 
will process about 2 million gallons of waste per year.I0 

Naval Fuels Facility 
A new DOE-owned facility for the production of 

naval nuclear fuels-the Fuels Materials Facility 
(EMF)-began construction in late 1983" and will be 
completed at Savannah River in 1986 (estimated cost 
$176 million) for operation by duPont in the late 1960s as 
a backup to the NRC licensed production plant operated 
by Nuclear Fuel Services at Erwin, Tennessee.12 

U-236 Plant" 
A U-236 Production Plant is scheduled for initial 

operation at SRP in 1987 with full production to begin in 
FY 1988.14 The U-236 Program has been undertaken by 
DOE-SRP in collaboration with TRW and Lawrence 
LivermoreNational Laboratory. The plant will utilize the 
TRW plasma separation process (PSP) to improve SR 
reactor productivity by removal of the uranium-236 
buildup in recycled fuel as well as removal of the iso- 
topes U-234 and U-238. 

The production goal of 2-3 MT of U-235 per year in a 
ten-year PSP campaign will also provide some 75 percent 
of Savannah River U-236 requirements (U-236 is used in 
the production of Pu-238). The U-236 plant will use an 
existing building at SR adjacent to the enriched fuel tube 
fabrication building and an existing PSP module, which 
is production size and has demonstrated U-235/U-236 
separation at near production conditions. The building 
will contain machinery for fabricating separate feed 
plates. Installation began in FY 1985. 

Management 
SRP is a GOCO facility operated for DOE by E.I. 

duPont de Nemours and Company. Defense activities are 
administered by the DOE Assistant Secretary for Defense 
Programs (primarily the Offices of Nuclear Materials Pro- 
duction, Military Application, and Defense Waste and 
Byproducts Management) through the DOE Savannah 
River Operations Office. Activities at the Tritium Facility 
are the responsibility of the Albuquerque Operations 

13  iti is ma sepuraiicn ~ r o c e a s ,  TKW ~uaia," Development Group. Kcdondo Boactt. CA. 
{undated; May -1983?) 

1 HAG, FY 1985 EWDA, Part 4. p. 434. 
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Office. E.I. duPont de Nemours and. Company designed, 
built and has operated the Savannah River Plant since its 
establishment in 1950. 

Beeinnine in FY 1985. Wackenhut Service. Inc. 
assumed responsibility for physical security. In March 
1985 approximately 700 personnel were under contract. 

BUDGET (SRP)" 
($ million): FY Total 

1975 213.1 

Figure 57 Master-Slave Manipulators, Savannah River Laboratory 

These master-siave manipulators permit handling of radioactive rnate- 
rials by Savannah River Laboratory scientists. 

PERSONNI 

Operations 
255 

Construction 
8044 

35,758 
23,759 
12.327 

On-Site Total 
8299 

5 "~~~~udmin~econd~iUion."~i'k~n~tnndiird.-lOct~lxr~~~,~ ~o~-S~POperat ions  my Lab. WaiAenlnit, WE, and US. ror-est Service, but they are tndndnd in the ~ o i a )  
offn-R. G o I ~ .  

18 Information provided by DOEOpmtions OfficeSKP. lanueryaiid!une ,984 and Nwem- 
be, 1985.   or TV 1982-FY 1905  pera at ions columnexcludes SRL, Savaanah Nvor ticol- 
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Savannah River Laboratory (SRL) 
ADDRESS: Savannah River Laboratory SKL also has supported Lawrence Livermore 

Aiken, SC 29808 National Laboratory in research in plutonium laser iso- 
8031725-3422 tope separation. 

LOCATION: 700-A area of Savannah River Nonweapons Activities 
Plant The Savannah River Laboratory has developed a 

number of fields of expertise that are applicable to other 
MISSION: The Laboratory's primary function 

is to support the Savannah River 
Plant (SRP) 

MANAGEMENT; See Savannah River Plant 

ESTABLISHMENT: 1951 

BUDGET: $91.5 million (1986) 

PERSONNEL: 1000 total lab (1986) 

History 
The Savannah River Laboratory participated in the 

original design of production facilities at SRP and pro- 
vided technical assistance during startup operations. 
Following the startup phase of the production reactors in 
the 1950s, SRL developed technology that served as the 
basis for a steady increase in the productivity. Subse- 
quently, attention was turned to developing the tech- 
niques to obtain various new products and byproducts, 
such as U-233, Co-60, Pu-238, Cm-244, and Cf-252. For 
some products, such as Pu-238 and Cf-252, further devel- 
opment was undertaken to adapt them to various end 
uses. During the period 1958 to 1964, a laboratory pro- 
gram developed technology for a DgO-cooled power reac- 
tor operating on natural uranium.' 

Nuclear Weapons Activities 
Currently, SRL activities are divided about equally 

between two DOE lead laboratory mission assignments: 
(1)Process Development, and Special Nuclear Materials, 
and [ZJHigh Level Waste and support for energy pro- 
grams within DOE and other agencies. 

Process Development activities include (llstudies of 
processes for separation of tritium and helium, and R&D 
and testing of the performance of components for high- 
pressure hydrogen service [tritium reservoirs); (2) reactor 
upgrade and safety programs; (31 new fuel and target 
design and development; (4) waste heat utilization; (5) 
improved technologies for the SRP chemical separations 
areas; and (6) environmental studies. 

- .  
DOE programs. 

Major areas of emphasis include quality assessment 
of reactor components, improved reactor safety, confine- 
ment of waterborne activity, control of noble gas emis- 
sions, second-generation reactor design, and reduction of 
waste volume from chemical separations facilities.2 

The experience of SRL extends from the origination 
of conceptual processes through process development, 
design support of new production facilities, support of 
manufacturing operations, environmental transport and 
impact analyses, and trace element determinations. 

BUDGET' 
(5 million): 

Total Lab 
FY Funding 

1984 86.0 
1985 88.2 
1986 91.5 

ASSETS Laboratory and Office Space FY 
1981: 370,000 square feet.4 Capital 
Investment and equipment, $98 
million [PY 1980). 

PERSONNEL (PTE): 
Defense 

Total Lab Related [ASDP) 
Fy Direct' Direct 
1975 876 
1976 889 
1977 923 
1978 971 
1979 966 
1980 9606 
1981 1042 
1982 11.67 
1983 
1984 
1985 
1986 1000 

1 Sarauiieh River Laboratory Institutinnnl Plan. FY 1981-FYlaBB.Draft,fnly 1330, pp. 7.6. 4 f u l l :  Rnvicw nfthn DOE Newarch m d  Dci-eti-.p~~ent and Field Facilitic~, US. DOE. 
1 fhid- DOBER-0092, September lEls0, p. 18, 
3 Letter J.T. Lowe bR.L.  Murean. M~napt.S.ivannahRiv~rOpc~~tiow Office, l4Decerobct 5 Dnta throueh 1079 from DOE Staffing Table, Jdnuary l9m. 

19M. G FY 1MI.PY 19aeIiKUWtlo~i Plan. op. cit.,Apuondix 8 
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Savannah River Production Reactors 

Figure 58 Aerial View of L-Reactor 

ADDRESS: See Savannah River Plant 

LOCATION: Five Savannah River production 
reactors located in 100C, K, L, P, 
and R site areas at Savannah River 
Plant (See Figure 52). 

ESTABLISHMENT! Design began 1950; operation ini- 
tiated late 1953 

MISSION: Production of plutonium and triti- 
um for nuclear weapons and small 
quantities of other radioisotopes 
(e.g., Pu-238, U-233, Co-60, Am- 
241, Cm-242 and Cf-242). primari- 
ly for non-military purposes 

History 
Initial design of Savannah River Plant reactor sys- 

terns began in August 1950, and fabrication of the first 
reactor by New York Shipbuilding Company began in 
September 1951. This reactor prototype was used to test 
the hydraulic and mechanical systems at the vendor's 
shop and was later modified as the K-Reactor. The five 
reactors (R, P, L, K, C] were fabricated between Septem- 
ber 1951 and May 1954 and were turned over to Savan- 
nah River Operations between April 1953 and September 
1954, The first reactor placed in operation was R, which 
started up in December 1953. The last reactor, C, was 
started up in March 1955.' Startup and shutdown dates 
for each reactor are given in Volume 11, Table 3.1. 

Reactor Characteristics 
Each reactor is housed in a concrete building con- 

taining four major process areas: Assembly Area, Reactor 
Area, Disassembly Area, and Purification Area (see Fig- 
ure 58). The Reactor Area, in the central portion of the 
building, houses the reactor room above ground, the 
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I 

Figure 59 Schematic Cross-Section of Reactor Process Areas 
[P.L.K.C Reactors1 

reactor tankextending below ground from the floor of the 
reactor room, the heat exchangers, reactor control rooms, 
and other facilities [see Figure 59,130). Control system 
actuators (control and safety rod guide tubes and latches) 
occupy the reactor room during normal operation, and 
the actuator room above is occupied by drive systems for 
the control rods and safety rods. During reloading shut- 
downs, the fuel charge and discharge machines are 
moved into the reactor rooms and the actuator system is 
retracted. The reactor control room is at the + 15-foot ele- 
vation. The reactor room, pump room and heat 
exchanger bays are inaccessible during reactor operation. 
They may be viewed through observation windows and 
periscopes, and closed circuit television monitors are 
being tested.2 

The five reactors are approximately the same size. 
Each is equipped with an emergency core cooling system 
but has no secondary containment building. A three- 
stage activated carbon filter system is employed to 
remove iodine and particulate radioactivity in the event 
of a catastrophic accident. However, long-lived noble 
gases are not contained. Each reactor tank has water- 
filled top and bottom thermal neutron shields and Is sur- 
rounded by a 20-inch water-filled thermal shield and a 5- 

'i John 6'LWm.h bf-let? Analyslsnt sav-wiit Xtww l'rfiA'~:i(,nKfc*i:tzirU~>U~."i.Ul"j: 
SA-IOU-1. Re$ 9 83 IDsrtc' Venionl .?tv.acd. Seplcmbcl 19bl. p a,:. 

? 1 .  " ~ I~oL!~vo  Ill",, wapl,.tt' 11. ~ I . . w ~ r i l " w l l  llLJlr.'S nlld I,.., 1 all.tli1l-1 
1'Bor@tio~"ollrctJOO Thill a hears waterr-actoi Â¥~!!.^~lech.".eiiteu'-unmultipl, 
CA,,",, lnr,",. 3 ,ma..*. m,, a,,c %Wt?.,C.,,"" I I#ox lhn" a F:@>##c m"d",ated ,...V?", 

4 E K Dukefan4 RV. Bp:.i:i=..n, Savi-inan Rmer ?I%># .'dfhonn: FJi-inon. ~nxiConoc >. 
C7ST-rt2ni54. "ai.t,nnah Rn- I aL<rati.r, p 4-4 

5 " l i e  :' c . ~ J  K ~eiciuri sit J.I H iluata .s,p inth the Pat '"Ttd C. t. and ' .hwtnri .in. 
cli-iiee h"' fe'tliiftit 1n-i t-i ' .Tinrrsi'tfmtpOwnie 'javanr.ah :̂ vei 

foot-thick concrete biological shield to protect operating 
personnel from radiation. 

Heavy water [D20) is utilized as the neutron modera- 
tor as well as the recirculated primary coolant.3 Approxi- 
mately 250 to 275 MT of D20 is required per reactor.4 
Water from the Savannah River or Par Pond (a cooling 
water impoundment) serves as the secondary coolant.5 A 
blanket of helium gas under pressure is maintained over 
the surface of the heavy water moderator in the reactor 
tank to increase the saturation temperature of the moder- 
ator and inhibit the formation of deuterium gas. 

