
Types of Tests 

Figure 2 14 Large Diameter Drill Bits are used to drill "Big Holes" a t  
the Nevada Test Site BIQ holes measure from 36 to 144 inches in 
diameter with depths from a few hundred t o  five thousand feet Above 
the bit are massive steel collars measuring just a few inches less than 
the bit and weighinq up to 450,000 Ibs These collars concentrate 
weight on the bottom of the hole far faster cutting 

without exception, it is not publicly known which test is 
for which weauon svstem. thoueh there is information on 
a few [see Append& B, Table I] 

Most weanons related tests are conducted in vertical 
shafts {see ~ i g u r e  2 131 Huge drill bits bore holes fro& 
600 to 5000 feet in depth and from 3 to 1 2  feet in diameter 
[see Figure 2 14 and Figure 2 15) 

The nuclear warhead, or device, is placed at the 
lower end of a long (up to 200 feet) cylindrical capsule or 
canister (see Figure 2 16) Diagnostic systems are usually 
contained within the same canister and normally make 
up the greater part of its length Canisters have increased 
to an average weight of over 100,000 Ibs in 1981 (up from 
an average 65,000 lbs in 1978) 3? 

A considerable bundle of electrical cables connects 
the firing and diagnostic systems to the surface recording 
stations (Figure 2 17) As the degree of complexity has 

33 HASC FY 19B3 DOE p 109 In 1DB1 the cnst nt a canisterwasover FA"" DM) will3 some 
costiii" over $1 million 

34 HASC FY ,985 DOK p 338 
35 A v svstcni when fully ""cration~l will allow onlv two dara to lower the dm'ice 

Figure 2 15 The iDECO 2500 Drill Rig This 2,000 horsepower die- 
sel eletric: no is rpinabl~ of dnllino holes 72 to 140 mches in diameter 
t o  depths of4,000 feet The rated 
Mast is 1,400,000 pounds 

capacity of its 156 foot Pyramid 

increased, so too have the number and length of cables 
used per event In 1984, 115 cables totalling over 33 
miles [on average] were used per event, up from 71 cables 
totalling 1 7  miles five years earlier 

After the canister containing the device and diagnos- 
tic equipment is lowered,35 the hole is closed by backfill- 
ing with sand and gravel (called "stemming"] and from 
one to three coal tar epoxy plugs Currently "stemming" 
takes about two weeks The stemming and plugs are 
meant to contain the explosion, preventing radiation 
from escaping Sfi 

When everything is in place, the test device is fired 
by sending a specific sequence of signals from the control 
point to the* "Red Shack" near Ground Zero The Red 
Shack houses the arming and firing equipment The diag- 
nostic equipment in the canisterdetects the explosion 
and information is sent uphole through the cables 

311 Tin, hasbaan ~imasafu! icss than two thirds of thn tim mthe BID announced t e d x  at  
NTSthrou&Decemberl&S-l radioactirily wasdelebledonailc in93115 perccnl) and ofl 
site m13d 122 percent1 The mount of redinaclivityand how fai il travelscan eomntimes 
becttcnsn'c ShntBancbwrv[Ifl December15701 v~ntedfinenurmuus amauntof redioac- 
*icy s m e  at which reached ranada 
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Figure 2 16 Canister 

Within a fraction of a millisecond following the detona- 
tion, the sensors and cables are destroyed, but by that 
time the data has been transmitted to the recording sta- 
tions or to the control point This technique, known as 
prompt diagnostics, measures whether the nuclear 
device performed to design specifications 

When the device detonates, it creates a large under- 
ground cavity, the bottom of which quickly fills with 
molten rock material and debris As the heat and pres- 
sure subside, material begins to fall into the cavity, creat- 
ing a void that progressively works its way up (see Figure 
2 18) If the void reaches the surface, the overlying rock 
collapses under its own weight, producing a large subsi- 
dence crater (see Figure 2 19) The size of the under- 
ground cavity and the surface crater (if it forms) depends 
upon the yield of the explosion, the depth of burial, and 
the physical properties of the medium in which it is deto- 
nated 

A second technique used to measure whether the 
device performed to design specifications is nuclear 
chemistry diagnostics, where laboratory analyses are 

a7 ~onaldl.  Sobifi SawcyCloaksTesttngofAwsi~imeNuclearAnna LosA~l~f . l f i~Tlmm 
(27 Nuvember 1%): 23 

38 SAC r Y  i o 8 ~  mn part 3 p 530 ~ o v i e t  a d  ~ a s t  ~uropean military equipment isslyo 
~ubjacto.4 to U S  weaponseffectstenm 

made of radioactive materials produced by the explo- 
sion The material samples, either solids or gases, are 
taken from the cavity as soon as possible after the detona- 
tion and returned to either LANL or LLNL for analysis 
From the samples nuclear chemists can learn about 
explosive yield and burn efficiency (how much nuclear 
fuel was used) New approaches are being developed that 
will retrieve gases from a test hole within minutes after 
the detonation 

The NTS is pockmarked with severdl hundred cra- 
ters of various sizes from 200 to 2000 feet indiameter and 
up to 200 feet deep [see Figure 2 20 and 2 21) Astronauts 
have used the test site for training missions prior to their 
journeys to the moon 

The cost of a weapon development test is between $6 
million and $20 million '" 

The purpose of a weapons effects test is to research 
the range of nuclear effects~airblast, ground and water 
shock, heat, electromagnetic pulse, neutrons, gamma and 
x-rays~and to apply that knowledge to military systems, 
plans, and policy More specifically, the test program 
assesses the survivability of U S  military systems in a 
nuclear environment and predicts lethality levels for 
destruction of enemy forces and equipment 36 The 
Defense Nuclear Agency (DNA) is responsible for 
research in this area In recent years it has conducted 
from two to four tests a year at the NTS Overall they have 
accounted for 11 percent of the tests (see Table B 4 in 
Appendix B) 

Most weapons effects tests are conducted within a 
horizontally mined tunnel drilled into a mesa Figure 
2 22 shows a typical DNA effects test arrangement A lab- 
oratory supplied device is located in the Zero Room, 
which is connected to a long, horizontal line of sight 
(HLOS) pipe approximately 1000 feet long containing 
several test chambers The pipe is usually about 1300 feet 
below ground and is tapered Various pieces of military 
hardware such as missile reentry vehicles, communica- 
tion equipment, or other components are placed in the 
test chambers The HLOS pipe may be vacuum pumped 
to less than one micron [one millionth of a meter) of pres- 
sure to simulate conditions in space Various rapid clo- 
sure mechanisms in the HLOS allow radiation generated 
by the nuclear device to reach test chambers but prevent 
the escape of debris and radioactive gases Following the 
test military hardware is retrieved from the test chambers 
and the effects of the explosion are evaluated at laborato- 
ries Because of the more extensive tunnelling needed for 
a horizontal effects test (see Figure 2 231, costs are higher 
than for development tests, ranging betwen $40 million 
and $70 million per test 39 

Stockpile Reliability 
Periodically design flaws common to certain types of 

strategic and tactical warheads have been discovered 

a9 W e  Secrecy CloiksTertiiui p 23 Rick Atkinson Uiider~r<wndlt;vents TcatMet- 
c d U S  Atomichsanal Wwhinflton Poal[29 May 1984): A6 
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Table 2 9 
Recent Weapons Effects Tests 

Date Evmt 
06/24/BO Huron King 

10/31 [fid Miners Iran 

03/23/82 Huron Landing 

09/23/32 Diamond Ace 

05/26/83 Mini Jade 

09/21/83 Midnight Zephyr 

0211 5/84 Midas MyHi 

04/6/85 M is t y  Rain 

101091B5 Mill Yard 

I Oi09lRS D la imrd  Beech 
0411 0186 Mighty Oak 

Scheduled 
Dec 7986 Middle Note  
Sep 1987 Mission Cyder 
FY 1907 Mineral Quarry 
FY 1987 Mis ty  Echo 

Purpose 

Part of an Air Force and National Security Agency program to  improve the database on nuclear 
hardening design techniques for satellites A vertical line of sight test  using a small DSCS Ill 
o ro to tv~e [see Fiaure 2 241 
A t es t t o  evaluate the nuclear hardness of candidate materials for MX components such as motor 
cases, ablative nozzle, propellant and external booster parts The test used 2000 channels of 
data 
A horizontal lire of s g i t  test on MX co'npoients It was one of tne Isrges:. mas: cc^mp ex tests 
DP.A ever uio ~ s n g  3003  channels of dula to  assess 400 separate experimei:~ 
The first event in the Distant Arbor series A ioint DNAIDOE test to  ~i-ovide detailed diaanostic - 
data of the radiation output of a low-yield nuclear device 
A test to  obtain data to  predict ground motion and cratering prediction The test  was conducted 
in a hemispherical cavity having an eleven meter radius 
The second event in the Distant Arbor series A joht DMA/DGE test to  provide data for a low 
yield test bed 
The f irst test  in a series of three t o  validate hardness soecifications for maior elements of the 
tr ad This 630 foe': line of siqht test  prowdea data on t i e  nuclear iard iess of strategic reentry 
systems, specifically tne MX s Mark 2 1  F r s t  use of mass strano 'be- optics cab es wi ich 
provide clearer reception of data and are secure from "taoping." thus improving the level of . .  - 
security 
The second in a series to  validate hardness specifications A 9 0 0  foot line of sight tes t  in support 
of the MX system, specifically the MK21 reentry vehicle Also included was a satellite vulnerability 
experiment to  tes t  i t s  electronics in a radiation environment Some X-ray laser lethality testing 
was also conducted 
A second cavity exoerimant. similar to  Mini Jade. obtained data on cratering phenomenologv and . . . . ~ 

airblest pnenunena A so acdresseo iss-es on supernaraening silos an2 the bas ng 3f tho s n a l  
IC3M The $not u?cd 3 very low yielc device dernnoted a t  grouna lrwl in o 22 mete- ~m'no tor  
hemispherical cavity 
Third and final omof test for low vield fast bed 
T ie  firal test  t o  val date hardness specifications for the Mark-21 sen t ry  venic e for the M X  
rrissi e and the f irst va h a t  on tes t  for the TRIDENT II (0-5) reentry system X-ray laser ethadtv 
experiments were also conducted Test malfunctioned Yield was 1 3  K t  Former tests in the 
series wore Mdm Myth  and Mitv Rain 

Second validation test  for TRIDENT II Mk5 reentry sustem and SICBM Dpoaram . , . - 
Large scale event to support vaiioaticn of 0 - 5  systens ard S CBM program 
Large scale event tc  support valiaaticn of 0-5 systens ana S CUM progran 
~ h i r d  of a series of three events executed in underorcund cavities to  measure the ~hemmenoloav - 
of nuclear craters The event is planned m evaluate the contribution of nuclear radiation ta  the 
formatinn of a crater 

? Dianne Drum 
Sep 1969 Disk! Elm 
Apr 1991 Diagonal Light 
? Huron Forest 

S(h.#ces SAC FY lae530D.Pam3 DO 530 533.33 hbC FV1365000 Â¥'ax pp 5:S-53:hA3C.eY 1985000 =arc4 DD 3Â£ hAC FY '8WDOn Pan4  DO t35 404. 
A W I - Y  ;Yt-'WU Pn-i5 w Y/i:-/6.S4C b Y - W 4 O u ' J  #flit2 u 8W.r-AfcC n ' l Y Y 3 ' J U U  f-'aiiu pi- l?L? i F 2  -A& ^ v i w ? W U  Pa%4 Â 1136 

through inspection, testing, and accidents The most fre- 
quent problems appear to be associated with corrosion of 
fissile material, inoperahility of mechanical arming sys- 
tems, and sensitivity or deterioration of the chemical 
high explosives These design failures have rendered 
numbers of stockpiled warheads inoperable and have 
increased the workload of the production complex in 
order to rework or replace the defective warheads or 
components In some instances test explosions were con- 

ducted to confirm that the problems were resolved 
Examples of the problems that have been identified in 
the open literature 

W47/POLARIS SLBM. Several problems developed 
with the Lawrence Livermore designed W47 warhead for 
the POLARIS A1 and A2 SLBM In December 1961, dur- 
ing scheduled surveillance, weapon engineers discov- 
ered that significant corrosion had occurred in the fissile 

40 See principally luck W Rose- Some Littit: Puhlici~ud ~imcdtieis with a ~ ~ c l e i  
Freeze Study sponsored by Office 01 ri~miatiunal s t y  Affairs w~october 1983 
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cables and recording tr-ailers 

material of the 600 Kt W47Y1 Mod 1 warhead The engi- 
neers suspected that the corrosion would have resulted 
in either a dud or a much reduced yield Observations of 
additional warheads yielded evidence of similar corro- 
sion To see if the engineers' supposition was correct, a 
test explosion was conducted at NTS using an extremely 
corroded W47 Though the yield was low it was still 
within the acceptable range Nevertheless during the 
retrofit period that followed, 20 percent of the W47Y1 
Mod 1 warheads in the stockpile were replaced with new 
ones and a slight design change, W47Y1 Mod 2, pre- 
vented similar cormsion 41 

Tests of the W47Y1 warhead had been conducted 
prior to the start of the test moratorium in October 1958 
One, held earlier that year, was a safety test of the W47 
designed to determine whether it was "one-point safe "42 

The resultine vield was about one hundred tons. instead 
of the neglgble amount required To overcome this 
safety defect the warhead design was modified to incor- 
porate a mechanical safing system This W47Y1 Mod 1 

-11 A =-ion problem also 0-d with the Lawrence Llvenncre desiped 200 Kt W5B 
warhead forthe POLARLS A3 SLBMhring the IS708 Itwas muntiwd by mrlain minor 
champa without furlher nudear teststeins requk~d ur day maim rebuilding 

V. One point solo means that the probability of achieuinfi a nuclear yield than tour 
po-dsof mequivalentshallnut fc^ceedona lamemillion In  ihciivontota detonntiun 

was used for the production warheads first delivered in 
April 1960 [on an emergency basis) with nonnal produc- 
tion commencing in Tune 1960 

During 1963, two years after weapon testing 
resumed, engineers discovered that the W47Y1 mechani- 
cal one-point-safety system would not fully complete its 
arming operation, rendering the warhead a dud Appar- 
ently, the arming system motor was too weak to over- 
come friction, thus preventing full arming The engineers 
believed they could correct this problem with a stronger 
motor 

This modified design was also incorporated into the 
W47Y2, a higher yield (BOO Kt) version of the W47 which 
entered the stockpile in February 1963 During a non- 
nuclear test, in August 1965, the mechanical safing sys- 
tem in this higher yield version operated only half way 
andthus would have produced a dud Atthe time of the 
August 1965 test about three out of four of the higher 
yield W47s (some 108 of the 144 then deployed) had this 
problem 44 

initiated at the sineli; most aeiiKilivr: point in the high explosive systnn 
43 Walter V'-, Dud lm Polaris Warheads Surface in Teat Ban Debate W d l -  

Post I2 December 19781: 4 
M It isestimatedthatthe ovcmlllailureratelor W 4 7  warhandswould hovebeen about 50  

" e m ,  
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Figure 2 18 Subsidence crater formation Susidence craters may form minutes, days, or weeks after the explosion 

After further tests of the W47 Livermore en,,' "ineers 
incorporated new features (some borrowed from a simi- 
lar warhead) The redesigned W47Y2 Mod 3 was without 
mechanical sating but was both one-point-safe and capa- 
ble of a full yield By late 1967 the Atomic Energy Com- 
mission proceeded to rebuild the entire W47 stockpile- 
estimated to be enough for thirteen SSBNs (208) plus 
spares~converting all warheads to the revised version, 
W47Y2 Mod 3 The redesigned version also required the 
addition of more weapon-grade plutonium 

W56IMINIITEMAN ICBM. Flaws in the mechanical 
arming system was also found in the Lawrence 
Livermore designed 1 2 Mt W56 warhead for MINUTE- 
MAN 1 and I1 ICBMs Production of the W56 began in 
March 1963 After about one hundred warheads were 
produced, weapon engineers discovered that the arming 
mechanism did not fully complete its operation, again 
possibly leading to a dud While production continued 

through 1963 a minor design change was devised to cor- 
rect the problem Ft was concluded that it could be confi- 
dently incorporated into the new warheads without 
requiring a test explosion In late 1963 all 160 W56 war- 
heads thus far produced were returned from stockpile to 
be rebuilt Eventually about 850 were produced until 
May 1969,450 of which are still deployed on MINUTE- 
MAN I1 ICBMs 

W451 TERRIER, MADM, UTTLE JOHN. The W45 is 
the warhead for the Navy's surface-to-air TEXMER air 
defense missile Until quite recently it was also the war- 
head for the Army and Marine Corps' Medium Atomic 
Demolition Munition [MADM] and during the 1960s the 
warhead for the Army's LITTLE JOHN short-range sur- 
face-to-surface missile Yields of the W45 ranged from 1 
to 15 Kt depending upon its application The W45 was 
produced between January 1962 and June 1966 

The Lawrence Livermore-designed W45 warhead 

Nuclear Weapons Databook, Volume II 49 



2 
Stockpile Reliability 

has had problems associated with corrosion of its fissile 
material and with its chemical high explosive After it 
entered the stockpile, weapon engineers discovered that 
serious corrosion of the fissile material was altering the 
geometry of the warhead Each W45 in the stockpile was 
inspected, and many of the corroded ones were elimi- 
nated For those remaining, and for new units, a design 
change proved adequate to protect against similar corro- 
sion At about the same time a problem with the high 
explosive was discovered, which led to the rebuilding of 
every W45 

Because of the design changes, the multiple yield 
options, and because a test device had exploded with 
only half its rated yield, LLNL tested the W45 in a series 
of five underground explosions in the mid-1960s 

W52lSERGEANT. The W52 was a LOS Alamos 
designed 200 Kt warhead for the Army's now retired 
SERGEANT, a 75-mile-range surface-to-surface ballistic 
missile In 1959 two accidents occurred at Los Alamos, 
killing four people Both accidents involved large pieces 
of high explosive (HE) of the type planned for the W52 
Given the potential hazards of this volatile high explo- 
sive, it was decided to change the HE system to one less 
sensitive Though not able to test during the 30-month 
moratorium [November 1958-August 1961) the scientists 
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had confidence in the new design, and the first units 
were produced in May 1962 

After more than a year of exploding other test 
devices that had higher priority, Los Alamos tested a par- 
tial yield version of the W52 in early 1963 The tesi 
device exploded with only about 1 percent of its 
expected yield This indicated that those deployed in the 
field were useless Los Alamos scientists quickly rede- 
signed the warhead, adding substanially to the content of 
special nuclear material Within three months of the first 
test a revised design device was exploded as a partial 
yield version, this time with success The Atomic Energy 
Commrnission replaced the W52 with the new design 
and completed production in April 1966 

W6B/POSEIDON SLBM. More recently there has 
been a problem with the high explosive in the Lawrence 
Livermore designed W68 50 Kt warhead for the POSEI- 
DON SLBM Between May 1970 and June 1975 approxi- 
mately 5250 W68 warheads were produced for 496 
SLBMs on thirty-one submarines (including spares) 
.During the development period in the 1960s there were 
two candidate high explosives, LX-09 and LX-10 
Though LLNL fired two successful W68 development 
tests with LX-10, they adopted LX-09 

Over a seven-year period in the 1970s Livermore 
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Flsure 2 20 Sedan Crater, Yucca Flat, Nevada Test Site. [view is tc 
the north-northeast1 Crater diameter is 370 m, depth 9 8  m, andvol- 
urne 5 0 x 106 m3 Crater formed in 1962  by a 100 Â 15 kiloton 

scientists dismantled and evaluated portions of about 
one hundred W68 warheads They found that the 
mechanical properties of LX-09 degraded with time and 
that it began to give off a distinct odor, indicating some 
chemical change Effluents from the LX-09 interacted 
with three other materials in the warhead: the mechani- 
cal properties of a plastic component near the high explo- 
sive changed, a uranium-alloy component close to the 
high explosive produced corrosion spots, and the 
adiprme adhesive in the detonators softened The last 
interaction was the most serious problem, for scientists 
feared that the products from this reaction could interact 
with the detonator brideewire and eventuallv cause the - " 

detonator to fail 
During 1977-78 Livermore, the ERDA [later DOE) 

and the Navv evaluated the nroblem and considered DOS- 
sible remedies They finally agreed to undertake a five- 
year program to replace LX-09 with LX-10 in all W68 
warheads The first retrofitted warhead was delivered in 
November 1978 45 Because of a program to retrofit twelve 
submarines with TRIDENT I SLBMs carrying one hun- 

nuclear device detonated at  a depthof 190 m in valley fill Water table 
is about 580 m below land surface VehJcles, left side of photn, pro- 
vide scale 

dred Kt W76 warheads, it was necessary to change the 
high explosive in only 3200 W68s 

Even though Livermore was confident of the LX-10 
because of prior tests in the 1960s, a retrofitted W68 was 
exploded sometime between mid-1980 and mid-1981 to 
confirm that it would work 46 

Weapons Effects Simulation 
Since the passage of the Limited Test Ban Treaty of 

1963, certain kinds of nuclear weapons effects can only 
be simulated, and a large number of DOD and DOE facili- 
ties have been established to conduct effects research 
Some of the simulations use underground nuclear tests 
(effects tests) conducted by DOD, while others use radia- 
tion simulators [for X-rays and gamma rays), shock tubes, 
high explosives, and natural disturbances Some nuclear 
weapons effects are also simulated using computers 

The Defense Nuclear Agency [DNA] is the main 
agency in the effects simulation field, and it manages the 

46 Knew and TwhwSocyHOT!ev Uuly 19811: 11 
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entire DOD Nuclear Weapon Effects Program The pur- 
pose of the program is to assess the ability of aircraft, mis- 
siles, and electronics to withstand nuclear explosion 
effects The tests also probe how military personnel and 
equipment respond and could be protected against the 
effects of nuclear detonations-including blast, thermal 
shockwaves, neutron flux, X-rays, gamma rays, and elec- 
tromagnetic pulse (EMPI Also investi~ated are the indi- 
rect environmental effects of nuclear detonations, such 
as the formation of ice clouds, fallout, and rain-out on 
military operations Ice clouds, for instance, could hin- 
der the flight of ballistic missiles 

To conduct its research on the effects of nuclear 
weapons upon humans, the DNA operates the Armed 
Forces Radiobiology Research Institute ( A m )  in 
Bethesda, Maryland It uses animal experimentation to 
determine the response of cells, tissues, blood systems, 
nervous systems, and so forth to high levels of ionizing 
radiation AFRRI is the only DNA-operated facility; most 
of its other research simulation work is done by the mili- 
tary services or private companies 

The Air Force Weapons Laboratory (AFWL), Kirt- 
land Air Force Base, New Mexico, Is the lead Air Force 

laboratory for nuclear weapon effects simulation It is 
also the lead laboratory in the simulation of EMF' AFWL 
conducts all DNA-sponsored Air Force research on 
nuclear weapons effects and has managed the DNA pro- 
gram since 1973 AFWL operates the world's largest glue- 
laminated wood structure, called "Trestle EMP" at Kirt- 
land AFB, as a test facility to verify the protection of air- 
borne electronics against EMF Trestle, which cost nearly 
$60 million to build, can support the largest Air Force 
aircraft in simulated flight while subjecting it to EMP 
effects of a very high altitude nuclear detonation 

Other major EMP simulators capable of testing air- 
craft and missiles are the Advanced Research EMP Simu- 
lator (ARES) owned by the Defense Nuclear Agency; the 
joint AFWULos Angeles Electromagnetic Calibration 
and Instrumentation System (ALECS); and Horizontal 
Polarized Dipole [HPD], and Vertically Polarized Dipole 
(VPD 11) facilities, both located at Kirtland AFB 

The Navy also operates EMP simulators to test ships 
and aircraft The Naval Surface Weapons Center in Dahl- 
gren, Virginia, operates the EMP Radiation Environment 
Simulator for Ships (EMPRESS I) at Solomons Island, 
Maryland, and the EMP Simulator for Aircraft (EMF'SAC) 
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facility at Patuxent River, Maryland The Navy is plan- 
ning to upgrade the EMPRESS I facility, operational 
since 1973, with EMPRESS 11, to be based at Bloodsworth 
Island, Maryland during the winter and Elizabeth City, 
North Carolina during the summer EMPRESS I1 would 
consist of a mobile b w e  120 feet long and 105 feet wide 
carrying a cone-shaped antenna 130 feet high and 200 
feet wide It could emit a 7 million volt pulse [MVPI- 
compared to 2 6 million volts for EMPRESS I-directed 
at nearby ships to determine hardness of electronics 
against EMP 

Army EMF simulation for testing ground-based sys- 
tems is conducted by the Harry Diamond Laboratories 
(HDL), the lead laboratory for the Army for nuclear weap- 
ons effects, and headquartered in Adelphi, Maryland 
HDL operates the AESOPS or TEMPS simulators, 1.000 
foot long horizontal antennae driven by a 7-MeV pulsar 
at its center The antennae generate a freely radiated sig- 
nal AESOP is a fixed system located in Woodbridge, Vir- 
ginia while TEMPS is transportable system that is taken 
to the field to test fixed facilities, such as AUTOVON 
communications switches 

