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Appendix C

Tritium Inventory

In this appendix sevaral estimates using different

assumptions are made of the total tritium inventory in
weapons and available for weapons The first, which is
referred to as the “steady-stale estimale,” assumes That
there was no change in the fritivm invenfory during the
late 19705 In other 'I-'I."l'.'ll“d.-E the ummmr prn.;:lur_‘ﬂ] -ECIHEI|-

att
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he Savannah River Plant The second inventory esti-

mate made assumes that the routine atmospheric releases
of tritinm from the Iritium recovery operations at SEFP are
proportional to the amount of tritium processed [i & , pro-
duced]

The combined atmospheric releases of tritium from
the F and H separations areas at Savannah River through
the vear 1983 are presented in column 2 of Table C 1 and
Figure C1 These are routineg releases, mainly rom {ri-
tium processing in the 200-H arca An examination of
tl'.IE:E'I: it mdn:atl:s tliul lhl: tritivem I.'ﬂtl:h.l-ﬂ-l:lﬁ :Eur:mg I5"E|-5

any I:EEI:IIIEI.&E[ Ln‘llu.m pmductu:m runs during th"IF
yoars Also, the tritium rilesses per megawatl-day of pro-
duction during these periods are comparable, suggesting
that the tritium release fraction from the separations area
has remained relatively constant over the lifetime of the
facility—at least through 1981

the

are

In an aftempt To place upper and lower hounds on
tritium inventory estimate two additional estimates
alao made using tritium release data from SRP

Steady-State Estimate

The tritium production rate from FY 1877-FY 1980

_ isestimated to have averaged 2 2 + 0 7 kg per yvear ' DOE
slatements® indicate that this was designed to offset
losses due to radioactive decay Thus a determination of

the

It is assumed that in the years 1960-63 a sinyle reac-
tor was dedicated to tritium production and thers was no
incidental production of tritium in control rods, as
pecurred later on Using the average thermal outpuat for
SRP reactors [see Table 3 2), the tritium production in
thlq |:m:r'11:h|:| was 7 42 * 2 53 kg annually TI:IFUHE:-PHHJTI.I;],I'

steady slate tritium inventory in that period is found

by setting the production rate equal to the rate of radioac-
tive decay 3 Setting the productionrate P = 22 + 07 kg
PeT year 3 vields a steady state tritium inventory [ = 40 =

11y

duction in control rods=, &l a rate af 0 00048 ghdwd of ther-
mal output Based on these assumptions, the anoual
tritium production is estimated in Column 3 of Table C 1
The total tritium production (uncorrected for radioactive
decay) through 1984 is about 179 kg Tritium has a half-
life of 1233 years; consequently, 55 percent of the

TF

The-tritimm production-—rate—in FY- 1981 i=esti
mated to have been 2 6 kg and in FY 1982-84 averaged

kg

10 & kg per vear {sem Savannah River Production, Chapter
Three) Thus, allowing for radioactive decay, the tritium

inw

entory al the end of FY 1984 baged on the steady state

assumplion is estimated 1o be 63 = 20 kg

— Eslimates Based on Atmospheric

exisfing inventory is lost each year Through radioactive
decay As shown in the table, this quantity would have
decayved by the end of 1984 to 79 £ 25 kg

As seen from Table C 1 this method predicts that all
reactors were dedicated 1o tritium production in 1958—

that is, an estimated 25 7 kg of tritium was produced in
1 . L) " L

leases of Tritium
The SRP production reactors have been producing

tritium in quantity since 1956 A second estimate of tri-
tium production al SRP is made by analyzing the tritium

losses from the lithium trrget j:rml"ens.mn "E.'.‘.llih [th:

larguls |:r1.r lu.:etmg l]ll.. Jrfﬂdmlﬁd targets to high tampam

tures to drive out the tritium gas

d
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based on a thermal energy production of 21 million
Mwd 4

Bounding Estimates
In an attempt 1o bound the estimates of tritium pro-
duction a l-m-.r l,‘.'.3|||.'ﬂﬂ.tﬂ is made |J"i" nﬂﬁummg 1l’|nut lherr:

iz assumed that the Pm:lu::l!]un rahu pET n:-uL:lnr has
romained ol o congtant of 0002 pMwd through 1981,
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Tabhle C 1
Tritium Release and
Estimated Tritium Production at SRP
Estimates of Triciem Preduction and Inventory
Rowtine Raleass Canstant Rolaass
o Atmesphers — Fractien Low L High
fram F and H Annual Annaal Rnnual