Primary coolant is circulated through each reactor 
by six parallel pumping systems. The heavy water enters 
the reactor tank through six inlet nozzles in the water 
plenum, located over the top shield and the foot-thick gas 
plenum (part of the helium blanket gas system) (see Fig- 
ure 611. Each fuel and taraet assembly is susoended from 
the top of the water plen"um,. 0,0 enters the fuel assem- 
blies through slots in the plenum tubes and slots and 
holes in the assembly sleeve housings, and it empties 
into the moderator before exiting through six outlet noz- 
zles at the bottom of the tank at about 25,000 gallons per 
minute through each nozzle. The D,0 then passes 
through two parallel heat exchangers per closed loop 
[twelve exchangers per reactor) wli6re h6at is transferreh 
tu the secondarv cuoline water bsfure D,0 re~irculalion.6 

The range of operating characteristics experienced at 
Savannah River reactors is given in Table 8. 

Reactor Tank and Lattice 
The steel reactor vessels made of stainless steel plate 

are 15 feet high, and 16.25 feet (P,K,L) and 18.5 feet (C) in 
diameter7 with a wall thickness of 0.5 inch. The larger 
diameter of the C-Reactor tank provides space for addi- 
tional D20 moderator to act as a neutron reflector.8 The 
reactor cores contain positions for 600 [P,K,L) or 588 (C) 
principal fuel and target assemblies, a maximum of 4.25 
inches in diameter. In addition, there are 162 to 178 sec- 
ondary positions, one inch in diameter,g which are occu- 
pied by safety rods, tie bolts connecting the water 
plenum to the top shield, instrument rods, and special 
components. The reactor lattice for the P, K, and L is 
shown in Figure 62.10 The bottom shield tubes contain 
monitor pins (600 in P, K, and L; 588 in C) to provide 
flow and temperature at each fuel position. 

Neutron-absorbing control elements (septafoils), 
each with seven independent motor-driven computer- 
controlled rods, are in positions (61 in P,K, and L; 73 in 
C]'1 to control reactivity and the vertical and radial 
power distribution throughout the reactor. Lithium 
targets for isotope production are the standard absorber 
in SRP control rods. Disposable rods containing cad- 

7 #bid., p. IV-5, 

8 DPST SA-in"-l, Rev. 12!01,p. 1.5. 
s Chiw~h, up. eit., p. 4-1. 

10 Smith, op. cit., p. N-10. 
11 lbid., p. IV-M. 
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Figure GO SUP Reactor Structure 

Source John P. Church, SafecvAnalysisof SavannahHmProduction Reactor aperatma, Dl 
p. 4.2 

mium have also been used to reduce heat generation. Past 
irradiationcampaigns have produced high specific activ- 
ity cobalt and thulium in control rod positions.12 

The reactors are equipped with a set of gravity drop 
safety rods (66 in P, K, and L; 79 in C) normally held 
above the core by magnetic clutches. The rods are about 
one inch in diameter and normally cadmium.':' Safety 
rods are inserted during normal reactor shutdowns. A 
backup shutdown system is provided by injection of a 

'SEA-100-1. Rev 9JB3 iDeletedVeraiQnI. Savannah Kwcr Lnborrtorv, Revised September 1983. 

tor period, reactor power, and axial power are monitored 
from the console. The DaO temperature and flow for each. 
principal fuel and target position are monitored in the 
control room. The monitor pins in the bottom shield pro- 
vide information on pressure and temperature in indi- 
vidual assemblies. The process control and safety 
computer systems, each dual computer systems, provide 
information to operators on reactor parameters and can 
initiate reactor shutdown.1'1 " .  

solution of gadolinium nitrate (neutron poison) into the 
reactor moderator.14 Assembly Designs" 

Reactor Operation The core of a Savannah River reactor is composed of 
Reactor control and monitoring are carried many individual assemblies each containing fissile 

out in the control room. Reactor power can be adjusted material to drive the reactor and/or target materials for 
manually from the control console or by online com- breeding. Replaceable core components, called driver 
puter. Under manual control, operators can move control assemblies [fuel) or target assemblies, are combined in 
rod grngs or individual control rods. tqeutron flux, reac. various loading patterns to form a reactor charge. 

12 Ibid., p, V-13, 
13 Ibid, p IV-35- 
14 Ibid., p. IV-37. 
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Figure 61 Schematic of reactor tank 

Because the core design is frequently altered, new 
designs are considered to be a part of normal reactor 
operation. 

A driver (or fuel) assembly is generally considered to 
be one for which insertion increases the charge reactivity 
and removal decreases the reactivity. A target assembly 
generally has the opposite effects. Fuel used in a driver 
can be either uranium (U-235 or U-233) or plutonium. 
Depleted uranium (U-236) target assemblies are used for 
weapons-grade plutonium production; enriched lithium 
targets for tritium. Reactivity is controlled by the ratio of 
the amount of target to the amount of fuel material. In 
charges with separate fuel and target assemblies, the 
amount of target may be reduced by leaving vacant lattice 
positions. 

Some production campaigns require that the func- 
tion of an assembly switch from target to driver or driver 
to target during irradiation. In some charge designs, for 
example, Pu-239 buildup and subsequent fission in the 
targets is essential to keep the reactor critical. However, 
the initial assembly is still generally considered to be a 

7 DPST-8l-ZAl,op. cH.,  pp. 3-17.3-zz, and 3-23. 
18 Ibid., p .V-5,s;  Church, IQSTSA-loo-I, Rer, %3, p. 4.16, 

target. An example of the driver to target switch was the 
Mark 40 plutonium-burning program developed to pro- 
vide Pu-242 feed material for production of Cm-244 and 
Cf-252. 

Fuel Handling and Reactor Loading17 
Fresh fuel is received and stored in the reactor 

assembly area where it is placed on racks and hangars in 
a configuration to criticality. For driver assem- 
blies. a neutron ooison is added to the racks !e.a.. borated . - .  
concrete). 

The reactor mom is equipped with a charge 
machine, a discharge machine, and an irradiated compo- 
nent conveyor. Charge and discharge machines are used 
to load and unload fuel and target assemblies. Operations 
are conducted from the crane room, adjacent to the con- 
trol room. The conveyer is located in an H20 filled canal 
connecting the reactor room with the irradiated assembly 
storage basin. The conveyer receives irradiated assem- 
blies from the discharge machine and passes them under 
the wall of the reactor room. Irradiated assemblies are 
stored vertically in the water-filled storage basin until 
the decay heat is low enough to permit shipment. 

Driver" and Target18 Assemblies 
Cross-sectional views of current Savannah River 

cylindrical fuel (driver) assemblies are shown in Figure 
64, The fissile portion can be either coextruded tubes 
[Mark 16B and Mark 22) or a column of slugs. Drivers 
containing natural or slightly enriched uranium (e.g., 
Mark 15) are generally fabricated with slugs. 

Target designs are similar to those for driver assem- 
blies and can be either extruded tubes or a column of 
slugs (see Figure 65). Cross-sections of some typical SRP 
designs for targets are shown in Figure 66 [see also Table 
9). Over forty different types of fuel and target configura- 
tions have been used in SRF reactors. Table 10 describes 
target and fuel assemblies currently at Savannah River, 
and Table 11 describes other assemblies. Composition 
and burnup and dimensions of assemblies currently in 
use are given in Table 12. A chrouology showing high- 
lights in the use of fuel and target charges is given in 
Table 13. 

Fuel and target assemblies are enclosed in outer and/ 
or inner aluminum housings that may contain fissile and/ 
or target material, provide discrete coolant channels, and 
are separately dischargeable. The Mark 166 driver is a 
combined assembly with an inner lithium target housing 
for reactivity control. Other combined assemblies alter- 
nate one or more fuel tubes or slug columns with one or 
more target tubes or slug columns (e.g., the Mark 22 
assembly). 

Reactor Charge Design20 
The type of core used for any production campaign 

is governed by many factors, including irradiation char- 
acteristics, product quality, scheduled demand, target 
availability, and economics. 

1 Smith. op. cit.. p. V-13 
20 Ibid., op. V-13, 15. 
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Figure 62 Lattice Arrsnsment for- P, K, and L Reactors 

Source- J O M  P Church, seal DPSTSA-TOO-'! Rav 9/83 IDateCed Version:], Savannah Rlverl^borgcov. Revise4 Septsmber 1963 0 4-7 
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Figure 63 Fuel Loading Operations a t  Savannah River Production Reactor 

Three basic charge designs are utilized at SRP: 
Uniform Core - Usually up to 600 assemblies (588 in 

C) of the same type. Each assembly could contain both 
fissile and target material, e.g., the Mark 22 charge for tri- 
tium production. 

Mixed-Lattice Core - Contains a large number of 
driver and target assemblies intermixed ina  ratio of 3:3, 
4:2. or 5:1 arranged with six assemblies surroundine each 
control rod position. [If only a small number of target 
assemblies are present, the charge is considered to be 
essentially a uniform core.) The Mark 16B-Mark 31 
charge for plutonium production is arranged in a 3:3 
mixed lattice core. 

Small Core - Reduced portion of the reactor tank 
(both radially and axially with height of active core typi- 
cally about equal to diameter) is used to attain a high 
neutron flux and high power density. Typically, all D20 
coolant flow would be directed to 100 to 400 lattice posi- 
tions, occupied by either an essentially uniform core or a 
mixed-lattice core. As of 1981, three small core cam- 
paigns had been run, two in 1967 and a Californium-252 
production campaign in 1969.21 

Parameters for typical SRP reactor charges are sum- 
marized in Table 14. 

Reactor Charges for Plutonium and Tritium 
SRP charecs arc dcsiened to nroduct- tritium. ~ l u t o -  - - , . 

nium-239, and &her radionuclides. Initial criticality in 
1953 [R-Reactor) used a natural uranium charge for pro- 
duction of plutonium (Table 13). Mixed cores containing 
assemblies with a variety of uranium enrichments have 
been tried. Since 1968 SR reactors have used only mixed 
cores of depleted uranium targets22 and high-bump, 
highly enriched drivers in plutonium production cam- 
paigns (Mark 14-30, Mark 16-30, Mark 16B-31; see Tables 
9 and 11). 

Currently, plutonium production In P,K, and L- 
Reactors is in a mixed 3:3 core of equal numbers of Mark 
16B drivers and Mark 31A (or B) targets, A few special 
target assemblies can be accommodated in either type of 
charge and vacant positions may be present for reactivity 
adjustment.23 

The practice now at Savannah River is to operate the 
unreflected reactors (P,K,L) with heavy lithium blan- 
keted charges to reduce neutron irradiation of the tank 

21 DPSTSA.lM-l.Rcv. 1ZB1. p. 1-35. 
22 E.K. O n k  and R.W. Benjamin, Savannah River Plant Airhcim~ Hmiflsiona andCoutrolk. 

DPST.BZ.lO5t. SavaimahRiver Liihoralory. p. 5.2. 

23 Church, DPSTSA-100-1, Rev. 1/83, p. 416 

102 Nuclear Weapons Databook, Volume Ill 



Savannah River Production Reactors 

Mark 15 I 

Target or Fuel 
,- Blame Houmino I 

Mark 82 I 
Figure 84 Current Driver Designs 
Source: John P. Church, el al., DPSTSA-100-1, Rev. 91B3. p. 4-1 7. 

walls.2* This slows metallurgical changes in the steel and 
inhibits production of radioactive Argon-41 in the air- 
filled reactor annular cavities.25 

Tritium production [currently, in the C-Reactor) is 
achieved with Mark 22 fuel assemblies [since 1972, see 
Table 9) in a uniform core. Some tritium is also produced 
in lithium control rods, in Mark 60B blanket assemblies, 
and in the inner lithium-aluminum targets of Mark 16B 
assemblies during production of plutonium and other 
isotopes.26 The Mark 22 charge when used in the P, K, or 
L-Reactors contains a ring of vacant positions between 
the Mark 22 core and the outer ring of blanket assemblies 
to improve the economy of operation.27 

Nuclear Materials Production Cycles 
The reactors are designed for hatch refueling. 