Other nuclear effects than EMP are also the subject of 
research The A W L ,  for example, simulates radiation. 
blast, and shock effects of nuclear explosions and is 
involved in testing models of possible future ballistic 
missile protective shelters to determine their ability to 
withstand a nuclear attack It "performs theoretical mod- 
eling and exploits expertise in high explosive tech- 
nology in simulating and verifying nuclear blast and 
shock environments to investigate the survivability of 
deep based shallow buried surface flush or aboveground 
hardened systems "w 

To research X-ray effects, simulation of X-rays is per- 
formed by the Naval Surface Weapons Center at White 
Oak, Maryland, which operates the CASINO facility for 
DNA Harry Diamond Laboratories also operates the 
AURORA facility at White Oak, Maryland for DNA 
There, it simulates certain nuclear effects, particularly X- 
rays to study ionization The 7,500 ton AURORA 
machine is the largest single power source in the world 
It produces, for very brief time periods, about twenty ter- 
awatts (twenty trillion watts], roughly equal to the total 
peak electrical power output of the United States 

V! A m  Air Force weapons Labomtory KBoUm- 1984 n p 
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Figure 2 23 Tunnel for weapons effects test Huge tunnels are 
drilled into Rainier Mesa a t  the Nevada Test Site, the primary area for 
weapons effects tests Sections of pipe are joined together to encase 
test chambers, materials, and components The biggest pipe used to  

The Army Pulse Radiation Facility at the Ballistic 
Research Laboratory, Aberdeen Proving Ground, Mary- 
land also "provides aradiative environment simulating a 
portion of the nuclear weapons ground environment to 
determine the nuclear vulnerability of Army equipment 
and systems "40 At the White Sands Missile Range, New 
Mexico, the Army operates the White Sands Solar Fur- 
nace, one of the largest furnaces in the world Capable of 
generating up to 5,000 degrees Fahrenheit on a 4-inch 
spot, the furnace simulates the extreme heat of a nuclear 
explosion High. explosive nuclear effects testing is also 
conducted by DNA at White Sands In 1985, DNA com- 
pleted development of a tri-Service Thermal Facility at 
Wright Patterson Air Force Base, Ohio, which will use 
flash lamps to simulate thermal effects Other laborato- 
ries involved in nuclear weapons effects researck 
include the Rome Air Development Center at Griffiss Air 
Force Base, New York; the David W Taylor Naval Ships 
Research and Development Center, Carderock, Mary- 
land, which studies the nuclear survivability of ships 

- 
date was for shot Diamond Sculls on 20 July 1972 The pipe was 
1,400 feet long. and 275feet  in diameter a t  the wide end An entire 
Spartan ABM missile was put in the pipe 

and submarines; and the Army Waterways Experiment 
Station in Vicksburg, Mississippi 

In addition to using man-made simulators, natural 
disturbances can simulate certain nuclear efffects The 
main laboratory involved in this work is the Air Force 
Geophysics Laboratory, at Hanscom Air Force Base. Mas- 
sachusetts It conducts much of its research for DNA The 
DNAIAFGL program use "natural and artificial phenom- - - 
ena such as aurora and metal releases in the atimsphere 

to simulate imuortant asnects of atmosuheric condi- 
tions following nuclear detonations "49 Their research 
employs rockets, satellites, the space shuttle, and 
ground-based instruments One study seeks to improve 
understanding of radio signal propagation through an 
ionosphere disturbed by nuclear weapons AFGLDNA 
researches conduct high altitude bariumreleases directly 
between satellites and ground-based receivers 

~f HOD uwecw a200 11n P z'i 
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Figure 2 24 ShotHuron Kingwas a weapons effects test held on 24 
June 1980 to improve the database on nuclear hardening design tech- 
niques for satellites, sponsored in part by the Air Force and the 
National Security Agency la1 The vertical shaft layout isvery unusual 
for- an effects test lb) A Defense Satellite Comm~rnication System 
CDSCSI Ill satellite hangs inside a mobile test chamber in which the air 
has been pumped out With the detonation the satellite is bathed in x- 
rays and gamma rays Explosive-driven doors seal the chamber a frac- 
tion of 3 second after' the detonation to prevent radioactive debris 
fromreaching the satellite tcl Test chamber isdriven away via remote 
control minutes before 200 foot diameter subsidence crater is 
formed 

Military Test Ranges - 

Military Test Ranges 
Military centers and ranges provide development, 

test, and evaluation facilities for nuclear warhead deliv- 
ery systems and components The ranges have surh spe- 
cialized facilities such as rocket test stands, wind tunnels 
and simulators. sled test tracks. and electronic and other 
test facilities e he two national ranges have a11 the 
needed capabilities to form. a single global tracking net- 
work for ballistic missiles, satellites, launch vehicles, 
and space probes 

The Air Force Eastern Test Range [ETR], with its 
launch site at Cape Canaveral, Florida, stretches through 
the Atlantic Ocean into the Indian Ocean At Cape 
Canaveral and Eastern Range headquarters at Patrick Air 
Force Base, fifteen miles to the south, DOD and NASA 
personnel are engaged in launching and testing missiles, 
satellites, and manned space svstems Current svstems 
undergoing test and evaluation at the ETR include 
POSEIDON and TRIDENT SLBMs, the PERSHING 11, 
British SLBMs fincludine TRIDENT and CHEVAUNEl. , ~ 

SRAM, and small ICBM - 
The Western Space and Missile Center, Vandenberg 

Air Force Base. California operates and maintains the 
Western Test Range [WTR) with its launch sites at Van- 
denberg Air Force Base in southern California Current 

test and evaluation launches include MINUTEMAN I, 11, 
and I11 ICBMs, MX, SLBMs, air-launched cruise missiles, 
and bombers The range extends through the Pacific 
Ocean into the Indian Ocean where it meets the Eastern 
Test Range Rangesupport is also given to the operational 
training launches of SAC ICBMs 

 he terminal point of much of the testing of the WTR 
is the Kwajalein Missile Range [KMR), a national range 
operated by the Army Located in the Marshall Islands 
4,300 miles from the California coast, KMR supports hal- 
ist ic missile defense research and development and stra- 
tegic offensive weapon system developmental and 
operational testing It is currently used as a target area for 
ICBM and SLBM tests, as well as the main DOD site for 
research on reentry phenomena and ballistic missile 
defense systems 

In addition to the two major national ranges for mis- 
sile testing, a number of additional ranges test other 
aspects of nuclear delivery systems and unarmed war- 
heads: 

Yuma Proving Ground, Yuma, Arizona: Army- 
operated desert testing range for nuclear artillery, 
short-range missiles [LANCE), and air-delivered 
weapons 
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Military Test Ranges 

Naval Weapons Center, China Lake, California: 
test and evaluation of air- and surface-launched 
weapons and missiles; also operates a nuclear 
bombing practice range and supports Navy SLBM 
testing . Air Force Flight Test Center, Edwards Air Force 
Base, California: Air Force-operated develop- 
ment, test, and evaluation center for evaluating 
nuclear capable aircraft and bombers, drop test- 
ingoof nuclear bombs, and parachute flight testing 
of nuclear missiles and reentry vehicles 
Pacific Missile Test Center, Point Mugu, Califor- 
nia: Air Force-operated development, test, evalu- 
ation and follow-on engineering support for naval 
and Air Force nuclear weapons, including TRI- 
DENT, MINUTEMAN, and MX ICBMs, SM-2 sur- 
face-to-air missile, cruise missiles (air-, ground-, 
and sea-launched), and bombers 
Aherdeen Proving Ground, Aberdeen, Maryland: 
Army-operated test and evaluation of nuclear 
artillery and the ground-launch cruise missile 
White Sands Missile Range, White Sands, New 
Mexico: Army-operated range that provides 
research and development testing of surface-to- 
air, surface-to-surface, air-to-surface missiles, 
reentry vehicles, and anti-ballistic missiles for 
DOD Currently supported systems include PER- 

SHING l a  and n, SPRINTLOADS anti-ballistic 
missiles, and SRAM Also located within the 
range is the Radar Target Backscatter Facility 
Division of the Armament Division of Holloman 
Air Force Base, New Mexico, which provides full- 
and subscale radar cross-section measurements of 
rockets, missiles, and reentry vehicles (warheads 
and decoys, aircraft, and bombs) 
Arnold Engineering Development Center. 
Manchester, Tennessee: Air Force-operated test 
facility specializing in simulation of aerody- 
namic, propulsion, and space flight environ- 
ments The wind tunnels, heat test units, impact 
ranges, engine and rocket test cells, and space 
chambers support testing of the B-1, air-launched 
cruise missile, MX, MINUTEMAN, reentry vehi- 
cles, TRIDENT, and PERSHING 
Dugway Proving Ground, Dugway, Utah: Army- 
operated range used for mobility testing of the 
ground-launched cruise missile 

Overseas, the Atlantic Undersea Test and Evaluation 
Center in the Bahamas also supports testing of Navy 
ASW and undersea research and development programs, 
including TRIDENT and nuclear attack submarine certi- 
fication, and submarine sonar operations and silencing 
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Plutonium and Tritium Production 

Chapter Three - 

Nuclear Materials: Production, 
Inventories, Initiatives 
Production of Nuclear Materials 

Energy equivalent to thousands or even millions of 
tons of TNT is released in a nuclear weapon explosion by 
the fission and fusion of atomic nuclei 1 Six nuclear 
materials are used in nuclear weapons They are the fis- 
sionable materials, uranium-235, plutonium-239, and 
uranium-238, and the thermonuclear materials, tritium, 
deuterium, and lithium-6 2 Except for U-238, which is 
abundant in nature, all of these materials must be pro- 
duced or concentrated in special facilities This chapter 
discusses the production of these nuclear materials, pro- 
vides estimates of inventories and production rates, and 
surveys the initiatives planned to increase materials pro- 
duction 

The different materials require different production 
facilities Plutonium and tritium are manufactured in 
production reactors Uranium-235 is separated out of 
natural uranium [which is 99 3 percent U-238) in enrich- 
ment plants Deuterium, in the form of heavy water, is 
produced in heavy water production plants Lithium-6 is 
separated from compounds of naturally occurring lith- 
ium [which Is 92 4 percent lithium-7) in special enrich- 
ment facilities Ail these materials except for tritium 
(because of its short half-life) can be stockpiled for 
extended periods 

A production reactor depends on several facilities to 
support its operations Other plants are required to man- 
ufacture the fuel; to separate the plutonium, tritium, and 
uranium from the spent fuel; and to dispose of the waste 
products All these facilities, together with their trans- 
portation links, constitute the reactor "fuel cycle '' 

Often, the same facilities support production reac- 
tors as well as supplying materials for warheads The ura- 
nium enrichment complex, for example, is an integral 
part of the fuel cycle for some production reactors and 
also produces U-235 for weapons Similarly, heavy 
water, the source of deuterium for weapons, is also used 
as reactor moderator and coolant in heavy water produc- 
tion reactors Complicating these matters, the fuel used 
in some U S production reactors is obtained, in part, 

from uranium recovered from the spent fuel of naval, 
research, and test reactors 

Of the four kinds of production facilities, only the 
production reactors add new materials [plutonium and 
tritium) to existing U S inventories at this time U S pro- 
duction of highly enriched uranium [HEU) for weapons 
was terminated in 1964 Highly enriched uranium, how- 
ever, is currently produced in U S enrichment plants to 
fuel naval propulsion, research and test reactors, and 
commercial reactors The United States plans to resume 
HEU production for weapon use near the end of the dec- 
ade U S heavy water and lithium enrichment facilities 
are not now operating Supplies of these materials come 
from weapons that have been retired and dismantled and 
from other existing stockpiles 

In the United States, in fact, most nuclear materials 
for new weapons comes from retired weapons These 
materials must first be recovered, purified, and pro- 
cessed before re-use 

Later in this chapter there is a discussion of several 
reasons for a number of initiatives that have led to the 
current plans to expand materials production 

Plutonium and Tritium Production 
The U S Department of Energy (DOE) currently pro- 

duces plutonium and tritium for the weapon program in 
five operating production reactors 4 Four of t h e s e t h e  P, 
K, L, and C-Reactors~are at the Savannah River Plant 
[SRP) in Aiken, South Carolina The fifth, the N-Reactor, 
Is on the Hanford Reservation, near Richland, Washing- 
ton The L-Reactor at Savannah River, placed on standby 
in 1968, was restarted on 31 October 1985, following a 
two year delay to correct environmental problems 

Since 1944, the United States has operated a total of 
fourteen plutonium production reactors: the eight origi- 
nal graphite-moderated water-cooled reactors and the 
dual-purpose N-reactor at Hanford and five heavy water- 
moderated reactors at Savannah River The number of 
reactors producing plutonium or tritium for weapons 
grew from three during World War I1 to fourteen by 1964, 
then dropped to three by 1971 

2 Thorium 232 and iiranium-~33 am weapon usable fisslonable[~atetiala but without atg 
nificantapplication in wisapnna progrftnus Plutonium iaotop~s Pu-240 241 md 242 ate 
fweionableandpreseiuin small amounts withpii-231 in weapon us-iblfplutuuim ~ith.  
Himfirnay be diluted with the moreabunhl iautiipe lithium7 at the cost of cfTicimcy 
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3 
Historv of Reactor Oaerations 

Measuring Production 
The production of plutonium and tritium in reactors 

occurs by means of neutron capture in respective target 
materials, U-238 and lithium-6 Consequently, the pro- 
duction rates of plutonium and tritium depend on two 
factors: the rate at which neutrons are produced, by fis- 
sions of the fuel materials, and the probability of neutron 
capture in the targets Both depend on the design of the 
reactor Fissioning each atom of U-235 (or Pu-239) not 
only results in the release of two to three neutrons but is 
also accompanied by the release of about 200 MeV of 
energy, mainly in the form of kinetic energy of the fission 
products Most of this energy is ultimately converted into 
heat li Thus, for a given reactor type, the reactor power, 
the rate at which uranium fuel is consumed, and the rate 
at which plutonium (or tritium) is produced are all 
closely coupled 

As a practical rule of thumb, in a reactor designed for 
the production of weapon-grade plutonium (or tritium), 
one gram of plutonium (or 1/72 gram of tritium) is pro- 
duced for each gram of U-235 fissioned, which is accom- 
panied by the release of one megawatt-day of thermal 
energy (1 Mwd] (see Chapter Five, Production Reactors) 
The actual design-dependent production rates are within 
about 20 percent of these values The maximum rates of 
plutonium and tritium production thus can be readily 
estimated from knowledge of the reactor type and its 
rated power, measured in megawatts thermal (MwJ The 
actual amounts produced depend on operating power 
levels and the period of time the reactor is on line 

A Brief History of Reactor Operations 
Nuclear reactors tor the production of plutonium 

date back to the Manhattan Project during World War I1 
Enrico Fermi produced the first self-sustaining chain 
reaction in the Chicago Pile [CP-I] on 2 December 1942 
This original reactor (or pile) was fueled with lumps of 
natural uranium oxide embedded in a lattice of graphite 
moderator 

The design had no cooling and required dismantling 
to recover the plutonium It required modification to 
make it suitable for a production reactor The deficien- 
cies were corrected in the 1 Mw Clinton Pile [later desig- 
nated X-10) near Clinton, Tennessee (now Oak Ridge) 
On 4 November 1943, the Clinton Pile began operations 
as a pilot production plant for urgently needed pluto- 
nium The air-cooled Clinton Pile consisted of a block of 
graphite with horizontal channels through which alumi- 
num clad cylinders of uranium could be pushed from 
front to back for discharge 

In Sevtember 1943, before the Clinton Pile's comnle- 
tion, construction began at the Hanford ~eservation on 

6 The ~ d o d  01 tims OD I i m  d n ~ c t m  om such fac~ovs as lenmth "1 a D I O ~ U K U ~  c n l e  the 

the B-Reactor, the first of three full-scale, graphite-mod- 
erated production reactors The B-Reactor began opera- 
tion a year later in September 1944 It was graphite- 
moderated and water-cooled and was fueled with natural 
uranium-the first of eight such reactors built at Hanford 
between 1943 and 1952 7 Two others (D, F] also began 
operation during World War II By the end of the war, 
serious deterioration of the B, D, and F-Reactors resulted 
from intensive operation They all required major over- 
haul and reconditioning at Hanford The &Reactor was 
shut clown in March 1946 to assure some production 
capability should the other two reactors fail Repairs to 
the reactor, started at the end of 1947, were scheduled 
during periods of normal shutdown so as to not interrupt 
plutonium production This work was finished by 
mid-1948, when the El-Reactor was also restarted Late in 
1948 the production rates of the El, D, and F-Reactors sur- 
passed any achieved in wartime a 

The eight original Hanford reactors operated 
between 1944 and 1971 for a total of 139 reactor-years 
Table 3 1 shows their operating histories All eight reac- 
tors have now been retired and are being dismantled 
They are not considered to have any restart capability 9 

The first four reactors (B, D, DR, F) were originally 
powered at 250 Mwt These and the next two reactors [H, 
C] were extensively modernized and uprated in the 
1950s and early 1960s They eventually operated with 
power limits of 2090 to 2310 Mw, 10 The last two of the 
original graphite reactors (KE, KW) began operating in 
1955, each with a design power level of 1850 Mw, Both 
were upgraded to 4400 Mw, before being shut down in 
1970 and 1971, respectively The eight reactors had an 
average lifetime power of 1120 Mwi per reactor Addi- 
tional characteristics of the Hanford graphite reactors are 
described in Volume 111, Hanford Reservation 

The 4000 Mw, N-Reactor-the ninth production 
reactor to be constructed on the Hanford Reservation- 
has been in operation since 31 December 1963 In the late 
1960s and 1970s. it continued to operate during a slump 
in demand for materials, because it was a source of elec- 
trical power '1 During this period it mainly produced 
fuel-grade plutonium for the research program It was not 
used to produce significant quantities of weapon-grade 
plutonium until 1982 

The life of the N-Reactor will extend until about 
1998, when irreversible damage to the blocks of graphite 
moderator will make operation increasingly difficult 
DOE has begun studies on extending N-Reactor's useful 
lifetime 12 
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3 
Savannah River Production 

Operation of production reactors, moderated and 
cooled by heavy water, at Savannah River commenced in 
December 1953 with the R-Reactor It was followed by 
the P, L, and K-Reactors in 1954 and the C-Reactor in 
1955 [see Table 3 1) The R- and L-Reactors were placed 
on standby and shut down in June 1964 (R) and February 
1968 [L], while the P, K, and C-Reactors have continued 
operation Through 1985, the Savannah River reactors 
compiled a total of 114 9 reactor-years of operation 

Planning for construction of the Savannah River 
heavy water reactors began in earnest following Presi- 
dent Truman's 31 January 1950 decision to authorize the 
development of thermonuclear weapons Truman 
approved the AEC construction program for the Savan- 
nah River Plant on 8 June 1950 Although the feasibility 
of thermonuclear weapons was still problematical at that 
time, the motivation was to ensure tritium production, 
still thought to be necessary in large quantities for use in 
high yield thermonuclear weapons '3 

Meanwhile, tritium had to be supplied for the ther- 
monuclear resrarch program without seriously curtailing 
the plutonium production at lliinfnrd for the existing fis- 
sion weapons program Personnel at Hanford success- 
fully attacked the technical problems of making tritium 
Using 10 percent of the capacity of one of the production 
reactors, they provided Los Alamos with enough of the 
element for research 14 

The anticipated heavy demand for tritium subsided 
as weapon design moved to favor using lithium-6 deuter- 
ide in the fusion stage of thermonuclear weapons '5 But 
the flexibility of the heavy water reactors for the produc- 
tion of either tritium, plutonium, or uranium-233 had 
been one of their selling points The Savannah River proj- 
ect was initiated in an environment of increasing 
demand for all nuclear materials From the start its cost 
was said to be almost entirely justified by new plutonium 
production capacity alone, should thermonuclear weap- 
ons not prove feasible This view held sway especially 
since the existence of sizeable domestic deposits of ura- 
nium ore was still unproven, but also because of pluto- 
mum's utility in small diameter tactical nuclear 
weapons The Savannah River reactors were also justi- 
fied as insurance against the failure of Hanford and as a 
replacement for the older Hanford reactors I G  

Savannah River Production 
The production history for the Savannah River reac- 

tors from FY 1955 to FY 1983 is shown in Figure 3 1 The 
annual plutonium and tritium production, including 
projections to FY 1999, are given in Table 3 2 With three 
reactors on line, SRP was producing [FY 1985) about 1 0  
MT of supergrade plutonium and 11 kg of tritium annu- 
ally With the restart of the L-Reactor the rate of pluto- 
mum production increased to about 1 6 MT [see Table 
3 2) 

Selected documents and reports give additional 
information on the operation of the P, K, and GReactors 
since the early 1970s The highest power achieved in any 
reactor prior to 1977 was 2915 Mw,,17 but the typical 
nominal reactor power for plutonium production, up :o 
the mid-1970s. nils about 21511 Mw. (2000 In  22011 Mw.1 ~ - - ~  ---- ~ ~ ~~, ~ ~ 

and 2400 Mw, for a reactor producing tritium 18 ~ u r i n g  
FY 1977-79 the three reactors were at times operated at a 
porirer of about 1850 Mwt each, and none of the reactors 
were dedicated to tritium production alone Production 
cycles for weapon-grade plutonium lasted an average of 
60 days A minimum three-day shutdown followed, to 
allow fuel-changing machines to remove and replace 
irradiated target assemblies 19 

A contrast between operations in the middle and late 
1970s is provided by the following report of activities 
The Savannah River reactors completed ten production 
cycles during a six-month period in FY 1976 20 During 
FY 1977-79, at a reduced level of production, forty-two 
cycles were completed while one of the three reactors 
was shut down for a period of six months Eight cycles 
were finished during an eight-month period in 198OZ1 
These activities are reflected in the 20 percent drop in the 
rate of production in FY 1977-80 compared to the rate in 
FY 1976 (See Table 3 2 ) 

There was only one dedicated tritium campaign, for 
an eight-month period, in the decade prior to 1981 " A 
tritium production run in 1972 is reported23 and another 
was scheduled for late 1981 24 Subequently, one of the 
production reactors (GReactor) has been dedicated 
solely to the production of tritium 26 To meet the tritium 
requirement projected in the 1984 Nuclear Weapons 
Stockpile Memorandum, an average of 1 2 reactors will 
have to be dedicated to tritium production through FY 
2000 =fi 

20 Albrisht Cox NEWS Service 
21 Ibid 

also HASC ~ e p t  90 124 Part 1 13 May 1983 p 19 

rat or^^ Alkfln SC Oclobe~ 1971 p 6.; 

60 Nuclear Weapons Databook. Volume I I  



Reactor Operating Histories 

Table 3 1 
A. Operating Histories of U.S. Production Reactors 

Original Eight Hanford Graphite Reactors 

Construcci~  Years of 
Reactor Began Operation S ta rcq  Operation Shutdown Operation 

B 03/1 943 0911944 03/19/1946" 

TOTAL 

5. Hanford Graphite Reactor Power Level Limits, Megawatts 

Original 
Design Effective Date of Lintsa 
Level 01/31/5B 01/16/59 01/09/61 12/02/83 02/18/64 03/04/64 09iUIiS8 

KE 1850 31 40 4000 4400 4400 4400 4400 3 

KW 1850 31 40 - 4005 - 4400 4400 4400 4400 3 - 
TOTAL 15.220 13.600 21.560 20,870 21.560 

C. Hanford N-Reactor 
Years of 

Cnnclmelloii Operation 
Reactor Began Operaclan Startup Operatiam Shutdown through 1985 

N 1956 12/31/1363 operating 22 0 

D. Savannah River Heavy Water Reactors 
Years of 

Reactor Began Operation Startup Operation S h u t d m  through 1985 

R 611 951 1211 953 611 511 964h 10 5 
operating 

211 811 958" 
operating 
operating 
operating 

TOTAL 

6 .  L : Y - J ~  1s M W L ~  1 9 - 1 6 ~ ~   mi w 2 J-iy 15"-8 C.U,W J U ~ S  I : - P C I T O  ui ?inn M* riimJr w R.R.,~,~, n.~,.~~r,. 79. 
N a r - l t  n-scmr Om-n r-  h r a w  Mawra* Prvf ?ion 4 ,re 1W5 m h r r i -  r.Ona-tw ano i-i.:)fwn- sna PTOC M* -arc* 13- C-Reactor 
0 C h  F a  h a ,  I -leactv? *ere s n d t i w i o t  or u: 1 ^e>:eniDer- l3sH 
A e ~i,o,twf 5 t a l e s a t . ~ ~ ~ ~  tfcnfciÂ¥~~i~cirmiitiw~- v o u i e  I I M ~  ' ~ 2 2  9 clfei ivc 1 srtui=.tita 1yby ~up-o l - -~u i  picts- m a  D ~ X W  iJce cower r ~ e .  
IUS Atuffi. E#!e#'mC~iiir .+,cfo 'Â£72 Â¥ 17475 669 ' 5  . I  8 . f i  K-flt'd~".~i-". Mm mi-m 00- 1-v-s wers n-ne 4OCO lc 

b K West 4200 Mwrange An administrative maximumlevel of 4000 Mw was ~npased late in 
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Reactor Operating Histories 

Figure 3 1 Operating histories of U S production reactors Annual tor's, the N-reactor at Hanford, and the five heavy water reactors ; 
thermal energy output [in thousands of rnegawattdaysl for the U S the Savannah Rfver Plant are shown separated 
production reactors The outputs of the original eight graphite reac- 

KOT: - Savannflh Rim Plant ---- HÃ§nford[On~hÃ§I - - - HarrfoM [N-Reactor] 