Calandar Snparations Areas Predwction Inventory Froguction Imwentery Praduction inventory
Yoar 1107 cariesl _ kgl _ gl _ eyl — Mg . . _ Mgl |
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with one half of the tritium produced in control rods, and
the other half produced in blankets and dischargeable
tarpets inside driver assemblies 5 The total production
under this assumplion would be 139 = 46 kg through
1964 Decaved to the end of 1084, this would be about 72

4 This cormpanss seconas wriliin prsdoeed in FY 1088 8 privassen in cileslar 1058
laimure irfliem predostion = 8071 giderd whew OF g Po Ssrureadani| e bwede
arl 172 g T = 1| g P (egaivilant| Thos aoiiimes eo prodisctioo in coatee] fsli
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% 24 kg This surely underestimates the actual produc-
tion since dedicated tritium production runs very likely
were made in the 19508 to meel thermonuclear program
needs Also, il is known that there have beon other tri-
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Appendix C

tium campaigns prior 0 1980 One is reported to have
ocourred in 1972 and another probably ocourred in 1963-
&4, when routine atmospheric releases peaked

A high estimate of tritium production is found by
first estimating, the number of reactors dedicated 1o tri-
tium production from the gquantity of tritium released
annually, and then calculating tritivm production from
the combined annoual thermal output of the Savannah
River reactors (from Table 3 2)

Here, it has been assumed that no reactors ware dedi-
cated to tritium production during the periods of low tri-
fium release [1955, 1965-71, and 1973-81); one resclor
was dedicated to fritium production during 1959-64,
1972, and 1982-84; iwo reactors in 1956; thres in 1957,
and five in 1958 Inall years 0 001 g of tritivm is assumesd
to heve been produced per megawatt-day in control rods
Also, in later vears, 1968-84, an additional 0 00 g of tri-

tium g assumed to have been produced in blankets and
dischargeable targets in those reactors dedicated 1o plu-
tomium production As seen by the last two columns in
Table C 1, these azsumptions give a total production
through 1984 of 208 = 70 kg, and 90 £ 30 kg decaved 1o
the end of 1984

Summary

Based upon the calculations in this appendix and
assuming oo significant quantities of tritivm produced
since 1956 were burned, released, or sold, the best esti-
male of the tritium inventory al the end of FY 1984 lies in
the range of 70 to 80 kg, with an uncertainty of + 25 kg
Taking into account the loss of 3 5 percent of the inven-
tory each year this inventory is the result of the cumula-
tive production between FY 1955-84 of some 175 kg of
tritium, with an uncertainty = 60 kg
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Appendix O

Appendix D
Inventory

of Highly Enriched Uranium

Allocated for Warheads

The highly enriched wranium in the suclear weap-
ons slockpile, including vranium currently available for
new weapons, was produced in the gaseous diffusion
plants prior 10 mid-1964 ' “Weapon grade” wranium
metal, commonly referred to as oralloy,? contains about
93 5 percent U-235 Based on materials balance consides-
alions, the quantity of 1J-235 available for weapons is
limitod by AEC purchases of uranium concentrate (11,0,
bl wean 1843 and the end of FY 1964 |see Table D 1, col-
umn 9, and Figure 3 4] and by the separative work pro-
duction of the enrichment complex during this period
[Table I3 1, column 2 and Figure 3 5]

Mozt of the uwrapium enriched pricr to FY 1965 was
for warheads If all the separative work performed by the
enrichment complex prior to FY 1965 had gone into the
production of oralloy, about 751 MT would have been
produced [see Table D 1, column 6] From this amouwnt it
i necessary to subtract the equivalent oralloy production
that did not end up in the warheads and the inveniory
allocated for warheads The dominant corrections are
vranium in process and in working inventory at the
enrichment planis af the end of FY 1984, uraniuom used
gs fuel through 1964 in U S production reactors, naval
propulsion reactors, and central station electric power
reactors, and wranium used in weapons lests  Smaller
amounts of uranium were used through FY 1964 in U 5
research and test reactors and were exported for civilian
reactors and under military agreements with the United
Kingdom and France