Reloading shutdowns are scheduled as required by 
demands of production programs. They can involve 
replacement of up to all of the target assemblies and up to 
all of the driver assemblies, as well as control rods. and a 
new charge may use outer housings from the previous 
cycle. Up to several thousand components must be han- 
dled and placed in the correct position. Irradiated com- 
ponents are removed by the discharge machine and 
unirradiated components inserted by the charge machine 
through the water plenum at the top. The reloading oper- 
ation may he manual or in automatic sequence controlled 
by a prepunched tape. To maintain the reactor maximum 
subcritical, components are replaced in specified order, 
control rods first, followed by targets and their drivers.28 

Mark 16B-31 Charge, Plutonium Production. Mark 
31A depleted uranium targets and lighter Mark 31B 
targets are staged to obtain maximum hurnup of Mark 
16B highly enriched drivers. Production of weapon- 
grade (6 percent Pu-240) plutonium requires target irra- 
diation subcycles of approximately sixty days duration at 
a nominal power of 2150 Mw,. Production of super-grade 
(3 percent Pu-240) plutonium requires about a thirty-day 
target irradiation. During current super-grade production 
operation, five sets of targets are discharged for each fuel 
cycle; in weapon-giadc production three sets are dis- 
charged oer fuel cvcle.^Suhcvcle length denends on tlic 
product and the reactor power limit, which varies by 
reactor and season according to the cooling water tem- 
perature and other factors." Currently [since 1983) 
supergrade plutonium production is in the P,K, and L 
reactors.31 

Mark 22 Charge, Tritium Production. Mark 22 
assemblies combining Li-A1 target tubes with U-235-A1 
fuel tubes are irradiated in a uniform lattice for approxi- 
mately 200 days per tritium production cycle at a nomi- 
nal power of 2400 Mw,. The irradiation exposure of 
lithium target elements is limited to prevent dimensional 
instability, blistering, creep collapse of the cladding, and 

28 EiiTiionmental Information D~cument L Reactor Activation, DPST.81.2ai. Savannah 
r Laboratory, April 1992, p. 3-la 

Â¥ E.K. Duhss luitl R.W. Beniamin. Savannah River Plant Airborne Emissions andControls. 
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in the K-Reactor, to verify design and operability, 
ocuurred in August and September of 1983.40 

To replace the Mark 15, DOE is pursuing a fallback 
option, the Mark 22s-25 core. This core is built of highly 
enriched drivers (Mark 22s) and natural uranium targets 
(Mark 25). The Mark 22s-25 core will give about half the 
plutonium productivity increase of the Mark 15 (10 to 12  
percent) over the current Mark 16-31 core. A test charge 
will be fabricated in FY 1986 and irradiated in FY 1987.41 

Reactivity Variation in Charges 
Reactivity variation with exposure for SRP fuel 

charges is shown in Figure 67. The reactivity (percent by 
which the multiplication factor k differs from criticality, 
k = 1) is regulated by neutron absorbing control rods. For 
the Mark 166B-31 charge the variation (shown for sixty- 
day weapon-grade plutonium production subcycles) 
illustrates that the reactivity can increase during a sub- 
cycle as a fissionable isotooe Pu-2391 is formed. An 
increase dlso occurs when the target depletes faster than 
the fuel The irradiation cvclo fur the* Miirk 15 charec is 
shown to be thirty days, corresponding to the 
of supergrade (3 percent Pu-240) plutonium.42 

Figure 65 Depleted Uranium Targets 

Metallic uranium cores [black] are clad in aluminum cans to produce 
targets (silver), 

loss of tritium. These effects may occur when the ratio of 
tritium to lithium atoms is greater than unity.32 The C 
Reactor (since the early 1980s) is dedicated to tritium 
production with the Mark 22 charge.^ 

Mark 22s-25 Change, Mark 15 Charge, Plutonium 
Production. The Mark 15 program was terminated by 
DOE in FY 1984 after funding was withheld by Congress 
due to enrichment costs.34 Operation with a uniform lat- 
tice slightly enriched (1.1 percent U-235) Mark 15 core 
would have produced "at least 25 percent" more pluto- 
nium than the Mark 16B-31 mixed lattice.35 (Similar, 
although less efficient, uniform lattices have been used 
in earlier SRP reactor operation36 prior to 1968.3') The 
Mark 15 charge is the heaviest designed to date, weighing 
107 tons (P,K,L-Reactors) or 125 tons (C-Rea~tor).:'~ 

Operation with Mark 1 5  cores was to start in August 
1986, and full conversion of three reactors [P.K,L) was 
planned by late FY 1387.39 A full charge demonstration 
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Savannah River Production Reactors 

Coolant 

Mark 53AJ53D 

Mark BOB 
Qliafcrefmil 

Housing 

F i  Current Target Designs source: ~ o h n  P chuncti, at =I., DPSTSA-100.1, RBU. 3 ~ 3 ,  p. 4-18 
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Table B 
Range of Operating Characteristics Experienced by 

Savannah River Reactors [R,P,L,K,CI 

Thermal Neutron Flux (full power): 

Reactor Power (full poweri- 

Assembly Power: 

Prompt Coefficient: 

Moderator Coefficient: 

Reactivity in Control Rods: 

Reactivity in Xenon After Shutdown: 

Irradiation Cycle Length: 

Fuel Heat Flux: 

Total OpO Flow Rate: 

DpD Flow per Assembly: 

Assembly Coolant Velocity: 

U-235 Loading: 

5 x 10'3 t o  7 x 10'5 nIcm2-sec 

650 to 291 5 MW 

up to 21 MW 

+ a ~ 1 ~ - 5 t 0 - i 5 ~ 1 w l l ; ~ c ~  

-1 x 10-5 to -35 x 10.5 k1-C 

Up t o  30% k at cycle beginning t o  0.5% k a t  cycle end 

Up t o  60% k 

4 t o  400 days 

Up t o  2,900,000 Btulhr-W 

90,000 t o  163.500 gpmb 

Up t o  1050 gpm 

Up t o  72 ftlsec 

Up co I S 5 0  kg per charge; up to 4 kg f. assembly 

a Overall temperature coefficient [prompt plus moderator1 isalwaysnegative 

b G a h p a r  minum 

Source: Srnlch, J.A., stel., "Safety Ansfvsisof Sa^mat*River Froducuor Reactor 0peration;E.I. duFmtde NemowsS Co SevennahRwer Laboratory. OPSTSA- 
100-1 uev. 12176. c V - ~ 6 .  m his ca~eincludesvsrtabfes associatedwich oroductbn [roaram only. 'me large number'of excerimental fuel and t a m  assemblies are 
not included. 

Figure 67 Typical Reactivity Variation with Exposure 
Saurc.: Church, DPSTSA-IOO-I, Rev. 9/83. EL 4-25 
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Mark 15  

Mark 166 

Mark 22 

Mark 31A 

Mark 3 1  B 

Mark 42 

Mark 53A, 53B  

Mark BOB 

Table 9 
Current Savannah River Fuel and Target Assemblies 

Two concentric columns of short tubula- fuel slugsof slightly enriched uranium 11 .I weight percent U-2351 
with an inner aluminum housing. Fuel is separately dischargaabk from an aluminum universal sleeve housing. 

Three concentric fuel tubes (1 2.5 foot core) ~f U-235-AI alby I3360 grams for blanketed charges, 3200 
a r m s  for reflected charges1 in an aluminum universal sleeve-busing. A se~aretelv dischargeable Li-Al tar- 
get s c m t a  red  insice the inner fuel tube Same as Mark 1 6  exceot for h.gner U-235 conts i t  an0 a s  ightly 
different aistr butio-i af fue among tJbe6 

Two concentric fuel tubes (12.5 foot core1 of U-235-AI alloy 13200 grams U-2351 resting on a separately 
dischargeabk bottom fitting in an aluminum universe sleeve-housing. Contains twoli-A1 target tubes exter- 
nal and internal to the fuel. The inner target is separately dischargeable. 

Two concentric columns of short tubulartarget slugs of depleted uranium (0.20 weight percent U-2351 in an 
aluminum universal sleeve-housing. 

Single c o l m  of depleted uranium sl~rqs, tdentkal t o  outer slugs used in the Mark 31A. 

Same mechanical design asMark 168 except fuel tubescontain PuOp-AI instead of U-AI. Targets for high Pu- 
242  production. 

Single column consisting of coextruded Np& aluminum inner housing that are dtschargeable as a unit from a 
universsf sleeve housing. Targets to produce Pu-238. 

Convection-cooled LJ-Al sl lw coextrusion with Al cladding (12.5 foot cord.  Used as blanket assembfv to 
reduce thermal shield heat load, to  reduce neutron damage t o  the reactor tank wall, to make tritium, and t o  
restr ict the formation of A r 4 1  outside the reactor. 

Mark 62 Li-AI target tube that is separately dischargeable from an alumnum universal sleeve-housing. Used to pro- 
duce tritium. 

Born-ce. Church. DPSTSA-100-1. Rev, 8/83, 0. 4-75, Smith. DPSTSA-100-1. Rev. 12176, o. V 5 .  

Dimensinns t i ~ h e s l ~  

Outer Housing 00 
10 

Outer Target OD 
ID 

Inner Target OD 
ID 

Inner Housing 00 
ID 

Cladding Thickness 

Table 10 
Dimensions of Targets 

B CO Â¥ oncerri,amcter- ID = inner diameter. 

Source: DPST-10.463. SÃˆimna River LabO~atory. 1S70. p, A.29 

Mark 31A 

4.110 
4.01 0 

Mark J I B  

4.11D 
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Mark V-B* 

Mark V-E* 

Mark V-R* 

Mark VI* 

Mark VI-B* 

Mark VILE* 

Mark VI-J* 

Mark VII* 

Mark Vll-A* 

Mark XII* 

Mark XII-A* 

Mark 14 ** 

Mark 16 '* 

Mark 1 EA " 

Mark l a *  

Mark ISA  * 

Murk 30A "* 

Table 11 
Other Savannah River Fuel and Target Assemblies 

Two concentric columns of fuel slugs of natural uranium [aluminum outer' housing; no inner housing! 

Two concenwc columns of fuel slugs of slightly enriched (0.9 weight percent1 uranium [aluminum outer and 
inner housing tubes]. 

Two concentric columns of shorttubularfuel slugs of slightly enriched uranium (0.86 weight percent U-2351 
with aluminum semipermanent outer housing and separately dischargeable fuel and mner housing. 

Tubular fuel element of U-235-AI alloy, with an internal column of solid Li-AI target slugs. 

Two concentric tubular fuel elements of U-235-AI aHoy with two ti-N target tubes. one internal and one 
external. 

Two concentric fuel tubes of U235-AI alloy with three Li-AI targettubes, two internal and one external. The 
innermost target tube is separately dischargeable, 

Tubular fuel element of U-235-AI alloy with en internal column of hollow-core Li-Al target slugs. 

Quatrefoil loaded with hollow slugs of natural uranium. 

Similarto Mark Vll exceptthat the h o l l o w s l u ~  and quatrefoil ere larger to permit operationathighercooient 
flows. 

Three concentric fuel tubes C1 0-foot core1 of U-235-AI alloy end en aluminum inner housing that are seps- 
rately dischargeable from an aluminum semipermanent sleeve housing [driver for Curium-11 charges). 