Even in the reactors dedicated to plutonium produc- 
tion, tritium is generated in enriched lithium control 
rods, used to absorb excess neutrons, and in lithium 
tareets Annual production rates of ~lutonium vary 
because the first priority is to satisfy thetritium require- 
ment. which varies f r ~ i n  vear to veur The remain~nv SRP 
capacity is devoted to plutoniuk 27 The highly enriched 
uranium driver assemblies used for plutonium produc- 
tion (Mark 16B) have the option to contain a separately 
dischargeable lithium-aluminum target inside the inner 
fuel tube 26 In addition, the reactor cores are now hlan- 
keted with a ring of lithium targets to shield the stainless 
steel reactor tank walls from neutron irradiation 29 

The combined production of tritium from secondary 
sources is estimated at 0 002 g/Mwd, of which one half is 
assumed to be generated in control rods 30 This was 

clearly the chief mode of tritium production from the 
mid-1970s through 1981 During this period the three 
operating SRP reactors would have produced between 
2 4 and 2 9 kg of tritium annually, enough to maintain a 
steady state tritium inventory of some 46 kg against radi- 
oactive decay [see Appendix C] 

The three operating Savannah River reactors [P, K, 
C) were scheduled to run at full capacity in FY 1981 and 
FY 1982 $1 The goal was fully achieved in FY 1982 when 
the "innage" (or percentage of clock time of reactor oper- 
ation) rose to 80 percent as reported by DOE By then the 
restoration and upgrade program was improving the effi- 
ciency of operation Reactor operating power for pluto- 
nium production was back up to a nominal 2150 Mw, 
The ionage since ranuary 1981 was reported, in August 
1982, to be more than 80 percent 32 During the first quar- 

8 Tint; estimate iuc cuntiul rods k baaed (HI published data lor the reactivity x& 01 the 
CnnLmI 1"d~ d"1i"" exnas- ?=E %&,vn"ah F2,w vr0d"ction Rea~tE.8 &o,w Fm, 

31 HASC VY 1982 D& 128 
32 Memoiriiiduin of Hebinan I! KOSCJ to the Secretary of Enarm Major Accomplishments at 

Ibc Savannah River Flaul Since lttnuary 1901 DP 3 2 28 hllv 1992 
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3 
SRP Reactor Production 

Table 3 2 
Estimated Nuclear Materials Production in Savannah River Reactors 

Annual Cumulative Annual Cumulative 
Number Thermal Thermal Pluwniuin Plutonium Annual 

Reantars Output" Output Equivalantc Equivalent0 Plutonium^ Aixnal Unit CaStSÃ 
Operating' 11000 Mwdl 11000 Mwdl Ikgl Ikgl Ikgl Tritium" (kg) tS per Mwdl 

5 500 

a W - weapon.gr2tepiUmum. S - S - ~ D I u ~ ~ m  1 - t?t#um FmFY 1966- 
99 c ~ e  number of reactors defliceted to tritium production is given in J S Anender 
md I M Macafee Economic Afialysis of theFuelProduct-"Facility DPST-94-420. 
pn 5 24 arc based upon the profecced cnciuni requirements given h the 1984 
Nuclear Weapons Stackwe Memorandum 

b Valuesfor- FY 1955-71 from Qmph In HA=. FY 1995 DOE p 333 Values for FY 
1972-B2fmwaph"HASC. FY 1984DDE p 272 VaiuesforFY 19B3-fflfrom 
craoh in HASC FY 1985 ODE D 240 Data for FY 1985-99 are authors asti- 
mates 

c Based on a 97 gmm d955-571 and 1 0 4  gramllSB8- J plutonium eguivalent oer 
mecawatt-dav of chemai enerw axout 

Assumes 1 gmm of tritium o w  is equivalent to 72 grams weapon-wade piuto- 
i1ium:HASC FY 1982DDE o 172 IrtChdeaODOSaof IritiumoerMwdci-oduoedin 

-Reactor shutdown in February 1966 
A 15 month fiscai year 
L-Reactorrestarted 31 October 1985 
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Savannah River Production 

Table 3 3 
Estimated Plutonium Production 

in the Eight Original Hanford Graphite Reactors 

Number Reactors 
Operating 

A a I  Th Output:" 
11000 Mwdl 

Average Reactor 
Power IMwJ 

Annual Pu Prod 
lkgl 

Cummlacke Pu 
Prod. IMTI  Calmdar Year 

1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 

TOTALS 

b Assumes 0 86 grams plutonium produced per megawatt-dw of thermal energy o m  
put See ACDA CntiCaliky SLudifiii Of Graphite Moderated Producti~n Reactors 

ter of FY 1982 the reactors operated at an 85 percent 
innage 33 Reports indicated that "Savannah River reac- 
tors have operated 38% more efficiently than planned 
during the first 9 months of FY 1982,"" and "FY I19182 

have exceeded the forecasts,"37 and "at levels substan- 
tially exceeding our fiscal year 1982 plan "3" In FY 1983, 
the innage was 75 percent with operation again at higher 
power levels 29 

This expanding production environment has contin- 
ued for FY 1984 and FY 1985, although meanwhile the 
plutonium output was converted (by FY 1983) entirely to 
supergrade (high-purity) production, for blending" 
Making supergrade plutonium requires halving target 

materials production is the highest since 1974, andis 143 
ueicent of the uroeram milestone ''3s Furthermore. reac- 
tor power levels "exceeded records" with the K reactor 
operating at higher power than ever before ̂  The result 
was that the "plutonium and tritium production goals 

32 HASC W 1983 DOE p 413 
B-l Mei~uraadumct Herman h; K0-r 0" cit 
35 DOE Major Accom[fli&ments at the Savannah Plan! S k  lanuan' 1981 August 

1982 Tbeinilestonfi wa probably 6" lo65 pmemt 
36 HASC [Â¥Â 1981DOE p 273 

40 We have bean t'xcmrfliig our omdudiun uuula In FY 1963 C K and P-Reactors 
ohtalned illom llxiu 1 US inilllun M w d o f  prnhctinn whilcnperaliogatatm~ line wail^ 
bilily lInn~&of 75 p ~ ~ n R n t  C Keacloi basalready lurinr h u h  19841 achieved its high 
ial power I tVd since March 1909 and has set monthly l~odi i i - l i~"  'rec-~~ds 'ibis past 
Diw~mberand January and we have34 u new ralendarvear p r ~ d u c t i ~ ~  record 119831 
for thiefr-ieacluc uptiraliuiiw. HASG FY 198s n0F; pp 331-33 "Our prmhictiun reacto~s 
MB opiating at the highest uapatily ever ; HASC TY 1908 DOE p 27 

37 Ihid 
38 Ibid p 151 

39 UASC EY 1985 DOE p ASS 
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Table 3 4 
Production History of the Hanford N-Reactor 

Cumulative Annual 
Weapon- ElectriciLy Cumulative 

Annual Cumulative Grade Pa P d u c -  Electricity 
Produc- Thermal Production Cumulative Production tionf Production 

Calendar; t i a i r  11000 Capacity 11000 Annual Pu Plutonium Pu Prod 16% Pu- lmillion Imillion 
Fiscal Year Mwtd l  ~actor Mind) Prod.clkgl Muled (MTI= 2401 Kwh1 Kwh1 

Cal 1964 234 0 16 234 201 24 W161 
1965 660 0 45 894 56760 W161 

e Values for 1954-72 from John L Melniwdt Drectorof M a a r  Material Produc- d Jndicaces the mode of &or op~ration which depeods on the refuelinn inverval 
tlon DOE 10 January 1SB5 private coinrnurir~aciori Values for 1973-ffl are based W - weapon-grade: F - fuelgade dumber In parentfieste Indicates the nominal 
m the assumption that the electric capacity factor Is the same as the thermal percentage of Pit-240 
capacity factor Actwl values may differ because during fuel-grade mode of operation plmonium 

b Based on designraw of 4000 Mw, rangingin Pu-240conteni;from 5 pa- to1 9 parcentis.producad In FV 19B4.B5 
0 Assumeso 66 g Pu (6 p e r m  Pu-24-d 0 79 g Pu 1O~rcentPi^-2401!Mwid foltawing therestart of PUREX 6 percent Pii-240 fuel was culled from N-Raaccor 

md 0 72 g Pu 11 2 percent Pu-240IlMw,d spent fuel in storage and processed 
f Figures taken from hack ISSUSS of Nucfeontcs Wee* 

exposure time, thus doubling the rate at which targets 
pass in and out of the reactors This doubles the annual 
target (Mark 31) fabrication effort at Savannah River and 
similarly increases activities at the Femald and Ashta- 
bula feed plants 

Hanfnrd Production 
The production history of the original eight Hanford 

graphite-moderated reactors from 1944 to 1971 is shown 
in Figure 3 1 The amount of plutonium produced by the 
reactors is estimated in Table 3 3 

Only one reactor at Hanford, the N-Reactor, now pro- 
duces plutonium for weapons It is supported by fuel 
cycle facilities that include the PUREX chemical separa- 
tion plant and fuel fabrication facilities 

The dual purpose, graphite-moderated and water- 

cooled ti-Reactor also produces steam for commercial 
electricitv retieration (see Hanford Keservalinn. Volume - - 
111) 

Table 3 4 documents the production history of the 
N-Reactor The most significant weapons production ini- 
tiatives implemented at Hanford in recent years have 
been the conversion of the N-Reactor from the produc- 
tion of fuel-grade plutonium (12 percent Pu-240) to 
weapon-grade (6 percent Pu-240) and the restart of the 
PUREX processing plant The N-Reactor underwent 
repairs and upgrading to state-of-the-art technology in 
1981 and 1982 The conversion to weapon-grade uroduc- 
tion began in Frbruiiry 1982 and was completed by OLIO- 
her. annmximatelv five months ahead of schedulp41 No . L A  

tritium is produced in the N-Reactor nor is production 
contemplated 42 
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C. P, K-Reactors Chemical Seoarations 
SRP 

N-Reactor 
Spent Fuel 

Storage - Hanfofd 

and Blending - SRP 

t 

1 N-Reactor - Hanford Purex Plant - Hanford 

Figure 3 2 Current methods for producing weapon-grade plutonium [I9841 

The N-Reactor has generally operated at a power of 
3800 to 4000 Mwt, producing both plutonium and by- 
product steam for electricity 43 The N-Reactor produces 
about 600 kg of weapon-grade plutonium annually, for 
operation at an expected 50 percent capacity factor In 
the 6 percent Pu-240 production mode, reactor operation 
requires the shutdown and discharge of approximately 
one fourth of the core of slightly enriched fuel (average 
1 0 percent U-235) eight times a year 44 Some two-and- 
one-half times the fuel throughput is required for 
weapon-grade (6 percent Pu-240) versus fuel-grade (12 
percent Pu-240) plutonium production at the same 
capacity factor 

From the beginning of operations in December 1963, 
until 1973, the N-Reactor produced 9 percent Pu-240 
fuel-grade plutonium part of the time The rest of the 
tin18 it produced weapon-grade (6 percent Pu-240) pluto- 
nium Â¥I From 1973 to 1982. the reactor uroduced uluto- 
niurn with a Pu-240 content of approximately 12- 
percent 46 By December 1980 the N-Reactor had pro- 
duced in all about 7 8 MT of fuel-grade plutonium, 
intended for research and development in the breeder 
program and other civilian activities 47 Of this amount, 
about 3 6 MT had been processed at the Hanford PUREX 
plant before it shut down in 1972 The remaining 4 2 MT 
of unprocessed spent fuel was placed in storage awaiting 

coproducln# pllltonium and Iriliumit nperated as high as 4800 Mw,lor one day (18 June 
19671;DOE PETS L-Rea~lm, Vol 1 p 2-4 

44 DOE FEIS L-Raaclui Vol I p 14 

restart of the PUREX plant 48 By the end of FY 1984 the 
N-Reactor had produced in all about 8 3 MT of fuel-grade - 
plutonium 

In FY 1981, DOE instituted its plan for blending fuel- 
grade ulutonium at Savannah River with suoerarade ulu- - . - 
tonium to increase the supply of weapon-grade material 
The unseparated fuel-grade plutonium, in stored N-Reac- 
tor spent fuel, is designated forblending 4g When PUREX 
was restarted, discharged N-Reactor fuel with the lowest 
Pu-240 content was processed first This maximized the 
amount of weapon-grade plutonium available for mili- 
tary activities, directly or through blending In FY 1984 
1046 MT of low bumup fuel was processed, producing 
approximately 1 0  MT of weapon-grade (6 percent 
Pu-2401 plutonium FY 1985 plans called for processing 
an additional 1200 MT of low burnup fuel for recovery of 
1 2 MT of weapon-grade plutonium (6 percent Pu-240) 
Little, if any, of the newly recovered fuel-grade pluto- 
nium is scheduled to go into R&D "All of the plutonium, 
both fuel-grade and weapon-grade, is required to meet 
defense program requirements "51 

The electrical power output of the N-Reactor is 860 
Mw. Through FY 1984 the N-Reactor has delivered 
about 60 billion kilowatt hours of electricity to the 
Pai-ific Northwest since 1966 The income to the~ederal  
government from ~Ientricity sales was about $37 million 

49 [Al ~teniflcant portion of the iriutonlum In the N Reactor spent fuel is reserved tor 
defense p i i ~ ~ a m s : i t  is d e i i p l e d  lor blending h i d  

SO HAC PY 19M HWDA, Part 4 p 305: DOE. FtilS L-Reaclor p 1-4 As of (lie end 01 FY 
1983 about 3600 MT of N-Reactor spent fuel WWB in Etora~eat the Hanford Reservation 
T h e a v ~ u e  P u - 2 ~  assay of thismaterial wasanmnd 11 perwnl;letter (nmilohnL Mein 
hanit Director Officenf NuclearMalsrialePrndnetian Departmml of E n c ~ y  tnThomas 
R Godu-an 30 Awnst 1985 

51 HAC FY 1884 EWDA Part 4 p 305 
52 DOEM~nwranduro, Oet~nsePro- Awriinpli~hm~nts SinceJanualy 1931 DP-3 2,2S 

July 19H2 
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Table 3 5 
Weapon-Grade Plutonium from Reactor Production and Blending 

Savannah 
Hanford River Savannah 
Wman-  Weapon- River 

Grade Grade Supergride Wempan- 
Separated" Separated" Separated Grade by 

Ikgl ikgl Ikgl Fuel-Orade Requjrede IkgJ Blending ikÃ§ 
Annual Cumulative 

7ood asy I an I BO 540 
240d 7GW 350 530 1050 

Toml 
We.Kirn- 

Grade 1kgl 

. . 
c ~~~u~~~ N.Reactar operat& at 4 0 0 0 b ~ ~  and 52 capacity Factor for mamp~m requires 50 percent less fue~-gradep~ytonium 

in 1982-83 and was expected to rise by 69 percent, to 
more than $60 million in 1983-84. as a result of the ten- 
year extension to 1993 of the contractual agreement 
between D O E  and the Washington Public Power Supply 
Svstem fWPPSSI signed in lune of 1982 5z 

~ i ~ u r e  3 2 shows the pathways leading to "te prn- 
duction of weapon-grade plutonium An estimate of the 
net annual production of weapon-grade plutonium pro- 
jected into the late 1980s is provided in Table 3 5 This 
table combines weapon-grade production at the N-Reac- 
tor and supergrade production plus blending at Savan- 
nah River 

The Fuel Cycles 
Figure 3 3 depicts the fuel cycles for the production 

of plutonium and tritium at Savannah River and Hanford 
and the operation of the naval nuclear reactors Shown 
are the basic steps in a fuel cycle: uranium ore mining 
and milling, uranium enrichment, uranium conversion, 
fuel and tareet fabrication, reactor oneration. chemical ., 
processing, and waste storage The fuel cycle for the 
Naval Nuclear Propulsion Program is included because 
the uranium recovered from processing of naval reactor 
fuel is recycled into the Savannah River production reac- 
tors 

The Savannah River Fuel Cycle. As noted previ- 
ously, the Savannah River reactors are currently produc- 
ing tritium in the GReactnr and supergrade (3 percent 
plutonium-240) plutonium in the F, K ,  and L reactors 
Before the transition to supergrade production began in 
1981, the plutonium output was entirely weapon-grade 
(6 percent Pu-240) 53 

The flow of materials through the Savannah River 
fuel cycle depends in part on whether the reactors are 
producing plutonium or tritium For supergrade pluto- 
nium production, the Savannah River reactors have oper- 
ated primarily with a mixed-lattice core-that is, a core 
with a 50-50 mixture of H E U  driver fuel assemblies 
(about 60 percent enriched in uranium-235) and separate 
depleted uranium target assemblies in which plutonium 
is bred s4 

The HEU for the Savannah River fuel assemblies 
(Mark 16B and Mark 22) comes from four sources In 
order of priority, based on the cost of recovery from spent 
fuel or orallov production, these are: H E U  recovered at 
SRP and K:PP from research rear.tor fuel [about 80 per- 
cent enriched). HEL1 recovered at ICPP from naval reactor 
fuel [about 78 percent enriched), HEU recovered from 

reactor fuel recycled at SRP (currently about 
40 nerceni enriched). and orallov or its eauivalent at 90 . . 
percent enrichment 55 
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Figure 3 3 Nuclear weapons production and naval propulsion fud cycles 

The U-235 consumed in the fuel of the SRP reactors 2350 thousand Mwd annually, and a total core loading of 
must be made up by shipments from other sources to aug- some 6 to 7 MT of U-235 Currently about 1 MT comes 
ment SRP recycle For the operation of four production from research reactor fuel and naval reactor returns, and 
reactors, the "make up" is about 3 MT of U-235 per year another 2 MT comes from the diminishing stockpile of 
This results from a thermal energy production of about virgin oralloy at the Oak Ridge Y-12 Plant Beginning 
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- - - - - - - - - - - - 

Table 3 6 
HEU Requirements for SRP Reactor Operation' 

[kilograms1 

Fiscal Year SUP; Recycle + Research Reactwrb ICPP Oralloy Total 
1388 9691 947 820 1 1.458 

a For Mark 16-31lMark 22 fuel assemblies: J S AUender and I M Macstee Eon- b Mot hcludinguranium recovered from reject fuel tutes 
i c  Analysis of the FuelProAictionFacility, WST-54420 Savannah River Lab- c Assumed equal to FY 1993 throughput 
o r ~ t o v  Tech"* Div8sim 6 A p d  19W p 

about 1988, SRP will draw oralloy from UFr newly 
enriched at the Portsmouth gaseous diffusion plant 56 

The quantities of HEU needed annually at SRP for the 
fabrication of fuel to support reactor operations during 
FY 1968-2000 are shown in Table 3 6 

The driver fuel assemblies are made of uranium-alu- 
minum alloy at the Savannah River fuel fabrication facil- 
ity Uranium metal is shipped there from the Oak Ridge 
Y-12 Plant At Savannah River it is alloyed with alumi- 
num and extruded into aluminum-clad fuel tubes for 
Mark 16 assemblies After discharge from the production 
reactors, the spent driver fuel elements are processed in 
the H-canyon, one of Savannah River's two chemical 
reprocessing plants, to recover HEU for recycle 5? The 
HEU i s  shipped as uranyl nitrate by tanker trucks from 
the H-canyon separation plant to the Oak Ridge Y-12 
plant for further processing and conversion to metal As 
noted above, the metal is recycled to SRP to be made into 
new driver fuel elements This happens after the recycle 
stream has been supplemented with virgin oralloy drawn 
from Y-12 stocks and HEU recovered from spent naval 
reactor fuel processed dt the Idaho ~hemica i~eproces-  
sine Plant IICPP) at the Idaho National Enaineerine Labo- - - 
ratiry (INEL); 'and research and test reactor fuel 
processed at INEL and at Savannah River DOE is con- 
structing a facility for producing HEU driver fuel from a 

mixture of highly enriched uranium oxide (U30a) and 
aluminum using techniques of powder metallurgy 58 

The depleted uranium targets used at Savannah 
River [Mark 31 assemblies) are fabricated from metal 
slugs prepared at  the Feed Materials Production Center 
(FMPC) in Fernald, Ohio and the Ashtabula (Ohio) Extru- 
sion Plant They are bonded into tubular metal cans at 
Savannah River for reactor loading Irradiated targets are 
processed in the F-canyon, the second Savannah River 
chemical processing plant, for recovery of plutonium 
going into weapons, as well as recovery of depleted ura- 
nium, which is stored as oxide (U03)  on-site 

Tritium is produced at Savannah River by irradi- 
ating lithium-6 targets The enriched lithium is recov- 
ered at Y-12 from components of retired warheads and is 
alloyed with aluminum at Savannah River Reactors are 
loaded with a uniform core of Mark 22 assemblies com- 
posed of alternating concentric tubes of enriched lith- 
ium-aluminum alloy and HEU aluminum alloy (75 to 
90% U-235) Tritium is extracted from irradiated lithium- 
aluminum targets in H-area separation facilities and 
transferred to the Savannah River Tritium facility There 
it is loaded into reservoirs for subsequent insertion into 
weapons (see Fuel and Target Fabrication Facilities, Tri- 
tium Facility, under Savannah River Plant, Volume 111) 

An important byproduct of plutonium production 

l SavanDBh River: HAG N 1985 EWDA Pnrl4 pp 468-192 
5& HASC FY 19BS DOE. pp 167 337 
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activities is the production and recovery of neptu- 
nium-237 After several recycles the concentration of 
U-236 in the fuel builds up Under further irradiation the 
U-236 is converted to Np-237, which is recovered and 
fabricated into targets for Pu-238 production activities 
Pu-238 is used as a heat source for the generation of elec- 
tricity in reactors used in space and for other purposes In 
1968 the SR reactors changed from natural uranium fuel 
for plutonium production to highly enriched drivers 
This increased production of U-236 and Np-237 and 
accelerated the Pu-238 program 59 

Inventories of radioactive wastes ai the SRP through 
1983 include 111 thousand cubic meters (776 million 
curies) of high-level waste (HLW) stored in fifty-one large 
steel tanks,60 3 4 thousand cubic meters of stored transu- 
ranic waste [TRU) (98 5 kg of transura~cs; 581 thousand 
curies), 4520 cubic meters of buried TRU (9 4 kg of tran- 
suranics; 54 thousand curies), and 414 4 thousand cubic 
meters of buried low-level waste 1LLW1 (9 57 million . . 
curies as huried) =' 

The Hanfnrd Fuel Cvcle. Fuel for nlutonium nroduc- . . . . . . . . . . -" 
tion operations at the N-Reactor is fabricated from 
slightly enriched uranium, concentrated to an average of 
about 1 percent in in U-235 The principal assemblies, 
called Mark 1-A, are composed of an outer cylinder 
enriched to 1 25 percent and an inner cylinder enriched 
to 0 95 percent The enriched material is now supplied 
directly from the gaseous diffusion plants, although in 
the years prior to FY 1984 it came from existing stocks at 
Fernald 62 DOE Defense Programs are now rebuilding 
their stockpile of slighly enriched uranium hexafluoride 
This stockpile became severely depleted in FY 1984 

Uranium metal ingots for N-Reactor fuel are pre- 
pared at the Feed Materials production Center (FMPC), 
extruded into billets at the Ashtabula Plant The billets 
are sinlultaneously extruded and clad with zircoiiiuui al 
the Hanford fuel fabrication facilities The final oroduct 
is finished fuel cylinders 

111 the ~ e a ~ o n - ~ r a d e  (6 percent Pu-240) production 
mode. the N-Reactor reauires about 750 to 800 MTof ura- 
niumannually, compared to 315 MT when producing 
fuel grade (12 percent Pu-240) plutonium The pluto- 
nium and unused uranium is recovered from N-Reactor 
fuel at the PUREX separation plant Technically, PUREX 
(Plutonium-URanium-Extraction) can process up to 
2300 MT of N-Reactor spent fuel However, following 
restart in November 1983, it processed only 1046 MT of 
spent fuel in the first year, and 1057 MT in FY 1985 

The amount of fuel processed annually is expected 
to remain in this range due to limitations imposer by bi- 
monthly inventories of the nmdurt Il'u0,i stream of the ", 
plant wa 

The PUREX plant is also capable of recovering pluto- 
nium and uranium from other low burnup, slightly 
enriched fuel After the PUREX chemical processing 
plant was placed on standby in 1972, hatches of irradi- 
ated fuel were stored on-site at Hanford in water-filled 
concrete basins 

The recovered fuel-grade plutonium oxide will he 
shipped to Savannah River for blending, while the 
weapon-grade plutonium oxide is sent to the plutonium 
facility at LANL for conversion to metal 

Chemical processing wastes from PUREX, as well as 
from previous processing operations (Bismuth Phos- 
phate and REDOX, see Hanford Reservation, Volume 111) 
are stored on-site The totals through 1983 include 203 
thousand cuhic meters of HLW (474 million curies) 
stored in 169 large steel tanks,65 1 2  8 thousand cuhic 
meters of stored TRU (340 kg of transuranics; 28  4 thou- 
sand curies of alpha activity), 92 1 thousand cubic 
meters of huried TRU (350 kg of transuranics; 29 2 thou- 
sand curies of alpha activity), and 317 1 thousand cubic 
meters of LLW (5 04 million curies as buried) 66 

Naval Reactor and Research Reactor Fuel Cycles. 
The Naval Nuclear Propulsion Program (NNPP) is a joint 
program of the Department of Energy and the Department 
of the Navy It oversees all aspects of naval nuclear reac- 
tors including research, procurement, disposal, and sup- 
plying reactor fuel The naval fuel cycle interacts with 
the cycle that produces material for weapons Highly 
enriched uranium recovered from spent fuel of naval 
reactors is recycled to supply a part of fuel used in the 
Savannah River production reactors 

In the more than thirty years of the NNPP 161 
nuclear-powered ships have served in the active fleet 67 

These ships were propelled by a total of 182 reactors The 
current fleet (as of March 19861, numbering 149, uses 169 
reactors 68 The program also operates nine reactors at 
eight land prototype nuclear propulsion plants These 
land prototypes are used to test reactor designs and train 
crews 

Since the Nautilus f i s t  went to sea more than thirty 
years ago, U S  naval nuclear-powered ships have 
steamed over 65 million miles and have accumulated 
2900 reactor years of operation 09 Currently the nuclear 
fleet travels approximately 2 5 million miles a year 

5 AEC Report toCuwuM, 1069 u 3e 
6 S m m h  Rivet has 29 million @Ilona of HIW including 3 mlill(in udloui of sludge 9 

dhoapllcinaofidtcakii and 17milliongallonsnfliquid:HASC FY1985DOR n 3 s  
61 HOB Sofnt F^wl and Radioactive Waste Inventories mwetione ami Characteristics 

DOEINE-COl713. Scplcmbel1984 pp 66 116-19 IG4 
82 HAG FY 1984 EWDA Part 6 a 590 
63 MAC V Y  I 'W~ EWDA part 4 b 415 
~4 were put into dfect at the beginning nf PY 1985 to improve mclerfal 

acmuntirq sdepds 
65 'I'hete fife 118 siugls ehell and SO double shelf tanl^ Eight~ddiliond double shell b t e )  

are undci construction 119841 
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E DOE Soont Pun1 and Redloact& Waste Inventories PrcWilane and Charar.leristics 
DOEM 001713 ScDtember 1UB4 ao 66 118-19 154: HAC FY 1985 EWDA Part 6 r, . . 
87-1 

67 Commissionedto 30W-bcr l9B5 Includes NR-1 D e B ~ ~ ~ u b m a m n c e ~ e ~ e a r c h ~ e h i d e  
W See NEDL Nuclear wipons  Datebook Working Paper " ~ a v a l  ~ i c t o r s  May 1986 
69 HAC FY 1987 EWDA Part 6 p 1072; DO-D A Review Of this Unltsd Stales Navo! 