A check on uranium fead requirements as derived
from the repored separative work production s pro-
vided by the anoual and cumulative uranivm concen-
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Cxmvarsien Facility assd i cagresst LIF, b O, @1 Uve Ok Bldge ¥ 12 planl pacsienl s
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B Sher o iy bocsrreen Jigh |y serached LIPS in melal In cpusndity Soe mid-e g
sl i Thic Desle weond wewd lar 1Y 235 o= bighly n'rrlr‘|nr| wranium meial during
the bfenlmras Pesdest Tha norms den v bromn Ok mides Al
3 [ 19090 e AL gl sl o madnialviag sutfeband siocs foepd sewerors dur 10 mastha: Ler
Bowen A4 Hlsary nf tha Air Forde Ademse Ensrgy Progsm 1043 1953 Yal IV, p 79
Bowen coom v wmscrandam from the ML i the A Sy pplasenial Begor an Fimskoe
able Warmrials Moo Plaai pes vk 5 isly. 39 Septambes 1900 05 062178 Thas
oo bl e gl Lt wcarns el DD vl 7 0 s [l e s Lin sbe B Jomd reseres 01 e
wrad ol FY 19048 when uranisin sscechment b weapons irased
4 In e vallalaions Ise Taliks 001 0 8 esciimed e ialls scoamalsied siecn (04w
HTipR In G Pedrs FT 10000 and Y 1957 when the Bols sseys d iyl m
o piE sl 018 peroe iy Thic scton would have Ssen bien shomby siier
e beion of i Feda ol prsecus Sl on il Do increess e Sl sssance a1 5 ine ol
iy incemsing seperasive woek produriion A1 Paduish comirechon el 4 plents 0G-
AN CAY 35 aud Ut euiiied dising FF 0¥ Padesih wis ts proosm grass
vt o depilened pRacin (e e it of the Oak Rlder corsde, Biclor
Herwebat miid Pz Duirean A Hegbory o o LUnited Slsin Aot Emerygy Coenmiseinn
I Atz Shiabd [184F 1983 U8 ARG Repadt Mo WASH.1218 1972 p =4

trate purchases [Table D1, columns 8 and 9] The
differance betwean uranium requirements and purchases
prowides the inventory of uranivm concentrate at the end
of FY 1964 4 Tahle [ 1 indicates that there was an appar-
ent stockpile of about 46,800 tons U0, at the end of FY
1964 4 But as will be seen, most of this was wsed to {uel
the production resctors and additional quantities were in
PITRCES S

Uranium in Process

The uwranium in process ot the gaseous diffusion
plants at the end of FY 1964 is estimated 1o be no mora
than 10 percant of the aonual separative work producs
tion, equivalent te 7 5 MT of oralloy product.® and per-
haps as much as several thousand MT equivalent of
natural uraniuwm feed & [ addition, a four month working
inventory of enriched UF; equivalen! to 5 16 million
SWU or 26 MT of oralloy product is assumed to have
been on hand at the diffusion plants at the end of FY
19464 °

Production Reactor Fuel

At Hanford, the amount of U-235 allocated 1o the
production resciors through FY 1964 consisted of the LI
235 consumed during that period plus the U-235 tied up
in various stages of the fue] cycle

Through FY 1964 eight Hanford graphile reactors
accumulated 41 million Mwd of operation, producing an
estimated 35 MT of plutonium [see Table 3 3] The Han-
ford production resctors were originally feeled with nat-
ural uranium passed once through The plufonium was
recovered from the irradiated fuel, but the uraniom, con-
taining porhaps 8% percent of the original U-235, was dis-

B R b psna] ST wesat T prverisan o e s nf Y ) 0000 o] 44 thissasamad SWL sl il arsd
off FY 180 with o predwtion of & iu 7 S35WL anwisl |y, Hosard Haln TR privein
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dhprtian of non okl afeiiiom e tbe peposs of mesdtay Auciostions o demend aed of