Thrze corcent-ic f ~ e .  tunes 11 2 5-'oct c&re1o4 L-235-AI al oy This assemoly is s nilar 13 Mark XI. except 
for i ts  cow length ard n typr  ennzhnpnt lorivpr for J-235 program. w.th Unrk 50A nnd 50Bl  

Three concentric fuel tubes (12.5 foot core) of U-235-AI Allov IIEOO crams U-2351 and an inner housing - 
that are seaapcte y oischa~geeble f ~ o m  an al-mini-m ~nivepsa sleeve ho-sine. Mixed-lattice char-ge i? four 
s~bcyc  es, witn p-ogress vety ghter targets (Mar< 30A 6, C. D> prodJces Pu-239, U-236. and tnt urn. 

Three concentric fuel tubes 112.5 foot core1 of U-235-Ai allov (about 3000 orams U-2351 restinti on a - - 
SepaPat.elv d scharqF.fih f nmnmm f ztmq -n fin a urn num ..n~wrsnl s l~eve hn.~unq. A senaraxlv disciarqsab e 
L-AI targec is contained ncio?the inrer fuel tube Mixed lattice cn-0 ~ i t n  ,p z3 six cyces using Mark 3 0  
targets produces Pu-239, U-236, and tritium 

Same <is Wdn< 16 exwv. w e  uuiec aiid t i t  @ ~ l e  f.t-I t i w y  lwve trtiriev i; cidciiq, oiia Uiic'tfr cores I,ye^ a5 R 

hr-nvywr-igW. h f r  n ciinclicii.depl^rr'n prngrains 

Three concentric fuel tubes with 6-foot-long cores of U-235-AI alloy and an aluminum inner housing that are 
dischargeable as a unit from an aluminum semipermanent sleeve housing. Used as driver for Californium-1 
program. 

Three concentric fuel tubes of U-235-AI alloy and an aluminum inner housing that are diechergeeble as a unit 
from a semipermanent sleeve housing chat contains a Pu-242 target. Used as driver for Callfcrnium-l pro- 
gram; the Pu target is to produce transplutoniurn isotopes, Target housings may be irradiated separately. 

Two concentric columns of short tubular target slugs of depleted uranium (0.1 4 weight percant U-2351 with 
aluminum universal sleeve housing and separately dischargeable targets and inner housing. 

Mark 30B30C3OD *" Sinole column of short tubular taroet sluos of deoletad uranium 1014  weioht oercent U-2351 with aluminum - - - - .  
universa.sleeve-no-sing and SRaaratuy aischargeaole targets and .nner mousing. Jseow :n Mark 14or  Mark 
1 G crlvers. C~r ren t  y ~ s e d  Mew 31A B are die same as Ma-k 30 except 'or 0.20 we gnc aercent U-235 
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Mark 40 

Mark 41 

Mark 50A * 

Mark SOB * 

Mark 51 

Mark 52 

Mark 53.53A.536 

Table 11 Ccont.1 
Other Savannah River Fuel and Target Assemblies 

Three concentric fuel tubes with 12 5-foot-long cores of Pu-AJ atJoy in an alummum universal sleeve housing 
with a disposable inner housing. A separat-ely dischargeable target can be used instead of the inner housing. 
Used to produce Pu-242 feed material for the Cf-252 program. 

Two coextrustan.clad coaxial target tubes. The 10-foot core of theouter tube contains Pu02-AI to produce 
Pu-242 of ariuroximateiv 98isotooe uercent. Theoutertube and an aluminum basket are retained h a univer- 
sal sieeve-rauslng witn a retaining ring. Tie nner t-he with a 12- fox core of Li-AI a lny IS Repfrately d s- 
charged from the basket an0 pep ace0 w-tn an innercube naving a diveren': U-6 concert LC mainta n specified 
reactivity. 

A column of 15.2-inch-bng tubular target slugs of compacted thoria and an aluminum inner housing that are 
dischargeable as a unit from an aluminum semi-permanent outer housing. Used for production of U-233. 

A column of 9.5-inch-long tubular target slugs of compacted thoria and an aluminum inner housing that are 
dischargeable as a unit from an aluminum semipermanent outer housing. 

Quatrefoil containingup to four columns of 6-inchlong slugs, each of which contains a blend of Cm-Am oxide 
and aluminum. Used to produce Cf-252 in Californium-1 program. Small core in short cvcie uses six Mark 51 . - 
targets and ninety   ark 18 drivers, 

Single column of elements consisting in part of two or three NpO2 and aluminumcoextruded tubes. Either Li- 
Al targets ar aluminum spacers are used above and below the Np02 tubes. Used co produce Pu-238. 

Single column consisting of coextruded Np02 - aluminum tubets) with aluminum spacers and an aluminum 
inner housing that are ischargeable as aunit from a universal sleeve housing. ~ & d  to produce Pu-238. 
Mark 61 **A sleeve housing, the bottom half of which contains an 8-foot-long aluminum clad coextrusion of 
No02 andalunrinum. The cladding. the wextrusion. and a bottom fittna are welded into the sleeve housino to 
form a single unit. Used to produce high-purity Pr-238 [less than 0 3  ppm Pu-2361 by irradiation in the 
reflector region of the Cslifornium-l charge. 

* These assembliesdi^s now Obsolete but fepi-easnt designvariations utilized or pro- *" Assembly designs cmmpatibl~ with current operadon Out noc in me. 
posed in the past. 

Source: Smith, J.A.. et  a!.. "Safety Analysis of Banannah River Production Reactor Operation." E.I. O u h t  de Me- LCD. Savornah River Laboratary, DPSTSA- 
100-1 Rev. 12/76. pp. V-5,6. 

Per Assembly 

U-235 (kg1 
U-238 Ckgl 
U234 Ckgl 
U236  Ckgl 
Power (Mwl 
Fission Exposure 
[MwDl Capprm.1 
Days Irradiated 
Days Cooled 

Table 12 
Fuel Composition and Burnup for Current Assemblies 

Murk 22 Mark 31B 

a The power increases in Mark 31 assemt4es during 9 subcvcle. I 
Source: D.H. Staddard md C.T. Randall, Safety AnalysisÃ‘20 Area. SavannBhRiiw Plant Separatiara Area Oper~Cians. DPSTSA-200.10, Savannah River Labors- 

HMY, August: 1980, p. V-12. 
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Table 13 
Chronology: Fuel and Target Charges Used a t  SRP 

[excluding test  irradiations) 

Initial criticallity of first SRP reactor, solid material uranium slugs in quatrefoil to produce Pu-239 (Mark 11 

Mixed Lattice U-233-Pu-239 producer charge, four assemblies containing a mixture of thor'ium and U-235-AI slugs, and 
two assemblies containing natural uranium slugs in each cluster. 

First cobalt irradiations, GVBT 30  megacures of Co-60 subsequently produced 

Hollow natural uranium slugs (Mark VIII with forty-two U-235 fuel assemblies to produce Pu-239. Subsequently moitified to  
Mark VII-A. 

Tritium producer charge, fuel assefTiblies containing e mixture of U-235-AI and Li-AI solid slugs, Li-AI blanket. 

Tritium producer charge, each lattice position containing Li-AI slugs inside a U-235-AI fuel tube [Mark VII. Subsmqum~y 
modified to  Mark VI-J. 

Mixed-lattice U-233-Pu-239 producer charges. Hollow natural uranium slugs, thorium targets, and U-235-AI fuels. 

Charge containing 444 natural uranium fuel assemblies. 1 14 tubular U-235-A1 fuels and forty-two depleted uranium assem. 
blies 10.14 percent U2351 for production of Pu-240. 

Irradiation of NpOp-237 for Pu-238 production started. Subsequent charges contained as many as fifty-four NpOp-237 
assemblies in plutonium, tritium, and U-233-producer charges. 

Pu-2394 fuel irradiated for production of transplutonium elements. Subsequent charges contained BS many as 108 Pu- 
2 3 9 4  assemblies in both plutonium and tritium producer charges. 

Tritium producer charge, concentric U-2354 and LLAI tubes, two of each per assembly [MarkVI-El 

Cancentric natural uranium slugs for Pu-238 production, tubular U - 2 3 5 4  fuels (Mark V-El. 

Mixed-lattice H-3/U-233 production, fwe tritium producers, and one thorium assembly per cluster, thorium blanket 

Concentric slightly enriched uranium metal (0.95 percent U-2351 slugs and Li-AI blanket for H3/Pu-239 production (Mark 
V-El. Subsequently modified to  Mark V-fl10.86 percent U-2351. 

Mixed lattice containing three Pu-239-AI and three U-235-AI assemblies per cluster, Curium-1 campaign 

High flux [6 x 10'5 n/tcmp secll operation. 

Mixedlattice H-34-233 production, four U235-AI fuels with LiiAI targets, and twoTh02 target assemblies in each control 
cluster. LiAl blanket. 

Semipermanent housings used for Mark V-E. 

Mixed lattice containing 175 U-235-A1 fuels, thirtyseven Pu-240-242 targets. and sixty-six bismuth blanket assemblies 
for Crn-244 and Po-21 0 production. Curium II campaign. 

Charge containing 258 natural uranium assemblies. 294 slightly enriched uranium metal assemblies, and forty-eight U-235 
Al fuels. 

Fuel-target assemblies containing two concentric U-235 fuel tubes and three Li-AI targets. The inner target is separately 
dischargeable (Mark VI-â‚¬ 

Fuel assemblies containing three concentric U235-A1 fuel tubes used as fuels In the mixed-lattice production of Crn-244 
[Mark XIII. 
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1967  

1 9 8 8  

1 9 6 8  

1988 

1969 

1969 

1970 

1972 

1975 

1979 

1980  

1965 

1986  

1987 

Future 

Table 13 lc~nt .1 
Chronology: Fuel and Target Charges Used a t  SRP 

Mixed lattice U.233 production: three fuels containing three concent* U-235-A1 fuel tubes [Mark Xll-Al, and three Tho2 
target assemblies. Depleted uranium metal blanket, 

Un~e rsa l  SIEVE housings used for Mark 1 4  

Mixed lbttice Pu-239 pmductim and high burnup o fo ra l l ~ fue l :  fuelsconmining three concentric U-235Al  fuel tubes (Mark 
141, and depleted uranium metal target e s s e ~ l i e s  [Mark 301. Twgets were staged t o  i n c m a s  fuel burnup.a 

Mixed lattice Pu-242 production initiated: three concentric Pu-239-240-A1 tubes [Mark 401 

h gn f l a  (7 x 10'5 1J[crn2 s ~ c i l  Cf.252 p - ~ d x t i o n  [b. lorn um-I campa gnl: three cnrcer:-IC U-P3E-Al fuel L ~ S  SOK &mt 
taig with PA, Cm. anc Am t a r w t  m a t r s l .  Farst use @ JnNETSaa sleeue-hods,nQ with irtegral target macepi4 [Pd-242:. Fuel 
with A1 housing [Mark 1 8 1  fuel with target housing [Mark 1 BAJ 

Pu-239 production w t h  low Pu-236 [less than 0 ,3  ppml 

Tritium producer charge, c m ~ n t r i c  U-235-A1 end Li-A1 tubes [two nfeach per assemblyl. Compatible with unimrselsleeve 
housing [Mark 221. 

Mark 16-31 mixed lattice with 2 4  Mark 41  Pu02-A1 assemblies in Mark 3 1  target positmns for cmcentrating Pu-242, 

Mark 165.31 mixed b t t i c e ~ t h  special target slugs replacing Mark 1 6 6  L-A! inner targetsin six Mark 165 assemblies for 
pmduction of special ~satapes. 