Ni1~1eorProctiJs.b Piyilram I- 1084 P 1 For a history see Richard G Hewlet1 and 
brands Dniican Nucicor Man- 19461962 [Chicago; The Udveraily of Chlcngo Press, 
1974) and No-? P o h  and Thomas B Allan flicfcorcr (New York: Simon and 
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Approximately 600 fresh reactor cores have been pro- 
cured through FY 1984 In 1974 there were 409 and by 
1979, 508 cores procured Refuelings have become less 
frequent as longer-lived cores have been developed 
There were fifty-eight refuelings between 5 May 1969 
and 25 February 1974, forty-two between 25 February 
1974 and 24 April 1979, and five a year between 1979 
and 1982 70 The total number to December 1985 was 203 

The first core for the Nautilus propelled the subma- 
rine for more than two years and 62,562 miles Modern 
cores last 10 to 15 years and over 400,000 miles Refuel- 
i n g ~  are done at Portsmouth Naval Shipyard at Kittery, 
Maine; Mare Island Naval Shipyard at Vallejo, California; 
and Newport News Shipbuilding and Dry Dock Cnm- 
pany at Newport News, Virginia 

In recent times, naval reactors have required approx- 
imately 5 MT of HEU each year 7' Twelve percent of this 
goes to research 72 Assuming approximately twenty new 
fuel cores procured per year, modern cores average about 
200 kg of HEU each HEU (973 percent U-235) is 
enriched at the Portsmouth plant from slightly enriched 
feed supplied from the Paducah plant The HEU is 
shipped from Portsmouth as UFa to Nuclear Fuel Serv- 
ices (NFS) at Erwin, Tennessee There it is converted to 
the chemical and physical form used in naval fuel ele- 
ments Since 1978 NFS has been the sole contractor per- 
forming this work" A second facility, this one 
government-owned, is being built at the Savannah River 
Plant Known as the Fuel Materials Facility, it is sched- 
uled to start to make fuel in 1986 and be on line in FY 
1988 74 The amount of HEU procured for the naval pro- 
gram will d o u b l e ~ t o  about 9 6 MT in N 1986Ã‘t meet 
the needs of NFS (Erwin) and the new facility and estab- 
i s h  a three-month working inventory for the program 

After conversion at NTS the reactor fuel is sent to 
either Babcock and Wilcox in Lynchburg, Virginia or 
UNC Naval Products in Uncasville, Connecticut for 
fabrication into reactor cores Typically, it takes five to 
seven years between the delivery of NFS fuel to these two 
fabricators, and the delivery of the cores to the Navy 

Naval reactors are built by either Westinghouse or 
General Electric Westinghouse supplied virtually all the 
reactors until the 1970s, producing 1 2 3  to date (to 30 
September 1985) General Electric produces reactors for 

7 h ~xieDueciorc!-he\NPPulruaff~~ 'ws.ic 5aai luceca%t 01IÃ‘Uro~~~iiement 
HAL f \  ,983 KW'JA An r. p 174 T ~ ~ ~ h ~ n n t i m ~ r o n i ~ o t a e p n e i w f w ~ i c  , b m m  
fir-vicrt 1-i $33 ~ B J  SWL- lFY 10831 $93 per SWU I t Y  -.OBI] alid SO6 pet SW11 IFV 18851: 
ti*> ,~h",,.. LIOh w#catn ?""om, ",?",,"" Th.., ,". I I F I  :":' , p""*>, :1.2.,,> p,,. 
rh.iwstor 1 M .w .w t < > ~ i .  5 10 MT i . ~  I T 4 1  183 n ! ~  ~ r v  

3 P o l o  1976Ihcfollowingnompaniesalsoprovided fuel for the NNPP: NuclearMaterials 
and Equipment GorporaLun (NUME7 Apollo PaniwylvaiHaiWl-1971; unitod N111;lnm 

LOS ANGELES class and OHIO class submarines, and its 
current total is 57 

Two government-owned contractor-operated labora- 
tories conduct research on improved nuclear propulsion 
plants The DOE'S Bettis Atomic Power Laboratory, Pitts- 
burgh, Pennsylvania is operated by Westinghouse Elec- 
tric Corporation, while the General Electric Company 
operates the Knolls Atomic Power Laboratory, Schenec- 
tady, New York 

Spent fuel cores removed from naval reactors are 
sent to the Idaho Chemical Processing Plant (ICPP) for 
HEU recovery Over its lifetime, ICPP has recovered on 
average 0 28 MT of U-235 per year from naval reactor 
spent fuel This amounts to about 47 kgof U-235 per reac- 
tor core, at an estimated enrichment of 78 percent 
U-235 75 DOE, however, has "firm commitments" for 
substantially increased quantities of spent fuel from the 
Navy in the early 1990s 76 A recently-started restoration 
project at the Idaho Chemical Processing Plant will 
increase the chemical processing capacity for HEU recov- 
ery from spent naval reactor fuel 

The spent fuel returns from the Navy are scheduled 
to double 1984 rates by 1992 and nearly double again by 
the year ZOO0 (see Table 3 6) y7 Uranium recovered at 
INEL is shipped to the Oak Ridge Y-12 plant to be stored 
or converted into metal "for reuse as fuels in the Savan- 
nah River production reactors and for use in the weapons 
program " 7 R  Alternatively, in the future naval reactor 
spent fuel may he disposed of directly without process- 
ing to recover uranium for reuse 7g 

The DOE processes spent fuel from U S and foreign 
research and test reactors at Idaho and Savannah River 
Currently the DOE accepts only HEU fuel, with an after- 
irradiation U-235 content of about 70 percent "Through 
February 1985 an estimated 19 MT of U-235 has been 
recovered from civilian, doitiestic, and foreign reactor 
HEU fuel (see Table 3 7) Overall, an estimated 0 5 to 0 6 
MT of HEU is recovered from research and test reactors 
annually 8 1  

The recovered uranium is shipped to Y-12 and, like 
the naval fuel, is recycled into driver fuel for the Savan- 
nah River production reactors 

Prior to 1982 most spent fuel returned to the United 
States from foreign countries was sent to Savannah River 

76 IIASCFY 1985 DOE p 149 
77 Ibid pp 149 18% 
7 HAC FV 1984EWDA Pail4 p 31)1 
79 IS Allcnder and I M Macafte p 5 
80 plane are in prepmationtoaccept low enrichedresearch reactor fuel (less thanmpmeni 

U-2351 a t  Savannah Rivec 
81 fn FY 1980 smrecovered o 6 MT mu ~roffimscorchaud tailreactor turfs (napnuluc- 

Â ¥  DOE fuels and finds from 1ndustW~l;HASC FY 1980 W E  p 752 
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Fuel Cycles 

Table 3 7 
Uranium-235 Recovered through 

February 1 9 8 5  from HEU Fuel 
of Civilian, Domestic, and Foreign 

Reactors 

Amirnt U-235 
Reprocessing Facility Recovered (kg1 

C-DD -. .. 
Domestic 320Oa 
Foreign circa 1250b 

Subtotal 4450 

INEL 
Research. Test, and Power Reactors 

Fuel Originally Enriched more then 7530~ d 
90% U-235 
EBR 2 Fuel (60k U-2351 3400" 

Project Rover Space Propulsion 2820d 
Subtotal 13,750 

West Valky, NY 
TOTAL 

BOO" 
19.000 

~ 

a Thls information isdenred from Tables0 2 D 3 D 5 and 0 2 in AppendixD 

b Estimated from~able 3 10 
c Letter from John L Malnhardt Oiree~oi- Olfice or Nuclear Materials Pro- 

Department of ~nerov to  avid ~lbciotit 6 MW 1965 11. includes B 
amall amount of foreion HEU 

I a s  o"~ina1lyenriched aver 90 percent u-335 
e Meinherdt op w . and corrections to the amount instea in the letter a: 

ecowi-BO from EBB 2 spent fuel INEL Persorial communication 21 May 
1985 

Source Table compiled by DavidAlbrigfit 

for processing Beginning in 1982 increased amounts of 
returned spent fuel were also muted to Idaho because of 
the reprocessing plant's unique capability to recover 
krypton, then in short supply (Radioactive krypton is 
used commercially as a leak detector 1 This arrangement 
will probably continue until 1986 when the Idabo plant 
will have been modified to collect krypton from the pro- 
cessing of naval fuel Spent fuel from domestic research 
reactors is processed regularly at both Idaho and Savan- 
nah River Table 3 8 shows receipts of foreign and 
domestic spent fuel at the reprocessing plants in recent 
years 

In the United States there are twenty-two DOE- 
owned research and test reactors in addition to fifty-nine 
research and test reactors licensed by the Nuclear Regu- 

Table 3 8 
Receipts of Spent Fuel 

from Research Reactors 

Savannah River 
Domestics b Foreign' 

U-235 U-23s 
Year HEU fkgl (kg1 HEU (kg1 Ikgl 

1976 ? Â¥ 71 46 
1977 ? ? 43 32 

Idaho Chemical Processing Plane 
Foreignc Till-ald 

U-235 U-235 
Vcar HEU lkgl Ckgl HEU lkgl #kg) 

1973 9138 5988 

a For 1978-78 C E Behrers Questions Concerrtng Spam; Nuclaar Fuel 
Enceting the U S  fmm Abroad Congrsssional Researchi Sewice 27 
Nawmtiar 1979 For 1979-81 letterwen attachments co T Herns PmSo 
Research Foundation Columbia SC from R C Webb Deputy Director 
Office of Extemai Affars. DOE. Savannah River Ooerauons Office. 22 July 
1983 FOP 1982 and 1983 DDE News Fact sheet on Foneiflnloomestic 
Research Spent Fuel Shipments Savannah River Operations Office June 
1983 and Febpuara 1994 

latory Commission (operated mainly by universities), all 
with DOE-owned fuel Approximately ninety-three for- 
eign research and test reactors operate with uranium of 
U S  origin Annually, about 1 MT of HEU (90 percent 
enriched) is either used domestically (about 600 kg) or 
exported [about 300 to 500 kg] 82 

Exported HEU comes from three sources: the Y-12 
inventory, the Portsmouth gaseous plant, and the United 
Nuclear Corporation Recovery System In the years 

2 Memurandurn Fromlames K Shea NRL to NRCCamml~io~cn IDcccmbn 19fll Inthc 
years 1973-82 an avemge of 438 kg 04 HEU cnrichnd TO an average of 68 7 percent IN= 
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HEU Exports and Returns 

vear 
Argentina 
Austria 
Australia 
Belgium 
Brazil 
Canada 
Colombia 
Denmark 
Finland 
France 
Greece 
IAEA 
India 
Indonesia 
Iran 
Israel 
Italy 
Japan 
Mexico 
Netherlands 
Pakistan 
Philippines 
Portugal 
Romania 
South Africa 
South Korea 
Switzerland 
Spain 
Sweden 
Taiwan 
Thailand 
Turkey 
U K 
Venezuela 
Viemm 
W Germany 
Yugoslavia 
Zaire 

Table 3 9 
U.S. HEU Exports and Returns by Country 

Exports Ikglb Returns &gl^ 

HEU 
94 11 
9 75 

10 19 
186 55 

7 70 
1861 49 

3 11 
26 21 
3 86 

6266 41 
6 61 
0 31 
0 10 
002 
5 55 

18 73 
382 07 

2015 52 
29 63 
63 22 
5 76 
3 29 
7 66 
39 25 
32 70 
29 61 
8 79 
9 41 

146 07 
9 91 
5 30 
5 32 

2301 02 
0 m 
0 39 

9993 65 
1705 
1 35 

Spent FueP TneaP 

U-235 HEU U-235 HEU 

Origri I-CB 29 November1Qa4 enclosurein le tce~to  Thomas B C a c h r m f m  
RobertA OBt-feit Jr DOE 13 December 1994 

1980-1983 about 40 percent was uranium metal taken From 1954 through 1983 the United States shipped 
from the DOE inventory at Y-12 Most of the remainder abroad approximately 17 MT of U-235 as HEU for 
was enriched on order at Portsmouth and shipped over- research purposes (It is estimated that 11 MT of the 
seas as UFti A small amount (about 2 percent) was mate- U-235 was HEU-enriched to 90 percent or better ) As 
rial recovered by United Nuclear m shown in Tables 3 9 and 3 10, about 1 5 MT was returned 

as spent fuel, and about 3 6 MT of U-235 was returned 

Ba DUE Nuclear Materials ManaawacW. and SnIcguards Svblem 
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3 
Plutonium Inventories 

Table 3 10 
U.S. HEU Exports and Returns by Year 

Year 
1954-1 956 
1957 

HEU 
0 
0 

HEU 
n 

TOTAL 

e Date except for 1983 from DOE Nuclear  arer rials ~ a n a g e m t  and Safeguards 
System NMMSSReuortTJ~25 28 March 1983 

e GAD Resort to Richard L Ottinpr Re- of Spent Nuclear Fuel from Foreign 
ReSBmrchRemctorsta the Unrled Skntes GAOIRCFO-85-47 13 December 1984 

b &turnsof U S orioi" HEU 
c DOE Nuclear Materials Management and Safeguards System 28  March 1983 
d DOE Nuclear Materials Management, and Safeguards System, NMMSS Report 

U 9 Origin Imports 29 November 1984, enclosure in Irtter t o l h x n a ~  8 Ccchran 
fpnm Robert A DBrien Jr DOE 13 Oei-emhe~ 1 RflA 

f Estlmaed 
g DOE NuclearMat~nals Mana-t anti SafaguanfcSystem. 2s N m b e r  1984 
h DOE News Fact Sheet on Fareiy1Doineat.i~ Research Fuel &Ã§pnient Savannah 

Riwr Operations Offica June 1933 and February 1984 

overall Additional uranium was sent back to the United 
States folluwinx separation from DOE-owned fuel at 

tium, highly enriched uranium, or lithium-6 The 
Department of Energy's inventory of fuel-grade pluto- 
nium is unclassified, and there is data on heavy water 
production Nonetheless reliable estimates of the inven- 

reprocessing plants i n  Belgium and France, during the 
1970s, and in Japan Recently, annual returns from 
abroad (average 240 kg contained U-235 per year for 
1978-82) have paralleled supply (assuming a fuel burnup 
of about 50 percent and a process loss of about 20 per- 
cent] " 

Plutonium and Tritium Inventories 
In the public domain government data is not avail- 

able on the inventories of weapon-grade plutoninm, tri- 

tories of nuclear weapon materials can be made (see 
Table 3 111 ' 5  

~heseinventories include the materials actually in 
the weapons themselves as well as material allocated to 
the weapons program In the case of plutonium and tri- 
tium it is believed that only a small fraction is currently 
available as a reserve 

in Arms Reduction Pro- 8- Issues David H Frisch ed N e w  Y a k  1-ho TwenUelh 
Century Vund Inc ,19611 
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Plutonium Inventories 

Table 3 11 
Nuclear Materials Inventories 

and Production 
(End FY 19841 

Material 
Plutonium 

Weapon- 
Grade 
Fuel-Grade 

Tritium 
Uranium 

HEU metal 
lithium-6 
deuterium 

Inventory 

approx 500-530 MT 
greater than 390 MT 
740+20 MT as heavy 
water" 

Annual 
Production 

2 5 MTa 

Nmeb 
10 7 k p  

None= 
None 
None 

Tahk 3 5 
1' The -tory is decreasing b y 0  5 MT per year iFY 10851, 0 6 [FY 19861; 

Savannah Rowireactors and 2075 MT is allocated For weaponsand other 
]""poses fincluding l o s d  

Weapon-grade Plutonium. The stockpile of weapon- 
grade plutonium accumulated from the Savannah River 
and Hanford production reactors is estimated to be 93 : 
7 MT as of the end of FY 1984 (see Table 3 12) The prin- 
cipal sources are the 49 Â 2 MT from the oriainal eight 
 anf ford reactors (see Table 3 3) and 45 2 7 MT from the 
Savannah River reactors (see Table 3 2 and Table 3 12)  
Some losses have occurred during reprocessing and tests 
By the end of FY 1990 the weapon grade plutonium 
inventory is expected to reach 1 1 0  MT 86 

Fuel- and Reactor-made Inventories. In addition to 
the stockpile of weapoGgrade plutonium produced spe- 
cifically for weapons, DOE'S Defense Program also has 
iurisdiction over some 16 MT of mainly fuel-grade pluto- 
nium (7-19 percent Pu-240) and an additional 0 a fvlT of 
reactor-grade plutonium (>I9 percent Pu-240) that has 
been accumulated over several decades 

The stocks of these materials might be legitimately 
referred to as "militarv" and "civil" inventories. deoend- ~ ~ 

ine on their ori~inal o r  intended use ~raditionaliy the 
fuel-grade inventory has been the source of plutonhim 
for the U S  breeder research reactor uroeram and other 
non-defense activities87 Some of this material is in 
unseparated spent fuel The remainder has been either 

66 s e e ~ a b l f  a B 
8, SleCnchran nriefingseasio~ 
as As of Deuembff 1WOill?N-KeacinT isestimated to have produced about 7 8 MT of fuel 

madeplutooJDm stareoperation began in 1063 :letter irom FC Gilbert &cling Deputy 

Table 3 12 
U.S. Weapon-grade Plutonium 

Inventory 
(End FY 1984) 

8 Hanford Reactors 

5 Savannah River Reactors 
Total Pu teauivaknti 
Tritium IPu equivalent] 
Other Isotopes (Pu equivalent1 

Subtotal SRP Production 

N-Reactor [ s h e  October 1962) 
Additions through Blending 

Subtotal Production 

Lasses 
Reprocessing 10 5%) 
Weapon Tests I3 0%) 

Subtotal Losses 

TOTAL INVENTORY 

Ciuil Plutonium Nature 317 119 September 1S351. 213-17 

unallocated or loaned to DOE civilian research and 
development programs Since 1981, weapons program 
demands have diverted fuel-grade plutonium from 
potential civilian use to blending for weapons use Plans 
also call for the eventual purification of the remainder in 
a plutonium isotope separation plant starting in the early 
1990s 

The single largest source of fuel-grade plutonium is 
the N-Reactor at Hanford From the start of operation in 
1963 until conversion to weapon-grade production in 
October 1982, it produced about 8 MT of fuel-grade plu- 
tonium 8" About half of this was separated prior to 1972, 
when the PUREX plant was placed on standby The rest 
was processed after the recent restart of the PUREX facil- 
ity The remainder of the fuel-grade inventory was built 

*.~~~r:n~<^~~p~.w*-al\,-'n,l'u~w~6 rjor tn~homrnr< rnrhran -Â¥t.vnn lilw A, 
I ei,il 0: KV "inn 4 2  M r 01' ",lei-fy;ooe pl.innnini rct'sni In unpmewed N R?xW 
f u e l  DO? ~.:ci ial i  ~ a i i q n e i i i  plan FY i9&i-iaÃˆ ~ ~ b l ~  !; J 
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3 
Plutonium Inventories 

Table 3 13 
Inventory of Fuel-grade and Reactor-grade Plutonium 

Metric Tons of Plutonium 

Product [separated! 
N-Reactor Fuel (unseparatedl 
Nonproduction Reactor Fuel Cunseparatedl 
Scrap [separated;' 
R&D Programs (separatedld 
TOTAL 

30 Sept 1980Ã 30 Sept 19811' 

Fuel-grade Fuel-grade Reamw-grade 
4 0 3 5 0 2 

4 7 
5 5 0 6 0 2 

0 6 
7.6' - 7.6 - 0.4 
17 If 17 0 D 8 

a Latter I- F.C Gilbert, DOE Acting Deputy Assistant Secretary for Nuclear 
Materials t o m a s  9 Cochran 24 March 1991 Doeenot Mudm (rrypiLitcnkm 
that has beene~orted mother countries Inventory vabes for 31 December 1978 
are found hHAC FY 1980 EWDA Pare 7 p 2635 

b Letter from John ., Jicha Jr Director, Production Dpefdtiona Division. Office of 
Nuclear Materials Production DOE ec Thomas B Cochran 1 9  April 1932 

c ln eddihcn DOE expecis ED recover all fuef-grade plutorium scrap expected t o  Os 
availablechirough FY 1992,letter from F C Gilbert DOE. 24 March 1981 

d An estimated 0 3MTof  weapon-grade plutonium was in DOE nondefense RED pro- 
yams in February 1se-l: tod 

unaepifated pi~itwium in N-~aa-torspeit  fusl w a s p m i d  for defense programs 
trough blending m the futureafter PUREX processing- *"i 

up "from the acquisition of material from many sources 
over the last forty years-for example, from commercial 
reactor fuel reprocessing operations (West Valley, New 
York), the accumulation of material from other U S gov- 
eminent reactor operations, material obtained by barter, 
and donations from firms and foreign governments "89 

Tables 3 13 and 3 14 give several accountings of the 
uuantitv of ~Iu toniun~ in the fuel-erade inventorv and its 
status, whether "separated" in aprocessing plant from 
the irradiated fuel in which it was produced or still 
"unseparated " As of 30 September 1981, the inventory 
consisted of 17 0 MT of fuel-grade and 0 8 MT of reactor- 
grade plutonium; in addition, there were some 0 3 MT of 
weapon-grade plutonium in DOE non-defense R&D pro- 
grams 90 In the year and a half before 31 March 1983, the 
fuel-grade inventory dropped 870 kg to a total of 16,130 
kg This resulted from withdrawals for blending at 
Savannah River and additions of fuel-grade plutonium 
inventory from further production at the N-Reactor and 
scrap recovery While the N-Reactor underwent conver- 
sionto a full ~ e a ~ o n - ~ r a d e  plutonium production (Octo- 
ber 19821. both weanon-wade and fuel-made nlutonium 
were discharged 91 The fuel-grade plutiniu6 produced 
was a few hundred kilograms at most 

The DOE plutonium in non-defense R&D, 7 6 MT of 
fuel-grade and 0 8 MT of reactor-grade plutonium, is 
used principally by the breeder reactor program in fuel 
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research and development; in the mixed-oxide fuel of the 
Fast Flux Test Facility [FFTF] at Hanford; and in the fuel 
plates or "coupons" for the Zero Power Plutonium Reac- 
tor (ZPPR], a critical facility at INEL FFTF fuel contains 
just over 2 9 MT of fuel-grade plutonium (nominal 1 2  
percent Pu-240) in approximately four core loadings92 
fabricated in the 1970s by the Kerr McGee Corporation 
This should cover operation through most of the 1980s 
Plans are to fabricate additional fuel in the late 1980s [at 
the Los Alamos plutonium facility), withdrawing the 
needed plutonium from the stockpile The ZPPR Project 
contains a total of 3 8 MT of plutonium, consisting of 3 4 
MT fuel-grade, 0 2 MT weapon-grade, and 0 2 MT reac- 
tor-grade 93 

In early 1983, the schedule for converting fuel-grade 
plutonium for weapons use was tentatively set at blend- 
ing 4 MT through the end of the decade and then enrich- 
ing the remaining 11 MT by laser isotope separation in a 
Hanford ~ l a n t  