Mark 168-31 mixed lattice with 5 6  Pu-239-240-A1 Mark 4 2  assembiles for producing high ovsey Pu-242 plutonium, 

3 percent PC-240 prducbon with Mark 166-31 charge witium production with Mark 2 2  charge 1C-Fleactarl; Pu-242 
pmduction in Mark 4 2  assemblies: Pu-235 production in Mark 53.b 

Dperacbn wlth Pu-239 poducer charge, Me* I 5  assemblies of concentric slighttyenrjci-md uranium metal (1. I percent U. 
2351 slugs. Swer-grade production ln one reactor [late FY 19861. Compatibl~ with universal sleeve h0using.c 

Test iwadiat'mn of Mark 226-25 n ix&  la t tke for increased efficiency of 3 percent Pu-240 plutonium pmducti0n.d 

Mixed lattice charges with U30rAl fuel assemblies drivers fabricated with powder metallurgy techniwes. 

d M C ,  FY 1986 WDA,  P m 4 .  p, 364 

So"-, Church, DPS7SA.lO&?, Rw. ? Z I B ? ,  pp. G3541. 
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Table 14 
Nominal Operating Parameters for Typical SRP Charges 

Unifmrmm Mixed-Lamice UmifnrmlPu-239 

Principal Fuel Mark 22 Ma-k 166 Mark 1 5 a  

Prhcipal Target L~thium Houslngs Mark 31 

Power, Mw 6.0 7.4 4.7 
Per O r ~ e r  

Per Target 2.5-4.8 

Total Re8ccor 2400 21 5 0 - 2 3 0  2470 

Uranium235 3,2 
Loading per fuel 
assembw, kg 

Total charge 1400 
loading, kg 

Enrichment, Yo 75 

Burnup, % 40-Eâ‚ 

Final 403,000- ~00,000-400.~00 75.003 
Exposure,MwD SCiU,OOO 

Therind Neumn 1 xi014 2x1014 
Flux. n/cm2 secl 

SmaM CormlHigh F!UI 

3 t&e - enrichad Uh 

Transuranic isatapes 

8-21 
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Savannah River Fuel and Target Fabrication Facilities 

Fiwre 66 Preheated Billet Immediately Prior to Extrusion 

ADDRESS: See Savannab River Plant 

LQCATIOM 300-M area at Savannah River 
Plant 

MISSION: Fabrication of driver he1 and tar- 
get elements to be irradiated in 
SRP production reactors. Major 
products are extruded fud tubes 
of enriched uranium-aluminum 
alloy, extruded target tubes of lith- 
ium-aluminum alloy [for tritium 
production], and aluminum 
canned targets of depleted urani- 
um metal (for plutonium produc- 
tion). 

ESTABLISHMENT: Fuel fabrication operations at M- 
area begun 1952.1 

FACILITIES: -Alloy Extrusion Plant [321-MJ 
Uranium Metal Fabrication Plant 
[313-M) 
Target Extrusion Plant (32.0-MJ 

*Metallurgical Laboratory (322-M) 
*Fuel Production Facility [to be 

completed in 1988) 

Process Rescriptionsz 
At the Fabrication Facilities materials including 

lithium, depleted uranium, enriched uranium, and alu- 
minum go thrnugb various metal working operations 
such as casting, machining, plating, extrusion, and weld- 
ing. Depleted and slightly enriched uranium target cores 
are received from the Feed Materials Production Center 
(FMPC) at Fermld, Ohio, for treatment and canning at 
the 31344 building. Highly enriched uranium for driver 
fuel is received-From the Y-12 Plant at Oak l7idg-t 
the 321-M building, where it is alloyed with aluminum, 
The HEU-A1 billets are extruded into fuel tubes for use 
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Finurn 69 Enriched Fuel Tube Leaving the Press 

with targets of lithium or depleted uranium. Also, 
enriched lithium is received from the Y-12 Plant at the 
320-M building, where it is alloyed with aluminum and 
extruded into Li-A1 target tubes For tritium production. 

Tubular fuel and target elements are manufactured 
in the 321-M building by coextrusion of a composite bil- 
let, In this process, the tube is formed and the core is 
simultaneously clad with aluminum. Cares consist of 
fuel or target material dispersed in an aluminum n~atrix. 
Most elements manufactured it1 the 321.M bulldinz (:on- 
tain enriched uranium cores, but some contain  to- 
nium and neptunium cores that are fabricated in the 
separations areas. After extrusion, tubes are chemically 
cleaned to mmove graphite and lead-oil lubricant. They 
are successively treated with hot perchloroethylene, 
caustic solution (sodium hydroxide), and nitric aci& 
intermediate and final water rinses are also used. 

Iu the 313-M building, target and fuel elements for 
SRP reactors with natural (0.7 percent U-2351, depleted 
uO.14-0.20 percent U-2351, or sligbtly enriched (up to 1.1 
percent U-235) uranium are bonded in aluminum cans 
by several techniques. Since 1968, only depleted ura- 
nium cores have been used in conjunction with high 
enriched drivers, with the exception OF some experimen- 
tal cores containing 1.1 percent U-235 processed in 1972. 

The depleted b ~ a t ~ h r n  cores, after receipt f r u m  tho 
Feed Materials Processine Center WMPCI. are cleaned at 
SRP with boding perchl&oethyleAe and'hot nibic acid, 
anodically etched, and then electroplated to form a 0.3- 
mil-tbick nickel layer. The nickel assures a good bond 
with the aluminum can and protects the uranium from 
oxidation during heating. The nickel-plated core is 

-8 

Figure 70  Uranium Fuel C l e a n ~ ~ g  Process 

loaded into an aluminum can, capped, preheated to 540 
C, and pressed through a die to size the can onto the core. 
The canned elements are then cleaned, welded, 
inspected, and tested. 

Stacting in 1988, SRP drivers are to be fabricated 
from uranium oxide (U308]-aluminum alloy instead of U- 
A1 metal alloy. A new powder metallurgy [PhQ process is 
to replace the melting, casting, and machining processes 
previously used to form fuel billets. PM will reduce fuel 
manufacturing costs and increase reactor productivity. 
In addition, conversion operations for recycle uranium 
are to be transferred from Y-12 to S W ,  where oralloy 
from Y-12, recycle uranium oxide from ICPP, and recycle 
uranium nitrate are to be converted to U30e:l 

Production Activities 
Over one-quarter-million slugs, housings, control 

rods, fuel tubes, and target tubes are produced annually 
by about 300 employees.4 
Fuel and target assemblies fahricated to suppod 
plutonium and tritium productiou: 

FY Production (MT) 
1983 20005 
1984 32000 

Activities in FY 1983 and FY 1984 included 
fabrication of Mark 16B driver assemblies and Mark 31A 
target assetublics fur super-wade pluto~iium production, 
and fabrication of Mark 22 assemblies for tritium ~roduc-  
tion. A Mark 22-25s test change was fabricate3 in FY 
1986.7 
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Facilities8 
Fuel fabrication and support activities are conducted in 
four 300 area facilities: 

Alloy Extrusion Plant [321-M] 
Casting furnaces for preparation of HEU-alumi- 
num billets 
Coextcusion of composite billets to form alumi- 
num clad cores 

U m i u m  Metal Fabrication Plant (313-MJ 
Fabrication of aluminum-aned natural, 
depleted, and slightly enriched uranium metal 
target and fuel elements for SR reactors 

Target Extrusion Plant (320-MJ 
Extmsion of lithium-aluminum tubes for tritium 
production 

Metallurgicul Luboratory 1322-MI . Testing of materials fabricated in 300 area 
Examination of materials irradiated in SRreactors 

Fuel Production Facility (to be completed in 19861 
Conversion of enriched uranium to uranium 
oxide [U308] 
Production of U308-aluminum billets using pow- 
der metallurgy process for extmsion into driver 
fuel tubes, replacing processes For U-Al metal 
he].  
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Savannah River Chemical Separations Facilities 

Figure 71 F-Are8 SHP 

ADDRESS: See Savannah River Plant 

LOCATION: Fuel processing and other chemi- 
cal separation facilities in 200 area 
at Savannah River Plant, occupy- 
ing about 8 square kilometers near 
center of plant site 

MISSION: Processing of irradiated SRP pm- 
duction reactor [l] driver fuel ele- 
ments (in the 200-H area) for U- 
235 recovery; (2) natural or deplet- 
ed uranium target elements (in the 
200Â° area) for plutonium recov- 
ery; and (3) enriched lithium tar- 
get elements (in the 232, 234, and 
238-H areas) for tritium recovery 

1 finfiminmtol Hndiafinn S i i r r~ i l lonc~ Rsport, July 1982-lune1933, GSordaDepailiiwiu 
if Natural Resouluea, Enviro8hnedFitrtCC'lO" BVi9lOU. DD 37-50. 

ESTABLISHMENT: F-area and H-area chemical sepa- 
ration facilities became operation- 
al November 1954 and July 1955, 
respectively' 

FACILITIES: 200-F Area Chemical Plant [in- 
cluding canyons) 
200-H Area Chemical Plant (in- ~ ~ 

eluding canyons) 

Facilities (200-AREA 0PERATIONS)Z 
Two large chemical plants [one in the 200-F area and 

one in the 200-H area) process reactor irradiated ura- 
nium. The F area plant recovers and separates Pu-239, 
Np-237, and U-238 from irradiated natural or depleted 
uranium targets. The H area plant recovers uranium iso- 
topes, Np-237, and Pu-238 from irradiated enriched ura- 
nium fuel assemblies and converts the isotopes into a 
desired form for shipment. 
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Each chemical process facility, F and H plants, has 
two parallel "canyons" running south to north that con- 
stitute the process areas (see Figure 73): the heavily 
shielded hot canyon for processing high activity materi- 
als and the warm canyon for lower activity material. The 
canyons are 15 feet wide at the bottom and 30 feet wide at 
the top and are separated by four levels. The center sec- 
tion is  largely a service andprocess auxiliary area and is 
also divided into fuur Icvrls fscc F i~ure  741. ., 

The canyons contain equipment for the remote han- 
dling of radioactive materials. Significant pieces of pro- 
cess equipment rest on the floor. 

After irradiation in the SR production reactors, spent 
fuel and targets are sent to the F and H area separation 
areas. There is an approximately six-month cooling 
period between fuel element discharge from reactor oper- 
ations output and fuel reprocessing. 

The relation between the various activities and pm- 
cesses is illustrated in the material flow diagram (Figure 
75). The key operations involving the chemical separa- 
tion areas facilities are summarized below. 

Chemical Separations Facilities: Building 221-F 
and H Canyon Operations: Reactor irradiated materials 
are dissolved, then chemically treated to separate the 
various products. Major products and byproducts 
include isotopes of plutonium, uranium, and neptu- 
nium. High-level liquid wastes are evaporated and piped 
into storage tanks. 

Receiving Basin for Offsite Fuel [RBOFJ Operations. 
This operation includes the receiving and unloading of 
transport casks which contain reactor irradiated non- 
commercial fuel. These fuels are stored and in some 
instances are reloaded into casks for transport to the 
chemical separations facilities. 

Tronsportation.Radioactive materials are trans- 
ported between the facilities of the 200 Area. 

Burial Ground Facility, BuiJding 6 4 3 4  Operations. 
Solid radioactive waste originating at the SRP site is 
stored at the burial ground [I95 acres] in above- and 
below-ground locations. Disposal of solid radioactive 
waste at the burial ground began in early 1953.3 
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Figure 73 Separations Building Cross-Section Source: D.H. Sloddard and C.T. Randall. Safety Analys- Area Sawn- 
"ah River Plant Separation Area Oiwations IDPSTSA-BOQ-10. Savannah 
River Laboratory, August l S e O 1 ,  p. Ill21 

A-Line Operations. This F area facility converts 
recovered U-238 nitrate solutions into uranium trioxide 
powder. In H area, a uranium solution trailer-loading sta- 
tion is sometimes referred to as H area A-Line. 

Seepage and Retention Basins. Liquid waste streams 
containing very low levels of radioactivity are disposed 
of through seepage basins where the liquid migrates 
through the soil, or evaporates. Process cooling water or 
storm drainage that may be contaminated are temporarily 
stored in retention basins until analyses can be obtained 
to determine disposition. 

JB-Line Operations. This F area operation concen- 
trates and purifies Pu-239 from the F area chemical sepa- 
ration facilities. Process operations include cation 
exchange, precipitation and filtering, drying and conver- 
sion, and reduction and finishing steps. Metal plutonium 
buttons are shipped from the facility. Recovery opeia- 
tions are also performed. 

HE-Line Operations. Pu-238 and Np-237 from both 
chemical separations facilities are converted from liq- 
uids to powdered oxide form in this H area operation. 
Recovery operations are also performed. Both plutonium 

and neptunium are shipped to other plant facilities, 
although the Pu-238 may also be shipped off-plant. 

Uranvl Nitrate to Oxide Conversion, Currently HEU 
recovered in H Canyon is shipped as liquid uranyl nitrate 
to the Y-12 Plant at Oak Ridee for conversion to metal. ~~ ~ ~~ - 

DOE plans to build a conversion facility at SRP by late 
1989 to replace the Y-12 facility, in use since 1959.4 5 

Process Descriptions 
Casks containing material for processing are deliv- 

ered by a plant-operated railroad to the hot canyon. In 
both the H and F chemical processing plants, the first 
step is to dissolve the fuel, a process that liberates vola- 
tile fission products and generates solutions with high 
concentrations of radioactivity. The initial separation 
yields solutions of plutonium, uranium, or neptunium 
product, and a high-activity liquid waste containing non- 
volatile fission products. After the fission products are 
removed sufficiently from the product solutions, further 
processing can be done in unshielded areas, where the 
products (e.g., plutonium and uranium) may be con- 
verted from solution form to solids. 

4 HAC, FY I986 EWDA. Van+ .  pp. 477-82. 
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Figure 74 Warm Canyon Interior One of the Chemical Separatfons Facilities at  SUP prior' to startup 

Figure 75 Separations Processes in the 200 Area 
Source: ERDA. -Visit by Soutti Carolina and Georgia Envi'r~nmevtal Grows. 

Savannah Rhw Plant," Savannah R h r  Dperataona Office, 24March 1976 

Chemical Processing and Pu-239 Recovery in the 
F area 
In the 221-F canyon building, the Purex solvent 

extraction process is used to recover Pu-239 from irradi- 
ated uranium. Special or subsidiary programs include " . .. 
processing of highly irradiated plutonium and recovery 
of neDtunlum. Neotunium oxide fNn021 is used as a tar- 
get material for PG-238 production at ~b.  

Fuel processing begins with dissolution of the fuel 
(see Figure 76). With the normal aluminum-clad, metal- 
lic uranium fuel, thealuminumcladding is dissolved ina 
sodium hydroxide-sodium nitrate solution, with evolu- 
tion of ammonia and hydrogen. After the decladding 
solution with contained aluminum is removed, the 
declad fuel is dissolved in nitric acid. 

In the first solvent extraction cycle, uranium and 
plutonium are extracted away from the remaining fission 
products with tributyl phosphate in a hydrocarbon 
dilutent and then separated from each other. The low 
enriched uranium [LEU) and plutonium are further puri- 
fied by separate second solvent extraction cycles. (For 
discussion of PUREX. see Volume II, Chapter Five,] 

The final LEU product solution (uranyl nitrate) is 
concentrated and sent outside the canyon for conversion 
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Figure 76 F-Area Separations Diagram 
Some: EmA, Savannah River Operations Office. "Integrated Radioactive 

W o e  Management Ran. Savannah RMT Plant. A h ,  South Carolina." 
SRO-TWM.76-1. June 1575. o. V-25. 

to uranium trioxide in the A-Line of the 221-F building. 
The oxide powder UqOg is stored onsite. F area generates 
2000 to 3000 drums of UOa powder per year. Currently, 
there are also over 20,000 drums of depleted uranium 
oxide in long-term storage.= 

In the warm canyon of the 221-F building, neptu- 
nium and residual plutonium are recovered by ion 
exchange from the fission product waste solution from 
solven<extraction. ~ e ~ t u n i u m  is further purified by ion 
exchanee. and the final uroduct solution is sent to the H- - .  
area neptunium line, the HB-Line. [The HB-Line con- 
verts neptunium-237 and plutonium-238 from both 
chemical separations areas to powder.) The plutonium is 
sent to a separate operation, the JB-Line, atop the 221-F 
canyon building where the plutonium is concentrated by 
ion exchange, precipitated as fluoride, and, with some 
further treatments, reduced to metal buttons.7 The metal 
buttons are shipped to Rocky Flats for manufacture into 
plutonium components of nuclear weapons. 

An $84 million Special Plutonium Recovery Facility 
for scrap recovery and blending operations is being con- 
structed adjacent to the JB-Line atop the F separations 
building. It is scheduled for completion in FY 1987. 

Figure 77 H-Area Separations Diagram 
Source: ERDA, Sasgnnŝ i River Operations Df-, "in-iiad f i a d i o a e  

Waste Management: Plan, Savannah Ruer Plane. Aiken, South Carolina, 
SRO-TWM-7B-1, June 1976. a. V-2R 

U-235 Recovery in the H area 
In the 221-H building the HM-process (or "H modi- 

fied" PUREX process) is used to separate uranium, nep- 
tunium, and plutonium from irradiated fuels containing 
from 1.1 percent to 94 percent uranium-235. Before 1959 
a PUREX process was used. Since then H area has been 
devoted primarily to recover enriched uraniumfrom SRP 
fuel. Currently, this is mainly highly enriched uranium 
[HEU). Enriched uranium is also recovered from fuel of 
domestic research reactors and from foreign reactors 
fueled with material produced or enriched by the United 
States. 

The H area facility dissolves fuels with a variety of 
claddings. Aluminum clad fuels are dissolved directly in 
nitric acid; zirconium or stainless steel cladding is first 
removed in an electrolytic dissolver [see Figure 77), with 
nitric acid electrolyte, and then the core material is dis- 
solved chemically in nitric acid. 

The solvent extraction operations are similar to 
those of the PUREX system (see PUREX, Volume 11, 
Chapter Five). Some chemical pmcesaes are different 
because of differences in the fuels. Uranium and neptu- 
nium are extracted from the fission products and sepa- 

8 IIAC, fry 1885 EWOA, Part 4, p. W Fundingwaa requ~.Stnrt in FY 1985 to m a t l u c l  a 
Urani iunOxideRep~c~ i~gFaui l i ly  (222 IF) lun>pai;kai;eaome 500U drumsthatalflrap- 
idlydaerioraune. 
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rated from each other in the first cycle; then each is 
further purified by two separate cycles of solvent extrac- 
tion. The highly enriched uranium product (HEU) solu- 
tion (uranyl nitrate) is not concentrated further but is 
transferred out of the building, loaded into tank trucks, 
and sent to the Y-12 Plant at Oak Ridge for conversion 
into metal to be recycled as driver fuel for the SRP pro- 
duction reactors. Low enriched uranium (2 to 3 percent 
U-235), from processing fuel in government owned test 
reactors, is recovered as uranyl nitrate and shipped to the 
Feed Material Production Center (Fernald Plant) for con- 
version into UFÃ feed for the enrichment plants. The nep- 
tunium product solution is transferred to a separate area 
in the building for separate purification. 

In a separate process system in the shielded H can- 
yon, irradiated neptunium-237 targets are dissolved in 
nitric acid, and pluto~um-238 and neptunium are sepa- 
rated from fission products and each other by a series of 
anion exchange resin columns. The product solutions of 
plutonium-238 and neptunium-237 are transferred to the 
finishing area, the HB-Line, where the two are concen- 
trated, precipitated as oxalate, and calcined to oxides. 
The plutonium oxide is packaged for shipment offsite, 
and the neptunium oxide is sent to the metallurgical 
building (235-F] for refabrication into billets to be made 
into reactor target elements. 

In addition to these main process efforts, various 
parts of the system have been used for special programs. 
Highly irradiated plutonium, for example, has been pro- 
cessed in both the solvent extraction and canyon anion 
exchange systems and finally discharged as oxide from 
the finishing area. A plutonium isotope mixture contain- 
ing appreciable Pu-238 has been routinely recovered by 
solvent extraction from the fission product waste stream 
from enriched uranium processing. Irradiated thorium 
has been processed in the solvent extraction system to 
recover U-233 using the THOREX process. 

Tritium Recovery 
The Tritium Facility (buildings 232-H, 234-H, and 

238-H) are a complex of buildings in which tritium is 
separated from irradiated lithium-aluminum targets, is 
further purified, and is packaged (see Figure 78). In the 
processing system, the lithium-aluminum targets are 
loaded into furnaces, and the gases are extracted under 
heat and vacuum. The furnace melts the aluminum hous- 
ing and the matrix of the target to liberate the gaseous 

Figure 78 Tritium Facility, SRP 

tritium. The impure gas contains tritium, helium-4 
(which has been formed along with tritium in neutron 
capture by lithium-6), helium-3 from tritium decay, and 
hydrogen (H-1) and deuterium (H-2) from the hydrated 
aluminum oxide surface of the targets. Thermal diffusion 
columns are used to purify the tritium.8 The hydrogen 
isotopes are first separated from the helium isotopes, and 
then tritium is separated from ordinary hydrogen and 
deuterium. 

Loaded tritium reservoirs are probably shipped 
directly to the Pantex Plant where weapon components 
are assembled into new nuclear weapons. Tritium decays 
radioactively, and the tritium reservoirs must be 
replaced periodically. Filled replacement reservoirs are 
shipped from SRP by air, truck, or other DOE approved 
transportation directly to Army Depots, Navy Installa- 
tions, and Air Force Bases in 16-gallon metal drums.9 
Some 325 to 365 personnel (1980-83) are employed at the 
Tritium Facility.lu 

Tritium is currently recovered from weapons com- 
ponents at the Mound Facility, The gas, which is contam- 
inated with helium-3, is then purified at Savannah River 
before reuse. Reclaiming components from the stockpile 
to reduce requirements for new production began at 
Savannah River in 1969.11 

30 ~ p r i 1 1 9 7 3 .  p. 100. 
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Savannah River Heavy Water Plant 

Figure 79 Heavy Water- Plant. The last of the three large heavy water separation units a t  SRP pnor t o  shutdown. 

ADDRESS: See Savannah River Plant 

LOCATION: Heavy Water Plant and heavy 
water recovery facilities located in 
400-D area at Savannah River 
Plant. 

MISSION: To provide a source of deuterium 
(D) for use in U.S. thermonuclear 
weapons (and the DOE fusion pro- 
grams) and to provide heavy water 
[D20) for use as the moderator in 
the production reactors at the Sa- 
vannah River Plant (and other 
DOE research reactors); plant on 
standby since 1982. 

ESTABLISHMENT; Production operations started 
1952 

History 
The Heavy Water Plant bagan production operations 

in October 1952. After a staged shutdown, it was placed 
on standby in 1982 and "probably will never be 
restarted."I The plant had been essentially the only 
source of deuterium and heavy water in the United 
States.2 It and a similar one at Dana, Indiana [operated 
1952-1957) provided the original supply of moderator1 
coolant for the Savannah River reactors, 

Process Description 
Heavy water (occurring naturally, in a concentration 

of about 0.015 percent) was separated from raw Savan- 
nab River water by a combination of hydrogen sulfide- 
water chemical exchange and water distillation (and, a1 
an earlier time, by electrolysis). 

The hydrogen sulfide extraction process was used to 
increase the DiO concentration from its natural abun- 
dance (about 0.015 percent) to about 8 percent. The dis- 

1 Dukeland Benjamin, DPST-fl2.1054, p. 6.1. 
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Figure 80 Aerial View ~f Partially Dismantled Heavy Water Plant at SRP 

tillation process was then used to reach reactor grade 
D , 0  (greater than 99.75 percent) and to reconcentrate 
heavy water that had picked up light water during use. 