~ u i n e  4 MT of the fuel-grad<; plutonium now in DOE 
K&U facilities, mainly in the fuel of ZPPR and FFTF, was 
obtained in the 1960s hv barter from the United Kinedorn 
underthe Mutual ~ e f e n s e  Agreement of 1958, the united 
States received the material in return for highly enriched 
uranium and tritium The potential use of the bartered 
plutonium in weapons has brought attention to some 
aspects of the exchange;95 because of its origin in civil 



3 
Tritium Inventory 

Table 3 14 
Inventory of DOE Fuel- and Reactorqrade Plutonium 

(31 March 19831 

Fuelgrade Plucomunf 

Separated 9780 0 kg Defense Uses 285 0 kg 
Unseparated 6350.0 kg Nondefense Uses 71150kg 

Total 16,1300 kg Not Altocatad" 8730.0 kg 
Total 16,130 Okg 

Reaccor^graie PluoniumO 

Seoarated 505 0 kn Defense Uses 0 0 
unsepsrated 
Total 

205.0 ki Nondefense Uses 

710 0 kg Nut Allocatedo 
Total 

requirements; ibid 

Source Letter fmmDonal0 Paul Hodel Secretary of Enerw to Richard L Ottinner 5 Marcti 1 9 l  

reactors96 assurances were given in 1964 by the United 
States that it would not be used for weapons purposes 97 

Table 3 5 shows the quantities of fuel-grade pluto- 
nium estimated to be required for blending to produce 
weapon-grade material Four metric tons will probably 
be used by about 1989 The table is based on projections 
for the annual production of supergrade plutonium at 
Savannah River, an activity that will be in comuetition 
with the production of tritium After 1989 the remaining 
inventory of fuel-grade plutonium will be converted to 
weapon-grade either bv blending or laser isotooe enrich- 
ment, contingent on the latter program's progress 

Tritium Inventory. The best estimate of the tritium 
inventory as of the end of FY 1984 is 70 kg with an uncer- 
tainty of Â 25 kg (see Appendix C) Based in part on an 
analysis of atmospheric releases of tritium from SRF', 
some 140 to 200 kg of tritium has been produced (with an 
uncertainty of Â 60 kg) since production began in the 
mid-1950s Much of this has been lost through radioac- 
tive decay (tritium decays at a rate of 5 5 percent per 
year) In addition, very small quantities have been sold 
commercially and used in research [see below), and the 
supply in weapons must be replenished periodically 

During the period from 1973 through 1981, tritium 
was produced in control rods. targets, a id  blankcts as an 
adjunct to plutonium production I f  this production was 

intended solely to offset radioactive decay, thereby main- 
taining the inventory at a constant level, that inventory 
would have been 40 kg (see Appendix C) With the subse- 
quent increase in production it would have grown to 
approximately 63 kg 

Estimates of the growth of the tritium inventory are 
based on the projected requirements for tritium produc- 
tion in the 1984 Nuclear Weapons Stockpile Memoran- 
dum Table 3 15, assuming that the FY 1984 inventory is 
70 kg, shows subsequent tritium inventory estimates 

Nonweapon Uses and Sources of Tritium 
Tritium produced at Savannah River is also both 

made available for commercial use and used by DOE'S 
fusion R&D programs Distributed by the Oak Ridge 
National Laboratory, some 0 5 kg per year is supplied for 
self-illuminating signs and other commercial purposes 
The present tritium requirement of the magnetic fusion 
program is on the order of tens of grams annually 9% 

In the Magnetic Fusion Engineering Act of 1980, 
Congress called for the construction of a demonstration 
fusion power reactor by the year 2000 YQ Subsequently, 
the program was slowed by budget cuts and its goal made 
less ambitious *on Two competing magnetic confinement 
concepts, the Tokamak and the magnetic mirror, were 
under development The Tokamak Fusion Test Reactor 
fTFTR) at Princeton University, was completed in 

% ~ n n s w d  written ~ n s w e r s  27 july 1982 c 43a 
ST ACDA Dcurunn'nfs on Di-anmt 19C4 p 171 

90 The Tritium Systems Test Assembly nt LANL was first tested in rune 19M using 10 5 
gr- of bitiolu: LANL Lui A h  Newahlliilia 27 July 1964 p 1 The oniite 

100 Sriem.e (2 November 19041 525 
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3 
Uranium Production 

Table 3 15 
Inventory of Tritium 

[FY 1964-991 

Tritium Inventory (kglm 

70 
76 
81 
86 
92 
99 
108 
120 
130 
137 
145 
154 
160 
161 
I62 
163 

the Fuel Productson Facility, OPST-84-420 Savannah RMT Laborbtory 
Technical Division 6April 1904 00 5 24 

1983 101 The first D-T bum was scheduled for 1986102 but 
has now been delayed a few years due to budgetary con- 
straints The Mirror Fusion Test Facility-B (MFTF-B) at 
LLNL is to be completed in FY 1986, but funding to oper- 
ate the project may be deferred l o 3  Should the program 
proceed to the development of commercial prototype 
machines the future tritium requirement is tiu<i.'xpn.'t&l 
tn exceed nne kilneram annnallv nr about 25 ke total '-u4 

Tritium may be available co~mercially from Canada 
by the late 1980s when it could be recovered in quantity 
from the heavy water of CANDU power reactors Can- 
ada's Ontario Hydro is considering building a tritium 

Ifll TheTFTR %-ratem had its first text at 3:06 a ID 24 December 1982 suix~ssfuUv hcatina 
hydrogengas and geoco'ting a plflwoa, lasting no thmndths of A wmnd 

102 Walter Sullivan New YorkTimcs 29December1982 p 1 Thefirst0 Thuionleitf me 
scheduled for 1988 and the tritium inventory would he only five wains LANL 'Los 
Alamua Ne'rtsbdetla 27 July 1984 P 1 

103 Sd0ni-c (2 Nnvumber lfl841: $25 
101 STABFIRE a 1 Z M  w e  W610 MW heat1 To- power plant deigned bv Anitiiu~e 

105 Nurli-or Engine~ringlnfiinuilionaf Oune 1 9 8 0  32-33 Plansfor asecond plantatFi& 
iaa have been canceled The Darliiiglon plant is bclng designed by Sul7-w Brothers of 
Winterthw SwUzerlmid The Camidlao plant will hix'ssenHally a scalwl-up versioo of 

recovery plant at Darlington 105 The $150 million plant, 
scheduled for operation in April 1987, is designed t'o pro- 
cess 350 kglhour of tritiated heavy water,l'JG producing 
up to 2 5 kg of tritium annually to7 The commercial 
demand in the West is between 0 5 and 1 0 kg annually 

The Production of Uranium 
Uranium is a slightly radioactive metallic element 

(atomicnumber 92; atomic weight 238 071, discoveredby 
the German chemist H M Klaproth in 1789 As found in 
nature uranium is a mixture of three isotopes: U-234 
(0 01 percent), U-235 (0 711 percent), and U-238 (99 288 
percent) 108 Only in the last forty years has uranium 
developed from a commodity of minor commercial use to 
one vital for both nuclear weapons and nuclear power 

In the ueak weanon ~roduction years 1955-1967, the 
United states manufactured some 30,000 nuclear war- 
heads To meet material requirements for these war- 
heads, the AEC fostered the growth of a commercial 
uranium mining and milling industry by buying uranium 
ore and concentrate (U308], and by building three huge 
uranium enrichment plants based on the gaseous diffu- 
sion technology By the end of FY 1964 the AEC had pro- 
duced on the order of 700 MT of highly enriched 
uranium (HEU], most of which was converted to metal, 
or oralloy, for use in weapons 109 While most of this oral- 
loy was indeed used in weapons, the AEC also had 
unused stocks when production of HEW metal was 
halted llQ 

Since 1967, the number of weapons and their yields 
have decreased. and the AEC (now DOE1 has been able to 
meet its requirements for HEU metal from existing sup- 
plies During this period all HEU for new weapons came 
from material recovered from retired weapons, and it was 
unnecessary to draw down the oralloy stocks at the Y-12 
plant 111 some of the oralloy inventory, however, has 
been used to sunnlv a oortion of the fuel for the SRP pro- *.  - . 
duction reactors, as well as fuel for some DOE andfor- 
eign research and test reactors 

Demand for HEU is increasing The U S  weapon 
stockpile is growing once again, newer warheads have a 

109 Oralloy is the mime us-&mu-235 or highiyenriched uranium 193 5 percent U-2351 
metal for weapons The name which derives from. Oak Ridge Alloy was a code word 
uwd dunae the Manhattan Fmleci 

110 Long Ranee Nuclear weapon. Planning Analysis for the Final Report of the DODrnE 
Loan Ramie Resoui~ePlannlnicGroup 15 Iuly i990.p 73 The Eiiridied Uraniummn- 
o n  Facility at the OakRidtie Y 12 plant used tocool-crt coritAed LTg 10 UE. was 
placed on ~tandhy in FT 1384; HAC VY 1981 EWDA Part 4, p 506 On aft Amil i9B4 

reactors reduce the production of U-235 for weapon-. and allocate more fiiainnablr 
piaierlals for waceful "MS. AUDA Uocuments 011 Diwinnuineiu 196-1 up m-ev 

I l l  HASC FY 1985 DOE o 115-16:bvFY 1982 fn rexarn~le  !(l(l ~nrcent nftheHEU recov 
ered hum retired weapons was recycled lor nawWriaimndiHASC FY 1982 DOE pp 53 
172; HAC F Y  1985 EWUA Pml6 p 859 The prOje~led Supply of bisbly eildch~dure- 
nium shown in the Q'f 1984-89 Nuclear Weapons Stockpile Memorandum inclurkM 
Â ¥ r i a  from weapons scheduled for retirement plus the existing Y-12 Plant mven 
tury Ibid . p BBU 
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3 
Uranium Mining and Milling 

Table 3 16 

FY - 
1949 
1950 
1951 
1952 
1953 
IS54 
1955 
1956 
1957 
1958 
1959 
I960 
1961 
I962 
Totals - 

AEC Domestic Uranium Ore Purchases 
1FY 1949-621 

At Buying Stations Under Special ATmngemmts 

Tons of Ore Pounds UzO, Tons of Ore Pounds U,0, 

28.742 126,302 
65,602 351,752 

Tons of Ore Pounds U,Oa 

28.742 126.302 
65,602 351,152 

The  second ariu tniro uu uinna repraaurib uru p u r u h ~ ~ d  81. dawn iiiffeiT'r.1, cw-biJyilq s1.n~ no- iiw;,n.cn fnrva-ying cnGtn% nt t 'mr in thc 
Webiurn Uinl-ml Slu:e% uy AI-C hcrwryn 194H nnrt 13W 1 hn tn.rr.h an0 t1fr.h cnlijmnn m n w  nm hnucht unflcr nwc a arrangemerts w t n  
mills and the AEC ore-buvina aaentto ourchase ore in certain areas for a limited time and usually while mills were under construction All . .. - 
of :in :i,Kf'?.K8H tnns nt ors bougr":ur~na this per od was graddaily sod  t o  the mills By t i e  en0 of 1900 the-e were 1 3 m Iliois tons or 
ccfi i d d  in qove-nwnt stockoi es. at  the ero cf Dece'nbe- 13GEJ the AEC had no ore s tm~p i ies  P i e  eleven AE3 ore-auyin~ staticns 
were a t  Globe and Tube Citu, Arizona: Edaemnc. South Dakaca: Grants and Shiorock, New Mexico: Marvsvale. Moab. Monticello. end - 
White Canyon. Utah; and crooks Gap and Riverton. Wyoming The last AEC station, at  Monticello, Utah. was closed on 31 March 1962, 
with the termination of the Domestic Uranium Program Circular 5, Revised 

Soiirca DOE Statistical Data of theUranium IMustrv GrandJwetion Area Offm WO-lQOI83l 1 January 1983 p 71 

higher yield to volume, and production reactors continue 
to draw on the oralloy inventory for part of their fuel 
requirements As a consequence, DOE plans to call for 
the resumption of oralloy production in FY 1988-90 with 
"a potential for a substantial increased requirement for 
highly enriched uranium" 112 

Uranium Mining and Milling 
To meet military needs in the early 19405, the Man- 

hattan Engineer District obtained uranium ore from the 
rich pitchblendes (greater than 10 percent equivalent in 
the uranium oxide U30a) of the Belgian Congo and the 
Great Bear Lake, Canada These deposits were supple- 
mented by production from a few small mines in the Col- 
orado Plateau area These high-grade ores and 
concentrates were refined by an ether extraction tech- 
nique adapted from analytical chemistry procedures 
The processes used for low-grade ores were relatively 
crude and reflected little change from methods used at 
the turn of the century Milling costs were high and ura- 
nium recovery was relatively inefficient 

After the Atomic Energy Actof 1946 wentintoeffect, 
the AEC placed strong emphasis on the discovery and 
development of new sources of uranium in the United 
States It also encouraged development of improved pro- 
cessing techniques to satisfy renewed military 
demands "3 Major domestic sources of uranium were 
found in flat-lying deposits in sedimentary rock-princi- 
pally sandstone in the western states InApril 1948 the 
AEC initiated a program of incentives that inrlnded nrire 
guarantees andbonuses for discovery and delivery in 
order to spur exploration and production The response 
was so great that the government was able to terminate 
domestic ore purchases in 1962 and slow concentrate 
purchases until terminating them in 1970 Between 1949 
and 1962 the AEC purchased some 3 6 million short tons 
of uranium ore. containing 11,373 tons of U3O8 (see 
Table 3 16) 

Contracts to process the ore were negotiated with 
private industrial concerns The end product of this 
activity was uranium concentrate, mainly uranium oxide 

i n  H A 2 . H  1"f'iUOK pp ?IS- l t i .  R~nnuan~infrtÃˆRn-irhedU:aniumC-:-nv<-r~~nF*cll 
Hv at ttw Y I2 pbnt bcildi. "scheduled fot mpl tUun  in the t p t q  of 1SBB: HAL tT 
i s R V i D A  run 4 p Wi. quotetmm MAC 1"A'11.\ t"V lUB6 I'lin 7 p 664 
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Uranium Mining and Milling 

Table 3 17 
AEC Uranium Concentrate Purchases 

[FY 1942-71 1 

Domestie TOM Overseas Tons 
U30. a Tons UIOa UIOa Total Tons U,Oa 

710 400 37W 4610 

Now: All resources are expressed in short tans UaOe lone short Con UaOa contains 0 7693 metric cons of wanium l t ~ n n e s  Ul 

- Approximate numbers 

Cumulative Tons 
U30, 

4810 
5310 

as 
Purchases prior to 1947. whichpredata ttie AEC warn by Manhattan Engnw District 
Atotalof 31 738 tons of concentrate were purchased from tofeign snur~es prior ta FY 1956 1301 cons less than indicated by the tableahovel: R o b e  Pitman DOE private 

oonnrnunii;aticin I t  February 1961 

(U30a), known as "yellowcake " (See Uranium Mining 
and Milling, Chapter Five) While domestic ore pur- 
chases ceased in 1962, the AEC continued to buy U,08 
from both domestic and foreign sources (primarily, Can- 
ada and the Belgian Congo) until the end of calendar year 
1970 By that time the AEC had purchased some 325,286 
short tons of U30a, 55 percent from domestic sources (see 
Table 3 17 and Figure 3 4) 

Between 1943 and 1964. when urnduction of nrallov 
L U ~ S U ~ ,  the United States had accumulated suiua 205,000 
MTof uranium (containing 1458 MT 11-235) Onethird of 

this U-235 is found in the nuclear weapons stockpile 
Table 3 18 documents the record of concentrate 

(U30E) production from U S uranium mills About 
398,000 short tons of UiOn had been produced by the end 
of 1984, resulting in over 200 million short tons of mill 
tailings 

Between 1960 and 1962, up to twenty-sixmills oper- 
ated in the United States (excluding plants producing 
byproduct uranium from phosphates) Their annual pro- 
duction exceeded 15,000 short tons of U30n from seven 
million short tons of ore (average grade of 0 21 percent) 
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1 Source- DOE Statistical Data of the Umnmm Industry Grand Junction Area Office BJD-1DCHB33 1 January 1983 D 74 
~p - 

Figure 3 4 AEC uranium purchases [Tons of UgOn and millions of dollars) 

Reduced military requirements and the slow develop- 
ment of commercial nuclear power resulted in fewer 
operating mills and lower uranium production between 
1963 and 1970 Since the mid-1970% a curtailment in 
commercial reactor sales, cancellations of reactors 
planned and under construction, and foreign competi- 
tion from highgade ores have all contributed to a sub- 
stantial drop in the demand and price of U30g and a 
sharp reduction in U;0Ã production The number of 
operating uranium mines in the United States has 
decreased steadily since 1979, when there were 362 
underground and open-pit mines By 1983 the number 
was down to 110 114 

Between December 1981 and February 1984 the 
number of operating mills dropped from twenty to ten 
(with an average capacity of 2800 short tons per day) (see 
Tables 3 19 and 3 20) Mill capacities in 1984 ranged 
from 750 to 7000 short tons of ore per day 

As of January 1983, U S uranium ore reserves in the 
ground contained a total of 889,000 short tons of U.Oa 
(average grade 0 06 percent) recoverable at a forward cost 
of $100 per pound or less 115 Of this, 576,000 short tons 
(average grade 0 10 percent) were recoverable at $50 per 

1 H  DOE Dumealc Uranium MiningflndMIUing Industry WE'S-OW3 Llwnmhor11)84 
0 ?9 In 1 ~ 3  t h m  1s- dm tw mlutiun (in situl ~mming opcmtiom eisht h y ~ d u c t  
[phosphate and ~ p p e r )  inimrigopnratinna and w~maoiiconv~iilninalprm~~se~ (hcnp 
a c h i n g  mim water mill tiilinu and luw-ftradii stOCLplles 

pound or less, including 180,000 short tons of U& 
(high-grade, 0 2 1  percent) recoverable at $30 per pound 
or less 

Uranium Enrichment 
In U S nuclear warheads, fissile components made 

of uranium are enriched to a concentration of 93 5 per- 
cent U-235 Thus the concentration of U-235 must be 
increased 130 limes from its value in naturally occurring 
uranium The separation of uranium isotopes to obtain 
U-235-en~iched product is an important step in the pro- 
duction of uranium weapon components 

The developnlent of uranium enrichment and the 
U S enrichment enterprise was begun under theManhat- 
tan Project during World War I1 Four processes were 
developed during the war and brought into the large 
demonstration or production stages The electromagnetic 
process, using the Calutron isotope separator developed 
by E 0 Lawrence, was set up in the Y-12 plant at Oak 
Ridge It produced the first gram quantities of HEU in 
1944 This process was abandoned after 1946 because it 
proved more costly than gaseous diffusion The thermal 
diffusion process operated in the S-50 plant at OakRidge 
provided slightly enriched feed to the Y-12 plant until 

1 5  DOE, Domeatiu Uninluflii Miuilm uinlMillui~ liidnslrf, IIPWS-Oftia DM-hw U@6* V 
ifi Woiward costs arc theopmiitlitg .md capital costs incurred in the production of lho 
"m"3"", 

Nuclear Weapons Databook, Volume I I  81 



Uranium Enrichment 

Table 3 1 B 
U.S. Uranium Concentrate 

Production 

Short Tons m i  hp,' 
Annual Cumulative 

139,706 
10,589 150.295 
11.253 161.549 
12,368 173.916 
11.609 165,525 
12.905 198.430 

Grade of 
Ore 

1% U#,l 

0 229 
0 203 
0 195 
0 208 
o 202 
0 205 
0 213 
0 208 
0 176 
0 170 
0 157 
0 154 
0 131 
D 105 
0 119 
0 114 
0 119 
0 128 

1945 At that time the S-50 was shut down in favor of 
gaseous diffusion, with its lower cost and greater energy 
~Ffi"i,=""., ".*.. ."....,, 

The first sections of the Oak Ridge K-25 gaseous dif- 
fusion olant were cornnletftd and became onerational in 
1945 1 6  The K-27 ~ u i l d i n ~  was added and went into 
operation in early 1946 117 By the late 1950s, gaseous dif- 
fusion plants had been constructed at three U S  loca- 
tions: Oak Ridge; Paducah, Kentucky; and Portsmouth, 
Ohio By 1977 all of the Manhattan Project stages at Oak 
Ridge had been retired from operation and replaced by 
gaseous diffusion stages of the K-29, K-31, and K-33 sec- 
tions (see Uranium Enrichment, Chapter Five] 

Gas centrifuges for uranium enrichment, the fourth 
wartime process, were operated in 1944 at the Bayway, 
New Jersey, refinery of the Standard Oil Company Work 
was suspended at that time because of mechanical diffi- 

culties The process was based on Beams* work on iso- 
tope separation at the University of Virginia It was 
resumed again in the United States in the late 1950s "8 

The government then began a program to develop large, 
high capacity machines of the type constructed for the 
now-cancelled Portsmouth gas centrifuge enrichment 
plant 

After 1946. all enriched uranium was produced in 
the three gaseous diffusion p l a n t s ~ a t  Oak Ridge, Padu- 
cah, and Portsmouth Construction and expansion of 
these plants occurred from 1943 to late 1955 On wmple- 
tion, as HEU requirements for weapons increased, pro- 
duction of enriched uranium rose sharply and reached a 
peak of about 16 5 million SWU in FY 1961 119 This was 
close to the overall cauacitv of 1 7  2 million SWU The 
plants maintained output rates into 1964, when the pro- 
duction of HEU for weapons was terminated Separative 
work uroduction then drooued to a low of about 6 mil- 
lion swu in 197OiZn (see Figure 3 5) After that produc- 
tion began to rise again in anticipation of demand by 
civilian nuclear power plants for low-enriched uranium 
Consequently, plans were made and implemented to 
increase the capacity to its present level of 27 3 million 
SWU New reactor construction and enrichment sales 
did not meet expectations, however Only about 40 per- 
cent of the capacity was in use when the Oak Ridge plant 
was placed on standby at the end of FY 1985 Construc- 
tion of the Gas Centrifuge Enrichment Plant (GCEP) at 
Portsmouth was cancelled in 1985, after spending $2 6 
billion New capacity was not needed so soon, and 
Atomic Vapor Laser Isotope Separation [AVLIS] technol- 
ogy was being developed for the future 

The main enrichment activity is to produce low- 
enriched uranium at Paducah and Portsmouth for the 
commercial nuclear industry The gaseous diffusion 
complex produced about 10 4 million SWU in FY 1985 
and expects to produce about 7 6 million SWU in FY 
1986 (see Table 3 21) Highly enriched uranium is pro- 
duced at the Portsmouth plant, which alone has a capac- 
ity of 8 3 million SWU per year Just over one million 
SWU of enrichment are utilized annually for defense 
related purposes, almost all of it going to HEU for the 
naval reactor program 121 Based on current DOE esti- 
mates, future annual requirements for military programs 
range from about one to five million SWU 1z2 

Uranium oxide from the mills (yellowcake] or oxides 
of uranium recovered from fuel processing and metal 
from storage must be converted into UF, before introduc- 
tion into the enrichment cascade There, a UF, feed 
under pressure encounters a series of micropore barriers 
that selectively pass molecules containing U-235 more 
frequently than molecules containing U-238 (See Ura- 
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3 
Uranium Inventories 

Mill 
Anaconda 
Atlas Minerals 
Bear Creek 
Chevrm 
C~noca/Pioneer Nuclear 
Cotter 
Dawn Mining 
Energy Fuels Nuclear 
Exxon Minerals 
Federal/American 
Kerr McGee 
Minerals Exploration 
Pathfinder Mines 
Pathfiner Mines 
Petrotornics 

Table 3 19 
Status of U.S. Conventional Uranium Mills 

Location 
Bluewater. NM 
Moab, UT 
Powder River Basin, WY 
Hobson. TX 
Falls City. TX 
Canon City. CO 
Ford, WA 
Elanding, LIT 
Powder River. WY 
Gas Hilts, WY 
Grants,  NM 
Red Desert, WY 
Gas Hills. WY 
Shirley Basin, WY 
Shirlev Basin. WY 

Plateau Resources ~icabo'o. LIT 
Ria Algm La Sal. LIT 
~ o h i o i ~ e s m e  Cebolletta, NM 
Union Carbide Urevan. CO 
Union Carbide Natrona. WY 
United Nuclear Church Rock, NM 
United Nuc /Homestake Grants, NM 
Western Nuclear Jeffrey City, WY 
Western Nuclear Wellpinit, WA 

TOTAL 

Rated Capacity (Short Tons of Ore per Day1 

Dnc 1981 Dec 1982 Dec 1983 Fob I S M  

6000 .a .a 

1400 1400 1400 3 

2000 soon 2000 2000 
2500 2S00 2500 2500 
3400 .a .h n 
1200 2000 _a _a 

450 .a _a 3 

e lnaccm G Mill und~rcnn6triir;Uon 
b Dismantled 

Source: WE Domestic Uranum Miningand Milling Industry DOE/S.D033 December 1584 p 21 

nium Enrichment, Chapter Five] The enriched UFe 
product that emerges from the cascade is converted to the 
desired form-e g , uranium metal for production reac- 
tors or uranium oxide [UOs) for power plants~prior  to 
fuel fabrication 

Enriched uranium to fuel the naval propulsion reac- 
tors comes only from enrichment plants Uranium recov- 
ered from spent naval fuel is not recycled to the naval 
reactors As already stated, the production reactors at 
Savannah River and Hanford obtain enriched uranium 
for fuel directly from four sources: HEU recovered from 
spent naval and research reactor fuels; slightly enriched 
uranium [SEU) and HEU recovered from the irradiated 
production reactor fuel; HEU stockpiled at the Oak Ridge 
Y-12 Plant; and SEUfrom the gaseous diffusion plants 123 

Prior to FY 1984, SEU for the N-reactor came from 
existing Inventories, but in FY 1984 the proper assays 
(0 95 percent and 1 2 5  percent U-235) were no longer 

available DOE began to acquire them again from the 
enrichment complex 124 

Table 3 22 illustrates separative work requirements 
for various uranium enrichments required in defense 
programs For example, the production of a kilogram of 
oralloy for weapons, starting from natural uranium feed, 
requires the expenditure of 236 9 SWUs, while the pro- 
duction of a kilogram of 11 percent enriched U-235 
requires only 0 53 SWUs, all at 0 2 percent U-235 in the 
tails 

Uranium Inventories 
HEU for Weapons (Oralloy). The DOE has allocated 

a fixed quantity of HEU metal for weapons 125 The best 
estimate of this inventory fin weapons and reserved for 
weapons) is about 500 MT [see Appendix DJ In addition, 
the DOE has a dwindling stock of HEU metal, perhaps as 
much as 30 MT, stored at Y-12, which is allocated to 
meet fuel requirements for Savannah River reactors and 
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Future HEU Production 

Table 3 20 
Capacity of U.S. Conventional Uranium Production Facilities 

Dee 1981 Dee 1982 Dee 1383 Fell 1934 

Number of mills ooeratma 20 14 12 11 
Number of mills not operating 

Total number of mills 

Total rated mill capacity 
[tons of ore per day1 

Operating 
Not operating 

TOTAL 54,050 55,050 51.650 51,650 

Annualized utilization of operating milk3 [tons of ore 41.570 21.510 16.830 
per day) 

Utilization level of operating mills 
Â¡/ of operating capacity 
%of  total rated U S capacity 

a Annualized to 350 work flays 

Source: DOE O~mastte Uranium M'nb and Mi lW Industry DOEiS-0033 December 1384 p 20 

DOE and foreign research and test reactors through FY 
1988-90 The HEU inventory for weapons is expected to 
rise to as much as 650 MT by the mid-1990s (see below, 
Production of Additional HEU for Weapons) 

At Enrichment Plants. The uranium inventory at the 
DOE enrichment plants consists of enriched uranium, 
tails, and natural uranium feed As of the end of FY 1984 
DOE has 6824 MT of enriched uranium at an average of 
1 9 percent U-235 (see Table 3 23) The enrichment tails 
inventory totaled 275,813 MTU in the chemical forms 
UF4 and UF8 128 The assay of these tails ranged from 0 2 
percent to 0 3 percent U-235, withmore than one half 0 2 
percent Most of the tails, 183,485 MTU, was at the Padu- 
cah GDP There were 37 8 MTU of uranium feed (natural 
uranium in the chemical form UFc), 21 8 MT of which 
was also at the Paducah plant 

The DOE separative work inventory at the end of FY 
1984 was 19 125 million SWU'27 (see Table 3 21) 

At Other Sites. As of the end of FY 1984 the inven- 
tory of unclassified DOE-owned uranium spread among 
thirty-five locations (other than enrichment plants] 
included 5076 MT of enriched uranium, mostly at UNC 
Nuclear Industries, which operated the N-Reactor and its 
fuel fabrication facility at Hanford; 335 MT of depleted 
uranium, over half of which is also at Hanford: and 47 7 
MT of natural uranium (see Table 3 24) 

Production of Additional HEU for Weapons 

The enrichment of uranium for weapons is planned 
to resume in FY 1987 and take place over several years 
New oralloy production is projected to increase the 
inventory by as much as 150 MT, approximately 30 per- 
cent of the current inventory The new HEU is desired for 
weapon production and later for reactor operation "We 
now see a potential for a substantial increased require- 
ment for highly enriched uranium the total cost, if 
this all materializes, for that increase will be approxi- 
mately $4 billion over several years "128 

Initially DOE gave consideration to purchasing addi- 
tional uranium ore It has since decided otherwise since 
it "has sufficient uranium resources in its enriched, natu- 
ral, and depleted inventories to economically meet cur- 
rently projected defense needs for uranium through at 
least 2000 "129 

The enrichment complex bas sufficient operating 
capacity to meet schedules for new HEU, but production 
would be costly The annual production of 15 MT of oral- 
loy (e g , to supply 150 MT over a period of ten years] 
would take 3 5 milliion SWU of separative work and cost 
$365 million (FY 1985 dollars) 

The FY 1984 su~~ lemen ta l  budget reauested $4 9 
million to begin renovation of the Enriched Uranium 

128 MAC PY 1986 EWDA Part 7, p 689.65 Tho cost of oirallny it assumed 10 be $24 3 3 4  
U-235 11935 dollaisl and feed costs are excluded 

129 Nucfeor Fust (20 May IflSS]: 2.3; HAC FY lS8B EWDA Part 7 p 746 
127 WE,Enclosure toletter from J W PaAs to Thoma B Cccllrmi 6 lailuaiy 1966 
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Future HEU Production 

Table 3 21 
DOE Uranium Enrichment Production, Sales, and Inventories 

CFY 1971 -841 
Thousands SWU at Production Tails Assay 

S a t e  Ending Inventories 
Ciuilian Work In Finished 

FV Prediction Leasn/Sale Governnwnt Total S a l u  P~OCBSE Product Total 
1971 6640 6991 1845 8836 434 13.232 13.666 

Sources: For 1071-84: DOE Enclosure tofetterfrom J W Parks t o  Thomas B w a n  6 January 19m. eatiirtates for FY 1985-87:HAC FY 1937 E m A  Part 4 p 1797 

SauiYB- 1944 tfl 1974 frCm Janes H HH. QEÃ‘J. Manacer Joe W Parka 
Chief Plans &Analysis Branch Dak Ridge 0perati- ~r&,um Enrichment in 
the United States IERDA. Oak Uidge Taness-1, 5 March 1975; 1371 t o  
1984 from enclosure t o  letter from J W Parks DOE to  Thomas B Cochran 6 

Figure 3 5 Historical separative work production Annual separative 
work (in millions of Kg SWUI performed by the three U 8 gaseous 
diffusion anrkhm~nt ~ l a n t s  The enriched uranium vroduct has been 
used for weapons and as reactor fuel 

Conversion Facility at the Y-12 plant 130 This facility, last 
used in 1964, converts UFÃ from the enrichment plants to 
UF,, an intermediate step subsequent to conversion to 
metal 1-n The deteriorated facilitv will reouire extensive 
refurbishment and restoration over a four-year period 
[PY 1985-88) at an estimated cost of $20 6 million 1x2 

Resumed production of HEU for weapons is planned 
for FY 1988 This early date was set to meet the demand 
from new weapon designs with different mixes of materi- 
als, to expand the stockpile, to rebuild the reserve, and to 
offset retirement bottlenecks 

A drop in the stockpile size and total yield suggests 
that HEU weapon requirements have been reduced since 
1965 The historical trend has been to use less HEU in the 
fission cores of smaller and lighter weapons that rely 
more heavily on plutonium Some new warheads enter- 
ing the stockpile are altering this trend Greater amounts 
of HEU are used to achieve higher yields and higher 
yield-to-volume ratios Higher yields are achieved by 
substitution of HEU for depleted uranium as, for exam- 

130 MAC FY 1% E W A ,  Part 6, up 555-56 
131 HAC FY 1&85 EWDA Part 4 pp 505 09 
132 Ibid 
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Deuterium and Heavy Water Production 

Table 3 22 
Enrichment Requirements for One Kilogram of Product 

Separative Wark 
Product Assay Uranium Feed Feed Assay W- Enrichment Tails Required lkilqram 

Product Use IW-2351  Required (kg> 2351 Assay <%U-2351 SWUI 

Naval Fuel 97 3 190 0 0 71 1" 0 2 261 0 
Naval Fuel 97 3 55 5 1 95 0 2 132 0 
Weaoons 93  5 182 6 0 711a 0 2 238 9 
Weapons 93 5 42 4 2 4b 0 2 108 9 
SRP Driver Fuel 60 0 116 0 0 71 1- 0 2 147 0 
Power Ftmctors 3 0 5 48 0 7 1 1  0 2 4 3 
Mark 15 Fuel 1 1  1 76 0711" 0 2 0 53 

Table 3 23 
Uranium Inventories a t  the 

Enrichment Plants 
(As of 3D September 1984, in kilograms) 

Normil Enriched OtpllUll 
Oak Ridge 
GDP 

Element 7,247,764 41 55,672 38,931 -91 7 
Isotope 51,489 101.S30 86.250 

Paducah 
GDP 

Element 21,791,217 2.334.770 183,485,003 
Isotope 154.936 19,673 426,525 

Ports- 
mouth 
GOP 

Element 8,730,548 333,932 53,395,618 
Isotope 62.074 9,741 123,392 

Total 37,763.529 6.824.374 275,812,536 
Element 

Total 268,499 131.244 636.167 
Isotope 

Source; P T  Marquess, DOE Oak Ridge Operation8 Latter to Thomas W 
Cochran 18 March 1985 

pie, In the PEACEKEEPERMX W87 warhead '33 Higher 
yield-tovolume ratios are achieved by substituting HEU 
for lithium deuteride 

Since HEU is supplied for new warhead production 
mostly from retirements, disruption of a planned retire- 

3 1  SASC. FY 19W3 WD, Part 7 D 4966 
134 The W33 is  a min asscmhly nralloy fission weapon LITTLE BOY the bomb droppisri 011 

Hiroshima,wsa a run assembl', waauun i-ouldhilnfl60 in) Ciforaliuy [sen Nuclvw Wmp 
i s  Dulubook Volume 1 Chapters Ono to Thmd 

ment schedule can also affect the availability of HEU 
The 1000 W33 8-inch artillery-fired atomic projec- 

tiles, for example, contain some 60 to 70 MT of HEU, or 
roughly 1 0  percent of the entire HEU inventory 134 

Retirement of these artillery shells, planned for the late 
1970% was held up due to several factors Delays were 
caused by controversy over production and deployment 
of the orieinal "neutron bomb" replacement, subseaueot 
production problems with the replacement, and military 
reluctance to remove W33s from Europe without replace- 
ments 

Deuterium and Heavy Water Production 
Deuterium (symbol D), the stable isotope of hydro- 

gen with one proton and one neutron in the atomic 
nucleus, occurs in ordinary water with a natural abun- 
dance of approximately one part in 6500 (0  015 mole per- 
cent) of the element hydrogen '35 The isotope was 
discovered by Urey in 1932 as a component of liquid 
hydrogen in which deuterium had been concentrated by 
evaporation 

Deuterium in high concentrations is produced in the 
form of heavy water [Dm through processes that 
increase the proportion of deuterium to hydrogen atoms 
in water [HgO]; far beyond natural occurrance Heavy 
water with a [D20) purity of 99 75 percent or higher is 
produced routinely 

In practice, slight differences in the chemical 
properties of heavy water and natural water are 
exploited, through processes of distillation and chemical 
exchange, to bring about the separation of the heavy 
water from natural water Various isotope separation pro- 
cesses have been developed and engineered for concen- 
trating heavy water [and deuterium) (see Chapter Five, 
Heavy Water Production) In the United States, Canada, 
and other countries it has been the practice to utilize sev- 
eral processes as the concentration increases from 0 015 
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Table 3 24 
Uranium Inventories a t  Other Sites 

[As of 30 Seoternber 1984, in kilograms) 

0rgdUtk.n  

General Electric. 
S m  Jose. CA 

Element 
Isotope 

Organization 

AiResearch 
Element 
Isotope 

Natural Enriched 

Ames Laboratory 
Element 
Isotope 

Hanford Engineering 
Development Laboratory 

Element 
Isotope Argonne National 

Laboratory - Plutonium 
hold in^ Area 

Element 
Isotope 

IRT Carp . San Diego. CA 
Element 
Isotope 

Babcock 6 Wilcox, 
Lynchburg 

Element 
Isotope 

LLNL, Mercury. NV 
Element 
isotope 

MIT 
Element 
Isotope 

Battelle, Pacific 
Northwest Lab 

Element 
Isotope 

Oak Ridge Assoc Univ 
Element 
Isotope 

Chicago Operations 
Office 

Element 

45 lessthan 1 
less than 1 

Oak Ridge National 
Laboratory 

Efement 
Isotope 

DOE Environmental 
Measurements 
Laboratory 

Element 

Oak Ridge Operations 
Element 
Isotope 

EGSG Idaho. Inc 
Element 
Isotope 

39 1 
less than 1 

Pennsylvania State Univ 
Element 
Ismope 

Fast Flux Test Facility 
Element 
Is0tGp~ 

Princeton Plasma 
Laboratory 

Element 
Isotope 

Fermi National Laboratory 
Element 
Isotope 

GA Technologies, Inc , 
San Diego 

Element 
Isotope 

Purdue University 
Element 
Isotope 

General Electric, 
Vallecito, CA 

Element 

RockweR H a n f d  
Operations 

Element 
Isotope * Isotope 3458 3 3 9  
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Organizatmi 

Rockwell IntI 
Santa Susana, CA 

Element 
Isotope 

Rockwell Ind , Rocketdyne 
Element 
Isotope 

Stanford Linear 
Accelerator Center 

Element 
Isotope 

Stanford University 
Element 

Savannah River 
Operations Office 

Element 
Isotope 

TRW Systems 
Element 
Isotope 

Table 3 24 
Uranium Inventories a t  Other Sites (continued] 

[As of 30 September 1984, in kilograms) 

Natural Enriched Depleted Organization 

UNC Nuclear Industries 
Element 
Isotope 

University of California 
Lawrence Berkeley 
Laboratory 

Element 
Isotope 

University of Puerto Rico 
Element 
Isotope 

University of Virginia 
Element 
Isotope 

TOTAL [MTI 

141 3 less than I 
less than 1 

13 less than 1 
less than 1 

Means Ieee than a raponabla quantity 

Source. P T  M a w s  DOE Oak Ridge Operations Letter to  Thomas B Cmhran 16 March 1985: Robert A 0 Brien Jr DOE Washington OC Letter tn Thomas B Cochran 
17April 1985 

percent to the desired reactor-grade concentration of 
99 75 percent or higher 

Reactor-grade heavy water has been produced in the 
heavy water production facility (now on standby) at the 
Savannah River Plant This plant uses a combination of 
the dual-temperature hydrogen sulfide extraction pro- 
cess and the distillation process (see Savannah River 
Plant, Heavy Water Plant, Volume III) Between the years 
1952 and 1957, heavy water was also produced in the 
United States at the Dana Plant in Newport, Indiana 137 
Heavy water from the Dana and Savannah River Plants 
has been used for the moderator and coolant in  the SRP 
production reactors Approximately 250 MT of D;0 is 
required for the initial loading of each SRP reactor 138 

Heavy water from the Savannah River facility has also 

been used in DOE test reactors, privately owned research 
reactors in the United States, and in foreign reactors 

In May 1982, DOE announced the termination of 
heavy water production at Savannah River (as well as its 
sale) The plant capacity had already been reduced to 90 
MT per year DOE claimed at that time to have an inven- 
tory that would last into the 1 9 9 0 ~ , ~ ~ ~  including require- 
ments for the restart of the L-Reactor 140 The heavy water 
rework unit remains in operation (this recovery facility 
consists of four distillation towers) to remove H a d  that 
has accumulated in the coolant during reactor opera- 
tion 141 The heavy water production facility, although 
officially on standby, will probably never be restarted Iu 

The second important use of heavy water is as a 
source of deuterium for the fusion yield warheads of 

a d  on 21 lul? 1959 ownership was transfcrrrid froin the A-tC to the Army Chemical 
corps to permit modification of the tadlitles tor other uses John " l,"yB,ton The 
Motaic Uneiw D e s U w i  [Mt-w York: Reinhold Publishingcorpmtion, 19fial p 120 
E K Diikns and R W  Bliujamin, .%vannah Riwr Planit Airliura~ Emis~iun h m l s  
DPST Wii-1054 Savannah River Laborator" Aiken S C  p 6.1 
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Heavy Water Inventory 

Table 3 25 
U.S. Heavy Water Production, Sales and Inventory 

Maximum 
Capaciw Prmductim IMTI 

w IMTI~PI ~ m n m a ~  Cumulative h m a ~  
D.meBtica Total 

Manhattan District Plants 
1942-45 14" 

Cmsalidated Miming and Smelting Co i f  Canada, Ltd , Trails, EC, Canada 
1945-55 6 9b 

Dam Plant, Wabash River Ordnance Works, Newtion:. INÂ 
1952-57 410d 1500e 

Savannah Riinr Plant [first product October 19521 

CJ itirecmoo-idon cepaciti of Uannat:an Dstrict Plants at W=-ocntow WV 
Ct "CmIurc A. ""d Nft,xt \- Donall w <-hi>. Dg0.h2O SeDdratc" ? 
o~.x-.cr H.W~-R vat I f~.wr~,;~.c v -cd w C R Twnn + lhw '/>-a nvzr. 
l e a  Pub1 1960) P 53 

b l n  1955 thispiantwaa ~ i ~ l l  man~faiy:i~rIng h w w a t e r  a t 6  0 wns pet- war, itfid 
c ~roduction began in ~ p r i l 1 9 5 2  operatimswere discontinuedon 24 May 1357 and 

theplantwas placed in sl,an(ibvon 23August 1 9 5 7  AEC ReporttoCangresa July 
.as7 " ." 

i Projected values 
1 MSG FY19BZOOE p 1BS 
k The inventory at Savannah River Included'dOO MTof heavy water inreactom SAC 

. . 
e Gilbert lbd - 
f Ibid: see also Volume 111 Savannah River Heavy Water Plant 
g Include? 3-monch trangtion quarter 
h HASC FY 1900 DOE p 235 

[3 June 1932) 
p AEC R m r e  to  Congress Jsrruarv-Oecernher 1967 p 43 Values a i m  are fa! 

cmlenda" yemr 
Â¥ John L Meinham DOE Letter to Thomas E Cochran 29 April 1985 
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3 
Enriched Lithium Production 

nuclear weapons For this purpose deuterium is either in 
the form of deuterium gas (Da) or in compound with lith- 
ium as lithium deuteride (see Nuclear Weapons 
Databook, Volume I, Chapter Two) Deuterium gas pro- 
cessing and lithium deuteride production are hoth car- 
ried out at the Oak Ridge Y-12 Plant 1- D, is not 
recovered from heavy water at Savannah River prior to 
shipment to Y-12 144 DOE is currently increasing lithium 
compound production and heavy water requirements at 
the Y-12 Plant "5 

Heavy water in small quantities was first made avail- 
able for sale in the United States by the AEC on 1 May 
1947 The first exports and large scale domestic sales of 
heavy water for use in reactors began in FY 1956 146 Can- 
ada has been a major commercial producer of heavy 
water In 1984 Ontario Hydro of Canada was carrying its 
heavy water inventory at a book value of (Cdn) $375 per 
kilogram, while in its annual report Atomic Energy of 
Canada, Ltd (AECL) valued heavy water at about $270 
per kilogram 147 

Data on U S  heavy water production, sales, and 
inventory are presented in Table 3 25 Canadian data for 
the 1945-55 period are also included since the United 
States probably purchased heavy water from this source 

Estimates place the United States production at 
approximately 7300 MT of heavy water Approximately 
3600 MT were sold through February 1983 (see Tables 
3 25 and 3 26) Approximately 1100 MT are in four 
Savannah River reactors An additional 525 MT is in stor- 
age at Savannah River This leaves a balance of approxi- 
mately 2100 MT, a portion of which has been used or 
reserved for weapons 

Enriched Lithium Production 
The metal lithium (symbol Li, atomic number 3, 

atomic weight 6 939) is found in nature as a mixture of 
two stable isotopes, lithium-6 (7 42 percent) and lith- 
ium-7 (92 58 percent) Lithium-6 has two principal 
nuclear weapon applications, as a reactor target and con- 
trol rod material for the production of tritium, and as a 
thermonuclear weapon material in the chemical form 
lithium-6 deuteride In hoth cases tritium is produced by 
a neutron absorption process:148 n + qLi6-T + zHe4 
Lithium constitutes approximately 0 006 percent of the 
earth's crust, making it more abundant than lead or tin 149 

Many processes can he used to enrich lithium in the 
isotope Li-6 In the U S nuclear program enriched lith- 
ium had been concentrated by a chemical exchange pro- 
cess in facilitiesat the Y-12 Plant 12" (See Vnlume [[ I .  Oak 
Ridge Reservation, Lithium ~nrichment Facility) The 

146 AEC, Uepori tn Conpcs~  Jailuaiy 1957 p 38" 
4 7  Nuclfflir Fuel (18 July 19841: S 
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Table 3 26 
U.S. Heavy Water Exports-and 