Batch electrolysis was formerly used at the SRP 
heavy water plant to concentrate deuterium from 90 to 
99.87 percent, but this final concentration step was not 
needed when the plant was operated at reduced capacity, 
as had been the case for the last several years before shut- 
down.3 (For additional details, see Heavy Water Produc- 
tion, Volume 11, Chapter Five.) 

Facilities 

Heavy Water Plant. The Savannah River heavy water 
plant was constructed as three large units, each with 
eight separation units. Hydrogen sulfide gas was charged 
to the first unit in October 1952, and specification grade 
product (99.75 percent DzO) was produced in 1953.4 

The plant was producing 450 MT/yr within five 
years after startup.5 and an overall plant capacity of 480 

MT/yr, or about 160 MTIyr for each of the larger units, 
was eventually achieved. 

One of the larger units was shut down in January 
1957, reducing the plant capacity by about one third. In 
January 1958 the capacity was reduced by yet another 
half by shutdown of a second large unit. These two large 
units were dismantled prior to 1979.6 The one remaining 
large unit, with a capacity of about 177 MT, was operated 
at a reduced capacity of 65 to 69 MT/yr between 1977 and 
1981. (see Figure 79) 

In July 1980, to further reduce operating and mainte- 
nance expenses, DOE retired one half, or four, of the 
remaining separation units,' leaving a maximum capac- 
ity of about 90 metric tons annually. Retirement of these 
units terminate DOE'S option of having a sprint capacity 
of 180 metric tons annually "should a defense need 
arise."a 

In May 1982 DOE announced that it had terminated 
production of heavy water at Savannah River.9 (see Fig- 
ure 80) 

3 Benedb,  el 01,. OD. Cil., p. 742, 
4 uonald W. Kuhn. 'n,o-II,O separation." in ~ c a c t o r i i m d b ~ ~ k .  vnl. 1 ~ ~ i ~ ~ l i i l a ,  

by CJl. TlplOn,[r. (InleiacienctiPubl., N.Y., 19601, p. 5.1. 
5 LetterfromF.C [iilb(vt, Airting Deputy Assistant Secretary IorNuctear~at i ir iaIs .~~~.  to 

Thomas B. C o c h ,  17 September 19S1. 

G HASC, FY 19SODOR. p. 285, 

7 Letter frnm F-C.Gllbetl, ActingUw'~~A&uia~ua~ Se~reldis forNu~learMHleiidls, DOE, 10 
i f i  6. Cochran, 17 September 19S1. 

8 HASC, PY 1932 DOE, p. I66 
9 Nucleomc! Weck. a June 1-382. 
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Three-eighths capacity (65 MTIyr) was the minimum 
rate necessary to prevent corrosion and irreversible 
destruction of process equipment.10 Damage due to cor- 
rosive action was minimal for shutdown periods up to 
six weeks; once the plant was shut down for a six-month 
period, it could not be restarted due to self-destruction 
through corrosive action.11 

CHRONOLOGY: Heavy Water Plant 

1952 Startup of first unit 

1953 First production of 99.75 
percent DgO 

1953-56 Production increased to 450 
MTIyr 

Jan 1957 One unit shut down; capacity 
reduced to 320 MTIyr 

Jan 1958 Second unit shut down; 
capacity reduced to 177 MTIyr 

1958-76 Operation of one unit at 
capacity of 177 MTIyr 

1977-early 1982 Operation at 65 to 69 MTlyr 
(three-eighths capacity) 

1982 Operations terminated 

in HASC, PV 1WO DOE, up 285-86. 
I Ibid.. also .it p. 71. 
z D&CS and BBnjiutiui, DPST-82-1054, p. fi-I 

Moderator Rework Unit" The Rework Unit, which 
remains in operation, consists of four distillation towers 
and associated equipment for removing ordinary water 
[HyO] that has accumulated in the DzO reactor coolant 
during reactor operation. The unit operates both a waste 
campaign and a product campaign. Feed for the waste 
campaign is highly degraded coolant containing 1.25 to 
40 percent D20, and the product (which is stored as feed 
for the product campaign) contains about 50 percent 
D20. Feedstock for the product campaign is degraded 
coolant with a concentration of 40 to 90 percent DgO. 
Production is withdrawn at a concentration above 99 
percent for shipment to the reactors. 

Driver Cleaning Facility (421-Dj.13 Fifty-gallon 
drums used for heavy water storage and transport are 
cleaned with either acid or alkaline phosphate solutions 
before reuse. 

Analytical Laboratory (772-D)." The quality control 
laboratory in the 400 area is a support facility serving 
both the heavy water area and the reactor areas. 

For inventory, stockpile, and sales figures see Vol- 
ume II. Tables 3.25 and 3.26. 

13 Ibid. 
14 [bid. 
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Tonopah Test Range (TTR]' 
ADDRESS: 

LOCATION: 

MISSION: 

MANAGEMENT: 

ESTABLISHMENT: 

BUDGET: 

PERSONNEL: 

FACILITIES: 

Sandia National Laboratories 
P.O. Box 871 
Tonopah, NV 89049 
7021295-8234 

Nye County, Nevada, 32 miles 
southeast of Tonopah, Nevada, 
and 140 miles northwest of Las 
VegaS; approximately 369,230 
acres (577 square miles; bordered 
on three sides by Nellis Air Force 
Base Bombing and Gunnery Range 
(see Figure 30) 

A test site of the Sandia National 
Laboratories for the ballistics of 
nuclear weapons, parachutes, and 
other non-nuclear functions and 
parameters associated with nucle- 
ar weapons 

Operated for DOE by Sandia Na- 
tional Laboratories [SNL] under 
management of Albuquerque Op- 
erations Office [Sandia Laborato- 
ries operated by Sandia Corpora- 
tion, subsidiary of Western 
Electric Company, which is sub- 
sidiary of AT&T]; land is owned by 
Air Force 

(See Sandia National Laborato- 
ries] 

(See Sandia National Laborato- 
ries) 

Rocket launchers 
Mounts for gun barrels 

.Static rocket test pad 

.Drop targets 
Towers to support cameras and 
telemetry decoding and coding 
Stations for telescopes and 
radars 
Explosive storage facilities 

- - -- - - - 
TheTonopahTesI Range was establislied in 1957. At 

that time it came into limited use after similar facilities at 
Salton Sea Test Base. California, and at Yucca Flat on the 
Nevada Test Site became inadequate. The TTR site was a 
bombing range during World War 11. 

Nuclear Weapons Activities 
Testing activities at TTR have included air drops of 

simulated bombs, gun firings of artillery shells, ground 
launched rockets (for ballistics or materials properties 
measurements), rocket launches from aircraft, static 
rocket tests (e.g., for the TRIDENT I), use of the range as 
an impact area for cruise missiles launched from ships 
and submarines at sea. and exnlosive tests on shinuine 
and storage containers for nuclear weapons. Some of the 
latter tests have involved olutonium and kilomam ouan- " 
tities of depleted uranium and beryllium. 

L 

Non-nuclear Weapon Activities 
TTR i s  used for measurements of weapons ballistics, 

rocket and gun firings, and various tests with conven- 
tional chemical explosives. 

In 1963 a series called the Roller Coaster tests were 
carried out to study the spread of plutonium from the 
nonnuclear detonation of nuclear weapons, contaminat- 
ing the area. 

Assets 
(See Sandia National Laboratories] 
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Uranium Enrichment Enterprise 

Figure 81 Aerial View of Oak Ridge Gaseous Diffusion Plant 

ADDRESS: Oak Ridge Operations Office MISSION: 
P.O. Box E 
Oak Ridge, TN 37830 
502/4446301 (Paducah) 
6141289-2533 (Portsmouth) 
61515749200 (Oak Ridge) 

LOCATION: Facilities of Enrichment Enter- 
prise at following locations: - Paducah Gaseous Diffusion Plant 
(GDP]: Paducah, Kentucky 
Portsmouth GDP: Piketon, Ohio 
Oak Ridge GDP: Oak Ridge, Ten- 
nessee (on standby since end FY 
1985) MANAGEMENT: 
Centrifuge Plant Demonstration 
Facility [CPDFI (R&D Pilot 
Plant): Oak Ridge, Tennessee 
(shut down end of FY 1984) 

-Gas Centrifuge Enrichment Plant 
(GCEP]: Portsmouth GDP at  
Piketon, Ohio (cancelled while 
under construction in EY 1985) 
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The DOE uranium enrichment 
complex was constructed original- 
ly to produce highly enriched wa- 
nium for nuclear weapons. It is 
now used primarily to provide 
low enriched uranium [up to 5 
percent U-235) for domestic and 
foreign nuclear power reactors 
and, to a lesser degree, to provide 
the highly enriched uranium used 
in nuclear propulsion (naval) re- 
actors and some research and test 
reactors. 

Oak Ridge, Paducah, and Ports- 
mouth are GOCO facilities admin- 
istered through Oak Ridge Opera- 
tions Office; Oak Ridge and 
Paducah managed for DOE by 
Martin Marietta Energy Systems, 
Ins.; Portsmouth GDP by Good- 
year Atomic Corporation; Ports- 



Uranium Enrichment Enterprise 

Finurn 82 Aeriai View Paducah Gaseous Diffusion Plant 

mouth GCEP was to be managed 
by Goodyear Atomic. 

BUDGET: $1388.5 million, total Oak Ridge, 
Paducah, Portsmouth GDP (1986) 

PERSONNEL; 8267 total Oak Ridge, Paducah, 
Portsmouth GDP (March 1985) 

Gaseous Diffusion Plants (GDPs) 
The enrichment complex consists of three gaseous 

diffusion plants: Paducah, Portsmouth, and Oak Ridge. 
Oak Ridge was placed on standby at the end of FY 1985. 

The gaseous diffusion ulants ouerate as an integrated 
complex-in order to provide the best use of thesefacili- 
ties. The Paducah nlant serves as the bottom staee for the 
Portsmouth plant (and previously the Oak ~ i d g e  Plant), 
with most of the enriched product from Paducah shipped 
to Portsmouth for further enrichment. Portsmouth is the 
only plant capable of producing intermediate and high 
assay (i.e., high percentage of U-235) uranium. OakRidge 
is restricted to a maximum enrichment of about 4 percent 
and Paducah to a maximum of about 2 percent.' 

GDP Separative Work Capacity 
The capacities of the three gaseous diffusion plants, 

with the recent Cascade Uprating and Cascade Improve- 
ment Programs (CIPICUP), are? 

Oak Ridge: 7.7 million SWUIyear 
Paducah: 11.3 million SWUIyear 
Portsmouth: 8.3 million SWUIyear 
TOTAL; 27.3 million SWUIyear. 

Figure 83 Aerial View Portsmouth Gaseous Diffusion Plant 

At design conditions of the Cascade Upgrade Pro- 
gram (CUP), the plants have the following stream assays: 

Paducah 

% U-235 % U-235 % U-235 
Option Feed Product Tails 

Portsmouth 

% U-235 
Option Feed 

1. 0.711 
2. 1.0* 
3. various high 

assay feeds 
4. various high 

assay feeds 
5. various high 

assay feeds 

% U-235 % U-235 
Product Tails 

1.7 0.20 
2.6 0.20 
3.2 0.20 

various high 
assay products 0.20 

97.30 0.20 
maximum 

These assays represent the design conditions. Under 
actual operating conditions the feed and product assays 
would vary according to the assay of the material deliv- 
ered to the plants and the actual product assay require- 
ments of customers. 
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Epm 64 Integrated Three-Plant Operation 
Source; After  AEC Gaseous Olffusim Plant Operations, ORO-684, January 1BBS. p. 15. 