Irnportsb 
(1 January 1 9 5 4  through SB February 19831~  

Exwrta D20 I m p i t s  
Country I M T ~  IRetnrnsI 

Argentina 196 722 
Australia 24 361 5 0 3457 
Belgium 0 531 
Canada 2207 453 77 6884 
~~~~~k 16 4458 2 9a53 -. - 
France 
India 

Israel 39916 
Italy 101 3301 22 335 
Japan 93 783 
Netherlands 1 406 1 3540 
Norway 28 4868 
Pakistan 17 4262 
South Africa 5 4889 5 1834 
Spain 4 6266 4 6207 
Sweden 216 0753 25 0857 -~ - - -  

Switzerland 1043139 
Taiwan 2 4966 
United Kingdom 95 7626 
West Germany 353.5669 O,B922 
TOTAL 3712 7096 203 5406 

a Letterlroniomald Paul Hods1 Secretary of Energy to Richard L Ottinoer 
Houseof Repr-esentatrnes, 10 May 1983 Enclosure 2 

b DOE NMMSS -rt U S Origin Imports. enclosurB in IBKorfrom Rob& 
A 0 ~ n e n  .k to ~homas a co&lwan 13 December- 1984 

c There were no imports ireturns1 of U 6 origin hea/v water p r k ~  to  1957 
and in tha years 1960 1961 1367 and 1975 to mid.? 9B4 Ithe end of the 
report oeric-01 

piuilu~tion veiituie was begun in 1953 The material was 
needed for the 1954 thermonuclear wennons t ~ s t ,  and it  
was necessary to build the enrichment plants before the 
feasibility of using lithium-6 had been verified '51 After a 
decade of activity, the enrichment plants were placed on 
standby in the early 1960s and later most were disman- 
tled These plants were also the sole source of high purity 
lithium-7 (99 7 percent-99 9 percent) for commercial 
use 152 

Currently at Y-12, metallic lithium-6 is chemically 
bonded with deuterium from Savannah River to produce 
lithium-6 deuteride, compacted into a chalk-like solid 
The pressed powder is then baked and machined to final 



Non-nuclear Material Production 

High Purity Pu 

Weapon Grade Pu 

6% Pu-240 

6% Pu-240 

Furt Grade Pu 

Ri^irv-v HASC FV 1995 ODE fl 143 
L 
Figure 3 6 Blending Two parts of supergrade plutonium (3% Pu- 
2401 when blended with one part fuelgrade plutonium t12% Pu-2401 
will produce three parts weapon-grade plutonium t6% Pu-240) 

dimensions The result is a ceramic material so chemi- 
cally unstable in the presence of moisture that it must be 
assembled in "dry rooms ''15'J Dry room workers in the 
Y-12 Plant wear air-conditioned waterproof body suits 
with sealed helmets to keep their body moisture from 
causing the lithium-6 deuteride to decompose 154 

The lithium-6 deuteride components are shipped 
from Y-12 to the Pantex Plant for the final assembly of 
weapons Enriched lithium recovered from retired weap- 
ons is recycled to the weapon program and is used to 
make reactor targets for tritium production 155 

In the early 1950s the AEC began purchasing lithium 
hydroxide in quantities amounting to several million 
pounds annually Purchases continued into 1959 when 
they were stopped as abruptly as they started '56 The lith- 
ium hydroxide that was acquired by the AEC. presuma- 
bly for the weapons program, come from three sources: 
the Lithium Corporation of America (Lithco) in Gastonia, 
North Carolina (now a subsidiary of Gulf Resources and 
Chemical Corporation of Houston, Texas); the Foote 
Chemical Company in Exton, Pennsylvania; and Ameri- 
can Potash, which is now absorbed into the Kerr-McGee 
Corporation Except for some lithium processing carried 
out on a very small scale under government contract by 
Lithco, these companies have not, since 1959, supplied 
or procured lithium for the weapos program 

Thus the enriched lithium for weapons and produc- 
tion reactor targets appears to be derived almost solely 
from government purchases of lithium hydroxide 
between 1950 and 1959 lS7 Existing stocks of enriched 

3 l a r d  Miirldiid The Secret t h d  Exuloded (Nmv York Random Hmun IflBl)  p SRI . e. 'L<A 

lithium are apparently sufficient for the needs of the 
weapons program A lithium enrichment plant at the 
Y-12 Plant in Oak Ridge is officially maintained on 
"standby condition,"15' but it is probably either disman- 
tled or requires upgrading before it is capable of 
restart 159 

Approximately 42,000 MT of lithium hydroxide 
monohyrdate (LiOH HgO)-from the quantities 
purchased by the government for the nuclear weapons 
program between 1950 and 1959-have been transferred 
to the General Services Administration (GSA) and adver- 
tised for sale since about 1968 This represents only a 
portion of the lithium hydroxide purchased by the gov- 
eminent during the 1950s Of the amount transferred, 
6450 MT of material depleted in lithium-6 (containing 
965 MT of lithium) were sold for commercial purposes 
from FY 1968 through FY 1978 "0 No further sales were 
made until FY 1982 The GSA excess stock in 1981 was 
reported to be 25,850 MT of depleted material (contain- 
ing 4270 MT lithium) and 10,400 MT of virgin material 
[containing 1720 MT lithium) "" 

A lower limit to the quantity of enriched lithium 
metal in the U S defense programs stockpile is estimated 
to be some 390 MT 162 This estimate is based upon the 
amount that could have been produced in the enrich- 
ment plants leaving 31,700 MT of depleted material A 
second estimate is 1500 MT This estimate assumes all of 
the deuterium in the 2500 MT of heavy water available 
for weapons was combined with enriched lithium to pro- 
duce lithium denteride 

Non-nuclear Material Production 
Beryllium. Beryllium metal (symbol Be, atomic 

number 4 ,  atomic weight 9 0122) is used in non-nuclear 
components of nuclear weapons It serves as a neutron 
reflector and neutron amplifier in nuclear warheads At 
an earlier stage in the design of nuclear weapons, beryl- 
lium was an important component of neutron initiators 
Neutrons to initiate the fission reaction were produced 
hv the interartion of alnha narticles from the radioactive 
decay of polonium with beryllium 163 Beryllium compo- 
nents are manufactured primarily, if not exclusively, at 
the Rocky Flats Plant Beryllium is also suitable as a neu- 
tron reflector and moderator material in nuclear realtors 
It is a highly toxic material 

Production In the mid-1950s beryllium require- 
ments were met by a government-owned plant at Luckey, 
Ohio operated by the Brush Beryllium Co In 1955 AEC 
invited proposals to supply beryllium from private 
industry Subsequently the material was supplied solely 
by commercial sources 164 

160 Readlm Lon% CSA p"vntc rommunhhm 

1 1  John V: Fens} and fa- P fieerle 'Lithium 1981 Bureau of Mines Mineral Van-book 
preprink U S  ~ e ~ a r l u i a n ~  c.1 the lintai-i'nr Only ahnul 9 MT nt this stock were *Id 
hirtweca FT 19.33 and the firat quarter of FY 1985 An additional 17 MT of depietod 
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Production Increase 

Currently Brush-Wellman, Iuc of Elmore, Ohio (for- 
merly Brush Beryllium) is the only large United States 
commercial producer of beryllium concentrates Low- 
grade bertrandite ore mined in Utah is the major commer- 
cial source of beryllium ore Imports of beryl, a silicate of 
beryllium and aluminum (3BeO Ala03 * 6SiOi) augment 
the domestic supply of ore concentrates, and there is a 
small domestic output of beryl 

Brush-Wellman converts both beryl and bertrandite 
ore to beryllium at its plant in Delta, Utah The company 
has initiated a program to stimulate domestic and foreign 
beryl mining, to make use of its beryl ore processing 
capacity Brush-Wellman plans to modify the Delta plant 
by mid-1983 to process Eower grade beryllium ore 185 The 
company uses the Sawyer-Kjellgren process to produce 
reactor-grade metal and beryllium oxide (BeO] from 
beryl Domestic production consists of beryllium metal, 
beryllium oxide, and bervllium-co~~er master alloy 166 

T h e  Cabot Berylco Division [formerly ~ a w e c k i - ~ e r -  
ylco Indiistries. I & )  of the Cahnt Corporation produces 
bervllium-co~oer and other bervllium allow at its nlant 
in Reading, Pennsylvania The plant uses imported and 
domestic ores that have been converted to beryllium 
oxide "7 

In 1980 the manager of the Albequerque Operations 
Office, testified, "Only one company [probably Brush 
Wellman] in the U S  manufactures beryllium to DOE 
specifications Previously there were two "168 

The projected weapon requirements for beryllium 
were set out in 1979 by the Assistant Secretary for 
Defense Programs: "If we look at the requirements 
through 1986 which are in the present stockpile paper 

, OUT estimate is it will require about 125,000 pounds 
of beryllium oxide to fulfill the need of that stockpile ''leg 

Beryllium is inventoried by the government for the 
National Defense Stockpile of strategic materials Hold- 
ings as of 31 March 1984 are 18 0 tons of beryl ore (11 
percent Be), 7 4 tons of beryllium copper master alloy, 
and 229 tons of beryllium metal 170 

Other Non-nuclear Materials. Gold, a metal used in 
nuclear weapons, is purchased by the government on the 
open market In addition to gold and beryllium, other 
non-nuclear materials that might be incorporated into 
nuclear warhead components~aluminum, chromium, 
nickel, tin, titanium, and tungsten-are acquired by the 
government as part of the National Defense Stockpile 
inventory of strategic and critical materials 

IBS BenjainiD Pelhut Benrllium. 1481 Burulu of Mines MeneciilsYedibuuk Reprint U S  
D ~ @ a r t m ~ " t  d f h c  Interior Iflfli p 1 

I l i B  Dud 
167 Ihid 
168 HASC FY 1981 DOE p 164 
I68 HASC FY 1880 UOE p 208 

Initiatives to Increase Production 
The Carter administration began plans to upgrade 

the nuclear weapons production complex These plans 
have given rise to several initiatives to increase the pm- 
duction of nuclear materials, principally plutonium and 
tritium President Carter bequeathed to President Reagan 
an accelerated set of warhead production goals These 
were contained in Carter's last NWSM, signed on 20 
October 1980, and in his FY 1982 budget request Upon 
entering office, Reagan provided an FY 1982 budget of 
his own, increasing the DOE Defense Programs request 
by almost $300 million, to just over $5 billion The mate- 
rials production budget, alone, increased from $837 mil- 
lion to $931 million 17' 

The Reagan administration, in addition to taking on 
Carter administration production accelerations, also 
added new requirements In August 1981 Reagan 
announced that enhanced radiation weapons would be 
produced, reversing the Carter moratorium On 2 October 
1981, President Reagan unveiled his five-part strategic 
weapons modernization program 172 Reagan's first 
NWSM, signed on 1 7  March 1982, called for a different 
mix of weapons that, coupled with certain technological 
developments, drove materials production requirements 
even higher Smaller size weapons with higher yield-to- 
weight ratios required more plutonium per weapon And 
additional supplies of tritium would be needed for 
enhanced radiation weapons 

Reagan's second Stockpile Memorandum, signed 18 
November 1982, reinforced production goals In approv- 
ing the NWSM, he had declared that, " as a matter of 
national policy, [alrbitrary constraints on nuclear 
materials availability shall not be allowed to jeopard- 
ize attainment of the forces required to assure our 
defense and maintain deterrence '''73 This memorandum 
included, apparently, a plan to create "sufficient 
reserves" of special nuclear material [SNM),174 needed 
"as insurance against unforseen SNM production inter- 
ruptions and to allow for surge capacity "175 The 
required plutonium "reserve" was set at some 5 MT By 
the time Reagan's third NWSM was signed on 16 Febru- 
ary 1984,176 plans to build up the inventory of HEU had 
also been established, signalling a move to increase the 
yield of new warheads 

The size of the U S nuclear weapons stockpile has 
increased slightly since 1982 As a DOE official stated in 
March 1983, the number of weapons in the stockpile was 
expected to increase by 13 percent by the end of FY 

7 FEMA SlockpileReporttotheConeres~ Ociciben983-March 198s Ociobmi9M P 22 
171 Gumparison uf the Carter Budget juatifiratinns in HAG VY 19.42 RWUA Part 6 wid1 

R w n  s in KAC l-'Y 1802 EWDA Ptirt 5 
172 For ansxtenaiw discussion sec SASC Strategic 1'un.e Mcdeniizaliun Premium: He* 

i n g s  and SASG Mudemizat iu~ of the U 5 Strategic Drterrent Hcar iw 

176 HAG FY 1 9 ~ 5  EWDA Pane pp 5 ~ - 5 5  761 
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N-Reactor Conversion 

1988 177 Nonetheless, technical problems in production, 
funding constraints, and political controversy over cer- 
tain warheads have held back these projections signifi- 
cantly 

Increased production trends are reflected in the 
budgets for materials production and in the increased 
employment in the production complex The budget for 
materials production has gone from $506 million in FY 
1980 to $1 741 billion in FY 1985 "8 In just these three 
years employment has grown at materials facilities from 
9700 in FY 1981 to 21,400 in FY 1984 17" 

A number of initiatives designed to increase the 
amounts of plutonium and tritium, and HEU available 
for the weapons program are shown below: 

The Facility Restoration Program 
Blending 
N-Reactor Conversion 
PUREX Reactivation . L-Reactor Upgrade 
High Productivity Cores 
U-236 
New Production Reactor 
Special Isotope Separation [SIS) 
PUREX Modification 

The near-term programs have served to expand the pro- 
ductivity of present facilities or revive dormant ones 
The longer term programs call for building a new produc- 
tion reactor as well as using new technologies to process 
material more efficiently The total cost of these initia- 
tives is well over $2 billion, plus $3 to $6 billion more if a 
new reactor is built 

Facility Restoration 
The Facility Restoration program was begun in FY 

1981 as a general multiphase effort to improve and 
restore operations throughout the materials production 
complex The seven-year program is estimated to cost 
$462 million [FY 1985)18" by completion It will have 
made equipment replacements and system impmve- 
ments at the production sites, Savannah River and Han- 
ford, and at the feed plants, Fernald, Ashtahula, and 
Y-121'1 Idaho National Engineering Laboratory, 
although excluded from this initiative, has its own resto- 
ration program to upgrade and expand the ICPP for 
receiving increased quantities of spent naval reactor fuel, 
separating the uranium for recycle, and storing the waste 

CUMReport. 26 September 1B-4, pp 347-49 
179 HASC FY 1982 D0E.p 121;MA.X. PY l9a4 DOE p 133: Nevatthekss as OORoflinial~ 

told Congress in early 1985 'We have been barely slaying above the demand Curve 
U A Q "  ""3*"~",,r " 4 0  ....u-, . . .""" """ ." 

100 IIASC. l-T 198s DOE, p l4a 
181 MAC, FY 1982 EWEA. Part 6 P 238: HAC PY 1903 EWDA, Part 4. u 262; HASC PY 

1983 DOE 0 377: HASC PY 1983 DOE p 351; I-IAC FT" 1-4 EWDA Pail 6. P 532- 
HAC FY tW5 EWQA Part 8, p BUS 

Blending 
At production sites, several initiatives have contrib- 

uted directlv to increasine the outuut of plutonium for 
weapons prior to FY 1981, the Savannah~iver reactors 
produced weapon-grade plutonium The Blending pro- 
gram initiative, started in FY 1981, converted the reac- 
tors to the production of supergrade (3 percent Pu-2401 
plutonium By mixing supergrade with fuel-grade pluto- 
nium from Hanford, about 50 percent more weapon- 
grade plutonium is produced than with the reactors 
alone 'az 

The first supergrade production occurred in April 
1981 183 By FY 1983 the conversion was complete in two 
reactors [P, K), and the third (C) was producing tritium 
Accelerated reactor operations for supergrade produc- 
tion required halving the target irradiation time and 
doubling the fuel throughput This increased target 
fabrication activities at Fernald, Ashtabula, and Savan- 
nah River and expanded the volume of irradiated targets 
processed at Savannah River 

N-Reactor Conversion and 
PUREX Reactivation 

At Hanford, two initiatives-N-Reactor Conversion 
and PUREX Reactivotion-brought additional pluto- 
nium into the weapons program relatively inexpensively 
and quickly First conversion of the N-Reactor from the 
production of fuel-grade plutonium to the production of 
weapon-grade plutonium began in early 1982 and was 
completed by October The conversion increased 
weapon-grade plutonium production by some 600 kg per 
year Fuel requirements jumped to more than twice those 
for fuel-grade production The FY 1983 budget included 
$34 4 million to support increased fabrication require- 
ments at the feed plants, Fernald, Ashtahula, and Han- 
ford In addition, most of the fuel charge-discharge and 
handling equipment at the N-Reactor had to be over- 
hauled and modified The N-Reactor plutonium could 
not be recovered, however, without an operating 
reprocessing plant The PUREX reactivation program 
was thus funded in the FY 1981 budget In November 
1983 it began operations five months ahead of schedule. 
creating its first product in February 1984 1'4 It was 
needed to process newly irradiated N-Reactor fuel and to 
recover fuel-grade plutonium (about 4 MT] from spent 
fuel in storage since 1972 The latter was needed for 
blending Reactivating the plant cost $195 million 
Annual operating costs are $71 million with another $21 
million for waste management 185 Other options have 
been suggested to increase N-Reactor production further 
One was to increase power some 10 to 15 percent lm The 

8 B l e n d i ~  fsva Fieurn 3 51 cmnhincs two parit of snperpdt 13 parcent Pu-2401 plulu- 
,~ium with nnn part of fuelwade 112 o m n i  Pu-2401 plutonium to obtain three parts of 

5 8  lo 1972 wasonstandby 
185 HASC FYI985 W E .  u 144 
186 HASC FY 19&3 DOE p 243 
187 Ibid p 239 
188 Senate Report No 97-673 EWDA 1983 6 Dwmbsr 118Z p US .. 
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L-Reactor Restart 

other suggestions was producing plutonium with 5 per- 
cent Pu-240 for blending187 instead of 6 percent Con- 
gress has denied funding, stating that DOE "has 
proposed several new and expensive initiatives that 
appear to provide only marginal supply contribu- 
tions ''"a 

L-Reactor Restart 
The L-Reactor Restart was another early production 

initiative proposed by DOE It was to add afourth operat- 
ing reactor at Savannah River, thereby increasing pro- 
duction capacity by one third The L-Reactor was placed 
on standby status in February 1968, during a period of 
decreased demand for nuclear materials Although the 
initiative was proposed in late 1980 and funded soon 
after, the L-Reactor startup was delayed to meet state and 
federal environmental regulations This occurred despite 
a Presidential directive to restart the reactor "as soon as 
possible, but no later than October 1983 ""Y The reactor 
was restarted on 31 October 1985 and began producing 
supergrade plutonium for blending ls0 The total cost of 
upgrading the L-Reactor is estimated at $190 million 1" 

High Productivity Cores and U-236 Recovery 
At Savannah River, two further initiatives, both 

leading to increased reactor productivity, are High Pro- 
ductivity Cores and U-236 Recovery program The first 
involves reactor core design changes that would increase 
plutonium productivity A proposal, first advanced in 
1981, was to increase productivity by about 2 5  percent 
by replacing the Mark 16/31 cores used in Savannah 
River reactors with a uniform core of slightly enriched 
(1 1 percent U-235) Mark 15 fuel assemblies 192 The 
replacement was considered as early as 1972 193 A dem- 
onstration performed in the K-Reactor in August and 
September of 1983 verified design and operability 194 But 
the Mark 15 program has proved controversial Congress 
cut funding the past several years due to the cost of 
enrichment In FY 1985. Congress cut $90 5 million, all 
that had been earmarked for enrichment, out of the 
$113 5 million budget "5 DOE placed the enrichment 
costs at $300 million over the next two to three years lys 
Thus far, from FY 1983-85, $45 7 million has been 
authorized exclusive of enrichment In the face of contin- 
ual Congressional budget cuts DOE is assessing an alter- 
native, the Mark 22925 core This core consists of Mark 

19Z This would be hebraviest rmclorcore loading in SavannahRivnr histcity; DOE Safety 
Analysis of Saranimh RiverPruduclinn RwrmOnarat iol i~ Savannah River l.aboratury, 
DPST-100 I ~ e v  12181 p 4-12 ~ h e ~ a r k  i 5 ~ i n i f ( i r n i ~ ~ i c e d ~ ~ i ~ i i  ~ ~ i t l d b ~ t h ~ ~ ~ ~ t  
efficient core that call be accDrnnrodatet1 al SEP, DOT: FHS L Reactor Vol 1 [ 14 

198 Smith, Safety Anah'sia, p  V-25 
194 DUE FEIS L Reactor Vol 1 i u  Z 7 1.8 

Table 3 27 
Typical Isotopic Content of SRP 

Recycle Uranium 

Without PSP With PSP 
lsompe (percent) Ipercentl 

U-234  1 6  12 
U235 49 0 68 7 
U236 35 0 25 8 
U-238 - 14.4 4.3 

1000 1000 

25 highly enriched uranium drivers and Mark 22s natu- 
ral uranium targets It would provide about half the pro- 
ductivity increase of the Mark 15 at about 40 percent of 
the cost lg7 The high productivity cores will be tested in 
1986 

The goal of the U-236 Recovery program at Savannah 
River is to "purify" the recycled HEU that is fabricated 
there into driver fuel for the production reactors Since 
1983 Savannah River Laboratory (under contract with 
TRW, Inc ) has been developing the Plasma Separation 
Process (PSP) PSP would recover the isotopes U-236 
and, to a lesser extent, U-234 and U-238 All three build 
up during continued fuel recycle and irradiaton 198 The 
concentration of U-236 may be as high as 35 percent Left 
in, these non-fissile isotopes absorb neutrons and result 
in significant production loss during reactor operation 
Removed, reactor efficiency increases and the need for 
additional HEU decreases 

Typical isotopic concentrations in SRP recycle ura- 
nium, with and without purification, by PSP are shown 
in Table 3 27 The PSP facility planned by DOE will pro- 
cess approximately 4 2 MT of uranium metal feed into 
2 8 MT of product and 1 4 MT of tails 199 DOE estimates 
that by using PSP some 11 7 MT to 13 1 MT of U-235 can 
be recovered from the "half-billion dollar" stockpile of 
enriched uranium at the Savannah River Plant In N 
1984. DOE spent about $20 5 million on the PSP effort In 
FY 1985, $10 7 million will be used to procure PSP 

HAC FT 1984 K W D A P ~ ~ ~  6 p 8.51 HASC l-Y 1985 DOE p -145 
PSP WaÃ a TRW funded Ulur"um entirhcnt program priur lu FT 1977 w h n  RRIM 
vardcd TKIV a uunlrari for the periurniance nf exparimetital aud analytiial studin. 
toward dev~lnpmnnl d s u w . r e m . i f n r .  and cull-a-tm subsystems that w n l d  wuiluce 
m n l n s  ofenriched cranium tixtenaive facilities ww bull$ to auppurt DOE-spoii~omd 
work at TRW By the end of FY l9n3 Z O I ~  t[u\wnrnent i-xpcnditiii~s were abuut $89 
i i l l o n  TRW inveatcd m a  $111 3 millinn nf mrporal~ funds on PSP developsnt 
Aroughmid 1983 
L W Gray Closing the High-Enriched Uranium Fun1 Cycle at SUP, memurandurn to 
H D llarmon Savannah Kim Laboratory 'l'achuiail Division DPST 83.554 4 August 
1m r~vised: 16 ~iuiumry ?on4 
Accordins luDOEmsl-benefit aadyafls Bat-ftiunu 834 268gvalue of 0.233111 unmii ir  
x i c h c d  toarouud 90% IhC 'acicbile would haven din-1 value of W 0 t n  $45" mil- 
IKui bv F Y Z O O O  Murrtoraadumlrml S Allendcr Ktal to M R Buckner e(d Sava .  
nahRiverLabwtriory 3 J 1 m  1983 Ac~urdingio tnWnIIOE'limoay omelnoperotton the 
U-23G will result in-umiial on* ~awnigs nf $37 6 million per yeat equivalent ID about 1 
MT 01 wpercent enriched mi- DCI year 
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equipment from TRW, Inc ZIJI A single module PSP plant 
may start operation at Savannah River in FY 1987 and 
reach full production the following year The total cost of 
the PSP plant is an estimated $90 million [FY 1985) 

New Production Reactor 
Construction of the last U S  production reactor was 

finished in 1963 Since 1980 several government studies 
have looked at possible designs and locations for a new 
tritium and plutonium production reactor [NPR] 202 

Once authorized by Congress, the NPR would require 
about ten years to construct and would cost an estimated 
$3 billion to $6 billion, depending on the design 203 DOE 
plans were to submit recommendations to the President 
on a reactor concept and site m If approved, the reactor 
would be operational by the mid- to late-"190s 205 

DOE has given three reasons justifying an NPR: 

"to ensure the availability of tritium to meet long 
term national security requirements,"2Q6 because 
of an "increasing probability over time" that the 
Savannah River reactors "would become unavail- 
able9"2Q7to have an alternate site to Savannah 
River for the production of tritium and for pluto- 
nium once the N-Reactor is shut down, and 
to bolster deterrence, since "without a reactor in 
our planning, we are going to send a message to 
the world that we may not have a reliable stock- 
pile ? v n a  

Most of the reactor technologies conceived or devel- 
oped over the past forty years have, a< some time, been 
considered for the NPR Three types of reactors at three 
possible sites were being examined: a heavy water reac- 
tor [HWR] at Savannah River, a HWR or a high tempera- 
ture gas reactor [HTGR) at Idaho National Engineering 
Laboratory, and a HTGR or a pressurized-water reactor 
(PWR) at Hanford 209 

One NPK study known as the Glennon Report was 
issued in November 1982 by DOE'S New Production 

Reactor Concept and Site Selection Advisory Panel The 
Glennon Report ranked as its first choice for the NPR the 
zero electric power heavy water reactor [ZEPHWR] at 
Savannah River It placed Idaho last, afterHanford, in its 
choice of sites 210 Subsequently, a study on nuclear mate- 
rials needs written for the Office of Science and Technol- 
ogy Policy emphasized the desirability of an alternate 
site to Savannah River for tritium and plutonium produc- 
tion An earlier study onmaterials needs by UNCNuclear 
Industries had narrowed the production alternatives to 
five reactor concepts 2n 

Congress, following the lead of the House Armed 
Services Committee, has been reluctant to support a new 
production reactor In 1983 the Committee rejected the 
need for the NPR arguhg that up to four Savannah River 
reactors would be available in the early 1990s due to a 
slack in demand for plutonium pr0duction~~2 A year 
later the committee noted, "It would appear that a politi- 
cal assessment of state and local attitudes toward such a 
project should be made prior to selection of a site for 
other reasons "213 

Originally, studies for the NPR concentrated on large 
reactors, comparable in power to the largest commercial 
reactors in the United States By 1985 DOE had broad- 
ened its studies to consider smaller reactors of the same 
type In 1986, DOE decided to defer indefinitely the NPR, 
pending the completion in mid- 1987 of "life rvcle" stud- 
ios of the existing DOE production reactors 

Special Isotope Separation (SIS) 
Using lasers to separate isotopes was suggested in 

the United States in 1971 by the Los Alamos National 
Laboratory 214 Since then, the development of laser iso- 
tope separation (US) technology has expanded to 
include major government sponsored L1S efforts for ura- 
nium enrichment and plutonium purification 

Research to develop a technology for enriching plu- 
tonium in the "desirable" isotope plutonium-239 was 
launched in secret by the AEC in 1975 at LLNL and 
LANL "5 During the initial years, the program operated 

201 I IAC FT 19B5EWDA VaH 4 u 440 Inslallali~.a i s  lo be ill Building 305MalSdvannah 
Ri"" 

202 The rai;(immsndation fur a new ii~odu'tic.n reactor M- reantors was contained in ,ha 
Starbird Repon in inid 1900 u I6 'Tho (;oncepi was llrrt known as the Kt'R or redace 
i t  production reactor 

203 MAC FY 19B5 EWDA Peri B p BSB. hinhci estimates d $4 to $8 billion l i e  made in  
House Rnpoit 96-124 Part 1 13 May 1983 p 10; and $12 lo S16 billion will, require- 
menu for earthquake hiiincane and turnado standard--;: Ibid 

0 HASC FY 1885 DOE DP 150 Sl;SASC FY IflM DUE u U2 
206 l lAC fT1965BWUA P i l l 4  P 438 tqwrly l W  AfTaroelcbitwas1992;HAKC FY 

1983 DOE p 235: Inside NW. 2 November 1981 p 4 

206 HAC FY 1985 EWDA Part 1 p 433 

without cmtlv retiouali<ns the M Rwnloria iixpmted to rench tho end ol its useful lile iu 