Integrated Operation. An example of integrated 
operation of all three plants is shown in Figure 84. Prod- 
uct enriched to about 1.0 percent at Paducah was 
s h i ~ ~ e d  to Oak Ridee and Portsmouth for additional 
enrichment. ~ ~ ~ i r a l l y ,  tails enriched to 0.3 percent were 
produced at Oak Ridge and Portsmouth and stored there. 
Occasionallv hieher assav tails were ~roduced and 
shipped to ~ a d u c a h  for further stripping. The plants may 
also operate independently. 

GDP Cascade Facilities 
Oak Ridge. The Oak Ridge GDP (currently on 

standby) is housed in five buildings: K-25 [the original 
building and the usual designation for the entire Oak 
Ridge plant), K-27, K-29, K-31, and K-33 (see Figures 81 
and 85). Construction of K-25 (2996 stages) was com- 
pleted in August 1945, K-27 (540 stages) in January 1946, 
K-29 (300 stages) in January 1951, K-31 (600 stages) in 
December 1951, and K-33 (640 stages) in June 1954. 

The K-25 and K-27 buildings were put on standby on 
30 June 1984, the first facilities shutdown following Pres- 
ident Jolmsou's announced cutbank in nuclear materials 
oroduction. [A small section of K-27 remained ooeratine 
as a purge cascade for the GDP.) The rest of the oak  id& 
GDP was placed on standby at the end of FY 1985. 

Paducah. The Paducah GDP was constructed 
between 1951 and 1954 on a 5000-acre site, including 
1400 acres comprising the Kentucky Ordnance Works, 16 
miles west of Paducah, Kentucky. There are 1812 separa- 

Fbam 83 Location of Facilities at the Oak Ridge Gaseous Diffusion 
Plant 

Sour-: PNLÃˆ462 Draft. Pacific Northmat Labomtan, Marcti 1383. p. 15.5 

tion stages housed in five buildings: C-310 (completed 
January 1953; 60 stages], C-331 [completed February 
1953; 400 stages), C-333 [completed November 1953; 480 
stages), C-335 (completed April 1954; 400 stages], and C- 
337 [completed December 1954; 472 stagesI3 (see Figures 
86 and 87). The plant processes irradiated uranium feed 
as well as virgin material.4 

Portsmouth. The cascades of the Portsmouth GDP 
were under construction between 1952 and 1956 and 
house 4060 stages in three buildings: X-326 (completed 
February 1956; 2340 stagesl. X-330 [comoleted lulv 1955; 
1100 stages), and X-333(completed ~ o ~ m b e r 1 9 5 5 :  640 
stam-SF (sue Figures 88 and 891. The Tails Withdrawal ~~~~ -~ ~~ ~~ ~ 

- ~ ~ ~~ 

~aci l i tv  is in the north east corner of the X-330 building 
and 111; Product Withdrawal Facility is in the south we; 
cnrncrof thcX-326 hnildine.^Thr Portsmouth ~ l a n t  ford " - .  
may include previously irradiated uranium.' 

6 Pacific Northwest Laboratory, p. 17.1. 
7 !bid., p. 17.5 
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F i w n  86 Paducah Gaseous Diffusion Plant 
SOUTCB. PNL-4821 Draft. Pacific N u t h w m  Laboratory, Ma-ch isB3. pp. Is.;. 1 6 3 ~  

Figure 87 Paducah Gaseous Diffusion Plant S i i  Plan 
Source PNL4621 Draft, PacificNorthwest Latai'aiow, Miarch 1983 pp. 16.2, 16.3. 

Advanced Isotope Separation 
The DOE Advanced Isotope Separation [AIS] Pro- 

gram focused on three processes for enriching uranium 
in U-235: atomic vapor laser isotope separation [AVLIS), 
molecular vapor laser isotope separation [MUS), and the 
plasma separation process (PSP]. At the end of April 
1982 AVLIS was selected over the other processes for fur- 
ther engineering development and demonstration at the 
LLNL.6 In June 1985 DOE chose AVLIS over the gas cen- 
trifuge as the process that would be developed to eventu- 
ally augment or replace the gaseous diffusion plants. At 
the time of the decision only about five kg or uranium 
bad been enriched to 3.2 percent in the AVLIS project.9 

The next stage in the AVLIS uranium enrichment 
program is demonstration at the LLNL Special Isotope 

Figure 88 Map of the Portsmouth Gaseous Diffusion Plant 

Source: PNL46ai Draft. PacificNnrchwest Latxiracnry. Maroh 1983. pp. 17.2. 17.3. 

S e m t i o n  Laboratory (SISL1 in 1988 in a 1 million SWU 
year capacity mndiile. This would he followeri by 

construction of a full-scale 10 million SWU per yearcorn- 
ninrcial facility, with stanup ill the mid-1990s at a project . . 
cost of $1.2 ti$1.6 billion (FY 1985].m 

Gas Centrifuge 
Gas centrifuge technology R&D and testing was con- 

ducted by DOE at the K-25 site on the Oak Ridge Reserva- 
tion, also the site of the Oak Ridge GDP. One hundred and 
twenty Set III gas centrifuges were installed and tested in 
the Centrifuge Plant Demonstration Facility (CPDF) in 
Oak Ridge. CPDF completed its mission and was shut- 
down. 

The gas centrifuge enrichment plant [GCEP] at Ports- 
mouth was originally scheduled for completion by 1994, 
with construction of eight process buildings at an esti- 
mated cost of $9 billion.11 When the plant was cancelled 
in June 1985 $2.6 billion had already been spent. 

The first increment of GCEP, with 2.2 million SWU 
capacity in two process buildings [each 1.1 million 
SWU), was planned for 1989. A portion of the first huild- 
ing, the first train of Set III machines [each building is 
divided into eight trains of 720 centrifuges each), went 

9 Nuclear Fuel, Â¥/Ãˆfff 1985, p. 4. 
10 Nuclear Fuel. 29Inly 1985, p. 3- 
11 Science, 19 August 1985, p. 730. 
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on-line to enrich uranium in 1985. Four trains of Set 111 
machines were procured before termination. Each build- 
ing was to house 5760 centrifuges.12 When completed, 
the plant was to have an annual capacity that reflected 
the state of centrifuge development in the late 1980s, and 
the capacity was to be several times the 8.8 million SWU 
originally anticipated as the baseline Set I1 machines 
alone.13 Using Set IV machines developed at Oak Ridge 
would have raised the capacity to the 13.2 million SWU 
capacity level (1.65 million SWU per building). Eventu- 
ally, use of advanced gas centrifuge (AGC) machines 
would have increased GCEP capacity to 26.4 million 
SWU after 1994 (3.3 million SWU per building). 

Set 111 machines had a verified annual capacity of 
200 SWU per machine, as demonstrated in the Centrifuge 
Plant Demonstration Facility [CPDF). Set IV machines 
were designed to produce about 300 SWU per year (1.5 
times Set nil and, as of mid-1983, had been demonstrated 
at about 280 SWU, Set V machines were being designed 
to produce 400 to 600 SWU per year (up to 3 times Set 111) 
and were to be ready for demonstration by early 1987.14 

Comparative Costs 
~nrnbarative power reqiiirpments and SWU wstsfor 

the various c i i r i ~ l i i ~ i ~ i i l  tb-chnologics itrc us fulluw~:1~ 

Power 
Enrichment Requirement Power Cost 
Technology kwh1SWU $/SW 

GD 2210 90-120 
GC Baseline 110 90 
GC AGC 110 40-60 
AVLIS Y l O  25-50 

' 8  ' & I  .,... .. . .,. -==. 

Figure 89 Portsmouth Gaseous Diffusion Plant Site Plan 
k c :  -4621 Draft, Pacific Northwest Laborecow March 1983 pp. 17.2. 17.3 

Management 
The Paducah. Portsmouth, and Oak Ridae nlants are 

GOCO operations administered through the oak Ridge 
Operations Office. Paducah and Oak Ridge GDPs are 
managed for DOE by Martin Marietta Energy Systems, 
Inc. under a contract that became effective 1 April 
19R4.1fi Prior to that the DOE contractor was Union Car- 
bide. Nuclear Division (UCCND) under a contract that 
expired 30 September 1983. The Portsmouth GDP is 
managed for DOE by the Goodyear Atomic Corporation 
under a contract that expires in 1988. The Portsmouth 
GCEP was to have been operated for DOE by Goodyear 
Atomic. UCCND was the key contractor in the Gas Centri- 
fuge Program. 
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Enrichment Production, Sales, and Inventory" 
(million SWUI 

End FY 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985" 

End FY 
1971 
1972 
1973 
1974 
1975 
I976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
19851" 
1986 

Inventory 
Production Sales In-Process 

Price lo 
For Defense Activites Government 

Naval Production Agencies 
Reactors (S/SWU) 

BUDGET: 
($ million) 

Oak Kidge Gaseous Diffusion Plant 
FY PowerCost2' Total Oak Ridge GDP 

* 1976 was a 15-month fiscal year. 

Paducah Gaseous Diffusion Plant 
FY PowerCost2= Total Paducah GDP 

~ ~ - -  - - 

17 BOE, U~aniiro EiirinhiiimT, Annual Report&. 
a Private communication, Oak Ridwe oueratiuns Office, 

1984'28 379.9 448.7 
13 KAC PY 1982 KWDA,Part 5,p.  T130. 1985 468.6 
ZO HAG FY 1984 EWDA Part 1, p, 490. 
21 H A C  FY 1935 EWDA. Part 4. P, 421; 1'Y 1986, ti. 376. 

1986 464.5 
22 HAC. FY 1986EWDA.Part 1,pp. 376,373,391, 1844. 
Z3 HAG PY 1934 E W A .  Fan 4. P& 296,310,490, HAC, l'"Y 1986EWDA. Part 4. p. 37K, 
z mal price: S100.80 per swu for enrichment gfBater than .I want and W-12 per SWIJ 

* 1976 was a 15-month Fiscal Year. 
for eunclinie~, IMS tinao.5 ucrcit .  

25 Coat of power suouil&d to the Cascade. 26 DOE. UraoimEnJichmem, 1984 Annual Row!, DOEOR-8M. 
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FY 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

ASSETS 

Portsmouth GDP 
Total Portsmouth 

Powercost25 GDP 
19.5 39.3 
40.2 64.2 
46.2 75.9 
54.8 93.2 
91.0 155.9 
162.1 292.6 
177.6 293.6 
192.3 323.1 
251.1 374.2 
125.4 247.6 
147.2 293.4 
136.8 451.5 
131.9 
173.4 337.7 

423.5 
250.7 

The enrichment facilities of the 
gaseous diffusion plants cover a 
ground area of 271.1 acres: 97.7 
acres at Portsmouth, 73.7 acres at 
Paducah, and 104.7 acres at Oak 
Ridge (including 56.1 acres by the 
K-25 and K-27 buildings).The to- 
tal investment in plant and capital 
equipment at the three gaseous 
diffusion plant sites at the end of 
FY 1984 was $3.86 billion: $1.30 
billion at Portsmouth, $1.39 bil- 
lion at Paducah, and $1.16 bilion 
at Portsmouth. The investment in 
the cancelled GCEP was about 
$2.6 billion.27 

PERSONNELS" 
Oak 

Ridge 
FY GDP 

1971 2750 
1972 2783 
1973 3077 
1974 3490 
1975 (Sep) 4849 
1976 5872 
1977 6333 
1978 6275 
1979 6177 
1980 6031 

1983 4313 
1984 3963 
1985 [Mar) 3869 

Paducah 
GDP 
1177 

Portsmouth 
GDP 
1371 

Total 
5298 

27 DOE, UriHium Enrichment, 19.34 Annual Haport. noE/OR-e~a. 
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28 DOE, GOTO timplovmf~il, Cornpuler pilntmit lor Oflice 04 Industrial Kelatione, R- 
5529309-012.29 A w t  IMS. 