the mid-1990s; HAG FY 1985EWDA Part 6 p 658 

213 HouseRfpnrt98-724 26Apri l1984 p 28 
4 HASC FY 19SD DOE p 159 
215 HASC FY 1982 DOE up 162 174 

Nuclear Weapons Databook, Volume II 95 



3 
Special Isotope Separation 

at a low level of effort 216  In FY 1980, the plutonium SIS 
program was formally initiated 217 In addition to the two 
plutonium US processes, it included, at a much lower 
level of support, the (nun-laser) PSP developed by TRW 
and LANL 21This PSP is currently being utilized in the 
U-236 recovery program These same processes were 
under development for enriching uranium in U-235 2 ' ~  

The purpose and scope of the plutonium SIS pro- 
gram were first publicly revealed in 1981 221 

At least a half a dozen weapons-related applications 
of US processes for plutonium have been considered 
One application is enriching reactor-grade plutonium 
recovered from commercial power reactor spent fuel222 
or fuul-grade plutonium from the N-Reactor for weapons 
use 'i-2-3 Plutonium from civil reactors is not directly use- 
ful to the nuclear weapons program because of the high 
Pu-240 and Pu-241 content Another is separating out the 
Pu-240 and Pu-241 from the existing inventory of 
weapon-grade plutonium This would reduce radiation 
exposure to plant and military personnel 224 A third 
application would provide a source of non-fissile iso- 
lopes Pu-240 and Pu-242 for research Plans exist to build 
an S1S production plant 225 

In 1982 Congress banned the use of plutonium from 
commercial spent fuel in weapons 220 This legal prohibi- 
tion eliminated one of the principal justifications for the 
SIS program and the construction of a plutonium U S  
plant Nevertheless, the SIS program continues to receive 
a high level of funding from Congress at the behest of the 
authorizing and appropriating committees and despite 
uncertain support from the Administration DOE contin- 
ues to emphasize the need for this technology to enrich 
up to 11 MT of fuel-grade plutonium.227 as well as an 
eventual "clean-up" of the existing weapon-grade stock- 
pile 228 

The potential SIS feed includes the plutonium cur- 
rently being used in continuing civil R&D activities for 
the breeder program The 6 3 MT of fuel-grade plutonium 
in the tuel of the two breeder program facilities, the Fast 
Flux Test Facilitv IFFTFI and the Zero Power Plutonium 
~ e a c t o r  (ZPPR), will become available for other uses in 
the early 1990s 229 The FFTF and ZPPR facilities are now 
the depository of most of the fuel-grade plutonium from 
civil reactors received by the United States in barter from 
the United Kingdom between 1964 and 1969 under the 
Mutual Defense Agreement of 1958 Should the United 

a i d  (hid p I62 
317 HASC EHi.39 March lune 1980 p 581) 
a l n  PSP for pliitoninm expariaiicaii technical problems am1 wai. ivilhdmtni by TRW tram 

l h ~  SIS p p m  a.sd FY lM3; HAG FY 1W15 EWDA Part fi, p 850 PSPtechnoloey is 
hinu developed toiecwiir urtlllui? 236 freift [lie wuycled 1IEU fuel us the Savannah 
W x w  pmductimmmkm 

219 HAC, FY I980ElVDA Part 6 p 715 
22" Spn Cliapter Fli'c IJr.mium Enrichment fnr a description ol the AVLLS MLlS wid PSP 

moEssss fur "ra"%"m 

States continue its policy of not using the bartered pluto- 
nium for weapons, the SIS plant would have as its pri- 
mary mission the clean-up of only about 7 MT of fuel- 
grade plutonium 

FY 1981 through FY 1985 funding for the SIS pro- 
gram totaled $295 million Congress has shown more 
enthusiasm for the program than the Reagan Administra- 
tion The pattern has been for the Office of Management 
and Budget (0MB) to cut back on the SIS funding sought 
by DOE, and for Congress to restore it partially For exam- 
ole. the FY 1985 DOE reouest for the SIS nroaram was . .. 
SlOU million fur opuiating expenses and capital equip- 
ment: OM13 cut SIS funding tu .'CIS million and Congress 
restored it to $69 million 

Most funding for SIS over the years has gone to sup- 
port the LLNL AVLIS process, which has always been 
recognized as being in the lead for plutonium LIS devel- 
opment In 1982, the Livermore group conducted a suc- 
cessful laser isotope separation experiment, and in 
December of that year theDOE-sponsored Peer Review of 
the SIS program (Kintner Report) concluded that the 
AVLIS process appeared to be significantly far more 
advanced than the MLIS process for plutonium enrich- 
ment Earlier in the year, at the end of April 1982, AVLIS 
won out against MLIS in the competition for uranium 
enrichment in the A1S program 

In August 1983, the Secretary of Energy announced 
his selection of DOE'S Hanford Reservation in Richland, 
Washington, as the site of an SIS production plant using 
the AVLIS process for plutonium enrichment The plans 
call for a facility costing some $600 million to be in full 
production at Hanford by 1992, preceded by an AVLIS 
prototype operating in 1987 to 1988 at LLNL 231 From 
published information, the design capacity of the plant is 
estimated at some 3 MT or more of plutonium output 
annually 'u2 To recover fuel-grade plutonium to be used 
as SIS feed, DOE is also planning a Process Facility Modi- 
fication at the HanfnrdPUREXplant that will enable pro- 
cessing of irradiated FFTF fuel (16 percent Pu-240) 

Several issues continue to loom over the SIS issue: 
the need in the weapons program for an S1S plant, the 
technical risk involved in an accelerated SIS program. 
the relative costs of SIS and alternatives for acquiring 
additional quantities of weapon-grade plutonium, and 
the merits of the Los Alamos molecular laser (MLIS) pro- 
cess for ptutonium enrichment 

lmary 1983 
227 11AC FY 1984 EWVA Part* Po 361-65 
228 HIIILSB Scimia and Tschnftloey SubcommitteemEnei~Research and Prdiicliun IN" 

21) Vol VI. M-1l May 1982. p W 
221 I.Wltr h m  Donald Paul Hndel Stcn'tary of Energy to Richaid L Oltinwr 5 Mar& 
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The Administiation's FY 1985 DOE budget justifica- 
tion referred to an "uncertainty as to whether a produc- 
tion facility is required " OMB, in the document, 
attacked any implication that SIS would provide cheap 
plutonium for weapons: 

The SIS orocess has the hildiest cost fin total dollars 
and in dollars per gram ofadditional plutonium) of 
the various methods of increasing productivity The 
SIS orocw also requires the most lead timeand is the 
most technologically uncertain 233 

The administration's SIS schedule, proposed in 
early 1984, called for continued research and develop- 
ment on the plutonium AVLIS process at Livermore-on 
both separator hardware and laser technology This 
would lead to an AVLIS process demonstration at 
Livermore in FY 1987234 and would leave open the 
option to begin construction of an SIS plant at Hanford 
for operation in the early 1990s 235 Design of systems to 
support a possible SIS plant continues at Hanford 236 

In early 1984, the WhiteHonse Office of Science and 
Technology Policy (OSTP), supporting a delay in uom- 
mitment to an SIS production plant, requested yet 
another SIS technology review and process selection 
The OSTP study reconsidered both AVLIS and MLIS 
technologies for the plutonium enrichment plant 237 As a 
result of the OSTP study, completed in late 1984, plans 
for development of the AVLIS prototype were not altered, 
but a decision on the final choice between AVLIS and 
MLIS was delayed until completion of yet another 
review With the AVLIS process, LLNL demonstrated the 
removal of a single "unwanted" plutonium isotope on a 
laboratory scale sometime in FY 1984 23" By early 1985 
they tested a module of full-scale plant size equipment 
Also in 1985, Los Alamos, using the MLIS technology, 
demonstrated the highest separation factor of any pro- 
cess and was nearing completion of an enrichment facil- 
ity (SIS-111) intended to meet the Laboratory's neÃ§d for 
special isotopes of plutonium [Pu-240 and Pu-242) for 
research purposes 

PUREX Process Facility Modification 
The Process Facility Modification (PFM) is impor- 

taut for DOE'S plans to operate an SIS plant at Hanford in 
the early 1990s The program will modify the PUREX 
plant to handle high burnup oxide fuels in stainless steel 
or zircalloy cladding The necessary modifications will 
allow the PUREX facility to receive and store the high 
burnup fuel, chop the stainless steel cladding into short 
lengths, and dissolve the contained oxide fuel material 

238 FY 19% EWUA Part fi, p 714 In the AVUS SIS separator the unwanted philu~iur 
isoiopes arc iwr-p, oat of a beam uf plutonium metal vapor lea,% plulonnmi vapor 
enriched in Pu 23&;Ibid p 676 

[these two operations are known as shear/leach), and 
dilute the dissolved material for further chemical pro- 
cessing 240 

The immediate objective of PFM is to recover fuel- 
grade plutonium from irradiated FFTF fuel and other 
DOE-owned research fuels PFM will also give PUREX 
the capability to process other high burnup fuels DOE 
claims it has no plans to process commercial light water 
reactor fuel in the PFM project w However, in connec- 
tion with the design for handling FFTF fuel, "there may 
be a limited capacity to handle commercial fuel, but it 
would require major capital additions to handle any 
substantial quantity ''242 The design capacity calls for a 
maximum of 10 MT of FFTF fuel per year containing 
about 2 MT of plutonium (15 percent Pu-240) 243 The 
expanded plant would possibly have a capacity of up to 5 
MT per day of commercial type fuel 

Funding for the PFM program began in FY 1983 
Construction of facility modifications is estimated at 
$155 million, and is expected to begin in FY 1986 and 
end in FY 1990 'm 
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Chapter Four: 

~uc lear  Warhead Acquisition Policy 
Government officials formulate plans and make pol- 

icies resultine in the acuuisition and vruduction of 
nuclear warheads This chapter describes their roles, 
responsibilities, and relationships It identifies the key 
denartments. offices, directorates. divisions. branches. 
and committees that constitute the nuclear warhead 
decisionmaking structure and organization of the U S  
government Also discussed are the major documents 
that determine requirements for nuclear weapons and 
assist in planning and budgeting 

Two caveats are in order regarding the scope and 
purpose of this chapter It focuses first on acquisition 
policy Employment policy (how weapons would be 
used) and deployment policy (where weapons are based) 
have their own extensive planning and decisionmaking 
processes and organizations Aspects ofemployment and 
deolovment will be mentioned here onlv as thev influ- . , 
ence acquisition policy 1 Secnnd, this rhipter foc~.ws on 
warhead a~qusitiun policy. nut cm delivery veiticlos Tlie 
two are nonetheless intimately connected; new war- 
heads are normally designed and produced to fit new 
delivery systems 

Predecessor Organizations 
Manhattan Engineer District 

The U S Army's Manhattan Engineer District (MED) 
or "Manhattan Project" developed the first nuclear 
bombs Prior to MED's formation in September 1942, 
research and development was directed first by the 
National Defense Research Council (NDRC), established 
27 June 1940, followed by the Office of Scientific 
Research and Development [OSRD), established on 28 
June 1941 The MED was a highly centralized organiza- 
tion that met its goals with unlimited resources during 
total wartime mobilization From August 1942 to the end 
of 1946, MED expenditures totaled $2 2 billion (see Table 
11) 

Even before the war ended officials began preparing 
for the postwar control of atomic energy In his 
announcement of the bombing of Hiroshima on 6 August 
1945 President Truman recommended that Congress 

"consider promptly the establishment of an appropriate 
commission to control the production and use of atomic 
power " Draft legislation was circulating in the War and 
State Departments and within hours of Congress* con- 
vening in September, legislation was introduced The 
first effort was an attempt to keep the military in control 
With help and pressure from the War Department a hill 
was introduced by Representative Andrew Jackson May 
[D-Kentucky], Chairman of the House Committee onMil- 
itary Affairs, and Senator Edwin C Johnson (D-Colo- 
rado) The May-Johnson Bill gave a prominant role to the 
military, sweeping but vague powers to a commission, 
and a few oversight controls to congress Throuehout the 
fall of 1945 the bill and issue becameenmeshed in ~ol i t i -  
cal controversy Scientists raised questions about 
research and security restrictions Concerns were raised 
regarding military domination of atomic energy After 
initial support, President Truman withdrew his endorse- 
ment of the bill and repudiated many of its key provi- 
sions The bill passed the House but died in Senate 
Committee 

In its place Senator Brien McMahnn intnduced hill 
S 171 7 011 20 Deceiulier 1945 hi slinhllv different furui I t  
would become the Atomic ~ n e r ~ y  A& of 1946,z also 
known as the McMahon Act McMahon, a freshman sen- 
ator from Connecticut, was appointed the first chairman 
of the Senate Special Committee on Atomic Energy estab- 
lished in October Through the following seven-and-one- 
half months parts of the McMahon Bill were redrafted 
and revised but left largely intact The bill passed the 
Senate iinanimouslv, by voice vote, on 1 ~ u n e  1946 The 
Huuse aduuled it .  265 to 79 on 20 lulv Durine the fnllow- 
ing week the twochambers worked out theirdifferences, 
and on 1 August 1946 the President signed into law the 
Atomic Energy Act of 1946 3 

During this postwar period the MED remained under 
the direction of General Leslie R Groves Groves faced 
severe funding and personnel reductions His goal was to 
maintain a research and production infrastructure until 
such time as the question of control could be resolved 
Several facilities at Oak Ridge and Hanford were put in 
standby or discontinued Scientists and technicians left 
LOS Alamos to return to their former jobs. contractor com- 
panies were anxious to turn to other pursuits, and fund- 
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ing dropped dramatically Expenditures fell from a 
monthly average of $78 million in 1944 and $50 million 
in 1945 to $23 million in 1946 On 31 December 1946 the 
functions of the MED, along with its facilities and the 
existing stockpile of around ten complete warheads, 
were transferred to the new Atomic Energy Commission 

The Atomic Energy Act of 1946 
and the Atomic Energy Commission 

The Atomic Energy Act of 1946 established the 
Atomic Energy Commission (AEC) and gave it control 
over all aspects of atomic energy The act provided an 
executive structure to oversee nuclear warhead research, 
development, testing, and production 

The act provided for a five-person, full-time pre- 
sidentially appointed civilian commission 4 It set up a 
nine-member General Advisory Committee to counsel 
the Commission on technical and scientific matters 5 It 
also established four AEC operating divisions, one of 
which (Military Application) was to direct all weapons 
work using the decentralized field offices bequeathed to 
it by the MED A Military Liaison Committee {MLC), 
composed of three senior officers from the Army and 
three from the Navy (later two each from the Army, Navy 
and Air Force) was created to channel military demands 
and requirements This basic structure remains largely 
intact today 

The Act prohibited (with few exceptions) the private 
ownership of fissionable material and the enrichment 
capability It forbade patenting inventions that related to 
atomic energy or nuclear explosions The Act also cre- 
ated a new category of information designated 
"Restricted Data "The 1946 Act defined this new term as 
covering three broad categories of atomic energy infor- 
mation These were "all data concerning" (1) "design, 
manufacture, or utilization of atomic weapons;" (2) "the 
production of special nuclear material;" and (31 "the use 
of special nuclear material in the production of energy " 
The Act prescribed a system for controlling access to 
such information and for declassifying and disseminat- 
ing information no longer deemed sensitive 

Joint Committee on Atomic Energy 
To reinforce civilian control, the McMahon Act also 

established a permament Joint Congressional Committee 
on Atomic Energy [JCAE) to oversee all atomic energy 
programs Unlike the wartime situation where the Man- 
hattan Project had no Congressional scrutiny, the AEC 
was required to keep the JCAE "fully and currently 
informed with respect to the Commission's activities " 

The legislation provided for nine members each from the 
Senate and the House Not more than five from either 
chamber could belong to the same political party 6 

The JCAE became a power in its own right 1t ener- 
getically encouraged a larger weapons program and the 
emerging commercial nuclear power industry As one 
commentator has said, 

Historians of the future who investieate the etioloev -. 
01 the r i x  uf the Unik-i; St.ili.!s iit,ji:iii. slui kpi l~ !  will  
no doubt find their richest material in the lilcs 01 the 
Joint Committee on Atomic Energy It was this Com- 
mittec of 18 men-not the AKC itself or even the 
Department of DefenseÃ‘tha took the lead in 
expanding the program of weapons-building 7 

The Atomic Energy Act of 1954 
On 30 August 1954 Congress passed a new Atomic 

Energy Act The main purpose of the Act was to promote 
the peaceful uses of atomic energy through private enter- 
prise and to implement President Eisenhower's Atoms 
for Peace program The Act allowed the AEC to license 
private companies to use special nuclear material; to 
huild and operate cnmmerical nuclear power facilities; 
and to regulate companies to prevent "undue risk to the 
health and safety of the public " 

The Act also created a new classification category for 
certain kinds of ioformation, known as "Formerly 
Restricted Data" [FRD) FRD ioformation deals with the 
"military utilization of atomic weapons " Removing this 
information from the category of "Resticted Data" 
allowed for greater dissemination within the Department 
of Defense and eventually with certain allies The new 
Act did not change the essential functions of the AEC 
with regard to nuclear weapons, to any significant 
degree 

ERDAIDOE 
Throughout the 1960s and early 1970s controversy 

arose over the AEC As civilian nuclear energy grew the 
AEC came under increasing criticism for its dual role in 
both promoting and regulating commercial nuclear 
energy development A second concern arose over U S 
energy self-sufficiency, reinforced by the emergence of 
the OPEC cartel These concerns led to the Energy Reor- 
ganization Act of 1974, which was signed into law on 11 
October 1974 and took effect 19 January 1975 6 The Act 
abolished the Atomic Energy Commission and tranferred 
its regulatory functions to the newly created Nuclear 
Regulatory Commission The weapons activities and 

end Uiinc-in The \W World pp 18 46 
6 F o r u d y d i h s  GoiamIllw ~eeHytuld P Gtwuland AIanRosnnthl  Governmentof lhc 

o i l ;  '!'hc Intcmtion nf Powon (New York: Alhrrton Press 19&3] 
7 RalphE Lapp Kill and Overkill (New Ymk: Bdalc Books 19621 pp 24~25 
8 Publit Law 93-438 42 IJSC 5807 <t aeq Pnr a lif#ixlative history see 1974 U S  Code 

Coos and Adm News p 5470 
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R&D functions of the AEC were transferred to the newly 
created Energy Research and Development Administra- 
tion(ERDA1 During its thirty-two months of existence 
ERDA expanded research into alternate energy technolo- 
gies 

In the mid-1970s the U S government responded to 
the continuing worldwide changes in energy production, 
consumption, and supply by creating the Department of 
Energy The Department of Energy Organization Act was 
signed by President Carter on 4 August 1977 9 The 
nuclear weapons functions formerly assigned to ERDA 
were transferred to DOE, where they remain today 

Nuclear Weapon 
Decisionmaking Documents 

Decisions to develop and acquire nuclear weapons 
are a part of a complex military planning process This 
process translates broad national goals into military 
objectives, with strategies and forces to attain them A 
formal annual process coordinates the President's 
national security guidance with the views of the Secre- 
tary of Defense, the military's own view as represented 
by the Joint Chiefs of Staff (JCS] and the military services, 
and the Department of Energy 

The Joint Strategic Planning System [JSPS] is a series 
of six documents that create short-range, mid-range, and 
long-range planning objectives They guide overall mili- 
tary planning including nuclear weapons acquisition 111 

Through the JSPS, broad military objectives and more 
specific desires are reconciled with financial and mate- 
rial resources available and the technological ability of 
the DOD and DOE to produce nuclear warheads and 
weapon systems The DOE, whose primary responsihil- 
ity is the production of nuclear warheads, becomes 
directly involved in the planning process only at the late 
stages 

The time line (Figure 4 1) shows the two documents 
from the JSPS that bear directly on nuclear weapons 
acquisition, and four other documents generated in the 
planning process This chapter section discusses these 
planning documents, two key Presidential authorizing 
documents, and the Nuclear Weapons Development 
Guidance that coordinates DOD and DOE resources 

Joint Strategic Planning Document 
The JSPD is an annual study prepared by the Joint 

Staff of the JCS for approval sixty days prior to publica- 

- 
ProgramOb~eewe Memorandum [POMI FY 1984-89 

22 January 1952 - 12 May 1982 - 
Joim PmgramAseessment h r a n o u m  [JFBiM] N~iclear Anna); 

15Mt:w1982-11 Jun~T9B2 = 
Joint SLrategc Assessment hfem0r~ndLin-i [SAM] 

15May 1982-01Augi^tl982 - 
Figure4 1 Time Line-Planning Documents 

tioii of the first draft Defense Guidance (see below] of the 
Secretary of Defense (normally in September) According 
to the JCS, "The JSPD provides the advice of the Joint 
Chiefs of Staff to the President, the National Security 
Council, and the Secretary of Defense on the military 
strategy and force structure required to support the 
attainment of the national security objectives of the 
United States" over a five-year period 11 It provides a 
military appraisal of the threat to U S interest worldwide 
and recommends military strategy necessary to attain 
military objectives "in the mid-range period "'2 

The JSPD includes a "summary of the JCS planning 
force levels that are required to execute the approved 
national military strategy with a reasonable assurance of 
success," including force requirements for strategic and 
nonstrategic forces l3 It. is intended to influence prepara- 

XU* ance tion of the Defense C 'd 
Annex B (Nuclear) of the JSPD: 

Provides advice and supporting rationale on the 
levels of strategic and nonstrategic nuclear war- 
heads necessary to support the planning force 
levels; 
Evaluate[sJ the total impact of these levels on the 
stockpile of special nuclear materials [SNM) and 
the capabilities to produce the additional SNM 
and warheads required; 
Comparejsl these levels with currently projected 
levels identifying shortfalls where they exist; 
and 
Providels] advice on modernization of the 
nuclear warhead stockpile l4 
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4 
Decisionmaking Doc~ments 

Defense Guidance and 
Consolidated Guidance 

The Defense Guidance (DG), is prepared annually by 
the Under Secretary of Defense for Policy for the Secre- 
tary of Defense It "translates broad national goals and 
objectives into statements of policy and strategy that are 
sufficiently specific for injtiating and developing the 
Consolidated Guidance [CG] to which it is a funadmental 
contributor ''I5 Focusing on the near- and mid-term, the 
DG and CG become the Secretary's authoritative state- 
ments to themilitary They cover "pnlicy; militarystrate- 
gic concepts and obiectives; planning and programming 
guidance; force levels; and manpower, support, and fis- 
cal guidance ''16 Within each of these parts specific sec- 
tions address strategic and nonstrategic nuclmr forces 
and DOD support to DOE Recognizing that force struc- 
ture "can only be changed marginally" lo meet immed- 
ate peacetime and crisis goals, the DG and W, attempt tn 
"assure that planners and programmers avoid altering 
specified goals by implicitly adjusting the ends to suit 
the means "17 These two documents highlight specific 
issues of current political and international importance 
They guide the military tn short-term weapon and 
resource decisions and contingency planning 

Program Objective Memorandum 
Each military s e ~ c e  develops its own annual Pro- 

gram Ohjeci Memorandum [POM) Military force 
requirements and goals of the JSPU, together with the CG 
eo into each POM The three POMs. issued in Mav. for- .. . 
mally present Army, Navy [including Marine Corns), and 
Air Force proposa<g for ri$ource allocation& as p a t  of the 
Five Yea? Defense Pro~rani IFYDPI and the budget S.JIJ- 
mitted to Congress by ~ O D  -A seriks of Issue p a b r s  are 
prepared on a variety of programs, including strategic 
nuclear forces, theater nuclear forces, nuclear employ- 
ment, deployment, acquisition, and the nuclear stock- 
pike The Secretary of Defense then makes budget 
decisions relating to the POMs and issues these decisions 
as Program Decision Memoranda (PDMs) 

If a military service determines that a PDM decision 
warrants the personal attention of the Chief of Staff oc 
Secretary, it issues a "reclama,"1~ which results in  a 
"major issues meeting '' The Secretary of Defense then 
issues an Amended PDM that resolves the issue The 
final PUMs are then issued and form the basis of the 
budget 

Joint Program Assessment Memorandum 
About thirty days after the military services publish 

their POMs, the 1CS issues the Ioint Program Assessment 
Memorandum  P PAM) This a n h a 1  Ji:~>ocument makes 
foxe recommenclations to the Semetm of Defense Nor- < 

mallv published i n  mid-June, it provides "the views of 
the Joint Chiefs of Staff, tak'lng into consideration the 
views of commanders of unified and specified com- 
mands, on the adequacv and capabilities of the total 
forces contained in the POM to exe-cute the national mili- 
tarv strateev and the risks inherent in those force ca~abi l -  
itiis "*9 The JPAM contains recommendations 0.u the 
size, composition, and distribution of the nuclear weap- 
ons stockpile in its Nuclear Annex 

Nuclear Weapons Stockpile Memorandum 
The N I I C I P ~ ~  Annex nf the 1P.Akl estahli.shes n~ililarv 

requirements for nuclear weapons It thus forms the basis 
of ihe annual Nuclear WeaPoAs S to<:kp~l~  Mcmordndu~n 
INLVStvl' The Stocknile \lemorandum is r.onrdinated 
betwee; the DOD a n i  DOE They work through the Mili- 
tary Liaison Commjttee [see below) of the Secretaries of 
Defense and Enerev The NWSM is forwarded to t h ~  
Nathnnl S e r ~ ~ r i t y  G81ncil staff fnrapprovnl hy the Presi- 
dent 20 The NiI1Sh4 contains four major parts that heconie 
1I1e basis for n ~ a i ~ i t a i ~ i i ~ ~ ~  tile s i ~ e  and c u ~ ~ ~ u u s i t i o ~ ~  of the - 
nuclear stockpile: 

Stockpile authorization for the current year and 
following five years The NWSM authorizes pro- 
curement of hardware and production of precise 
numbers and types of weapons specified Nuciear 
warhead production, retirement schedules, and 
stockpile adjustments, by warhead type. are spec- 
ified - Authorization to plan and commit to long-lead 
procurements for specific numbers and types of 
warheads, for delivery in the seventh through 
eleventh years These plans include gross pmjec- 
tions of stockpile size, and contingency require- 
ments for rapid production increases 
Planned weaDon stockpile proiected through the 

A - .  - 
sixteenth yea; 
Analysis of the special nuclear material (SNM) 
reauirements in terms of plutonium, utanium, 
and tritium demand by yiar, anticipated SNM 
supply by year, and reserve requirements z1 
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