providicg & working iovnakory of vk apays This worklng sventony b i st 1o
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Reulesw [Limnlam Entchvent) Vil ¥ po1ow
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Table O 1
Uranium Enrichment Activities FY 1944-FY 1964
Production of HEU Equivalent
Taklst
Enrichmint? ARy HEL Equivalenc-
Y Preduction Pereant  Production Foed! Requirements ~ Uranium® Purchases
Thousamd Short Tons Thou=amd Short Tona
MEWLU MU U305 Ly0p
Anniual Cumailative Annual Curnul atbres Arnual Cumlative Apnal Curmul ativi
5044 : ] : ; : - g 4 81 481
1845 oor oag 0=26 0se 68 030 0 a0 (W=1H 531
1845 a2a ao3aa o =28 158 217 108 138 4 10 841
1047 o8 aFa 0 40g 232 4 .48 127 282 168 11 07
1948 o34 108 o818 245 £ 94 182 414 201 1308
1948 043 152 0 506 i 861 158 572 e | 15 32
14950 o a0 2 2 0495 aar 12 68 173 7 ah 3 0B 1B 38
18951 065 2E7 [l 58 a4z 18 10 204 g 48 31 B9 2207
1952 1 B 411 0 aa7 905 28 16 417 13 BS 3 BE 23 73
1963 £ 25 (e 2 0438 1308 a8 24 o B3 19 48 2 B8 28 81
1954 4 53 10 B2 C 366 24 37 B2 61 H &0 28 OB 4 88 3330
1955 H 0% 1B &4 p2ya 38 53 101 14 1084 a8 g 5 84 29 24
1856 13 a2 BB O1B3 a5 4F 138 B1 oo o8 92 10 43 49 BB
1957 14 53 47 19 0129 q2 35 18E 98 4 58 43 48 18 18 BS B4
19568 14 85 G2 04 0287 T304 262 00 21 458 64 38 28 ar a2 21
1959 1580 77 B4 03328 a1 19 34319 28 97 Bt 55 33 33 125 54
159860 1611 a3 s Q3ary A3 G4 4258 B3 27 23 118 77 34 58 16012
1261 168 1 110 36 03493 AL BS 513 BA 28 73 147 51 32 28 192 28
1868 16 23 128 59 0341 34 BE 24908 34 27 88 17538 29 38 2281 74
15863 15 48 14207 0213 7787 878 21 23 Ed 19918 28 248 248 72
1084 15 48 157 55 0285 F4.90 781 11 21 42 220681 18 GA 267 40
s Jpmam FH Pl aed Joe W Farka mlmﬁnhmhﬂ O - FiF = i - 5,100, - 5,0 The numiser of seaerabam sork units IO m 5 o= [Nt -
FHEIEA-7, Energy h el [ stion 5 Marck 1ETS Pg- W IF - Eylag ] - W TR wvbwrm el = 17 - Pafis 17 - =lisl
el @ I.J & Amaurey b wtrpgng nFY HHEE-TOST FY 1050 wrp S boe FY TSP
& Tada msserys after By O1E00 wars- FY 1SS O 197 FY 1SES-T1 D 00T 19T 105 reguiring 171 78 MEWL snd prosucing (25 B MT HPLL FY 1957 sern bals
'-".'I 030 FY TANE-TE, O3S0 Py 197080, 0 200 froen By 10S3-FY 1055 remarmg D (58 MEWL sed proguceg S0 2 6T HEL
peroand L2711 Lnet @ msberc: o oF urssies meslal ATLF Enrchmenko® §hig ® am Taks 31 15
wlmﬂlﬂwn-nmnﬂln#ml:tlmwl.;lmﬂ“lnhlnml..l-ﬂl

carded In the early 1950s, the AEC began recovering the
uranium from the fresh and stored processing waste, and
the fuel cycle was closed # In order 1o maintain the reac-
tivity of the plants, it became necesgary Lo slightly enrich
the [resh fuel ® [ is estimated to have taken approxi-
mately fwo years o mcyvele the spent urmnium fuel—that
is, two years o imadiate, cool, process, recover, and
refabiricate the vranium fuel

Assuming the Hanford reactors used natural ura
nium feed and the vranium recovered from spent fuel
was re-enriched to pormal assay (0 711 percent L-235)
with enrichment tails assay of 032 percent 1J-235,%0
some 12,000 MTU of natural uranium feed (16,000 short
tons U0, containing 88 MT U-235) were required to

9 Hiesalen sl Dumsn Absiniy Shirld p B

B The g anrichmen il amsey @1 B sunchmen comgles has b eduzad (om
aloead o 10 pestrena b iR R a0 o 3 pepest vurmeatly [Tebe T a) From TehlsDod the
averags bl ey Dos 7 19T 1584 was 312 perees! ool was alio e sverage
vl o (ke vy WY 130067 1584
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operate the reactors (o the end of FY 1964 Out af this,
about 48 MT of U-235 were consumead In the sight reac
tors, and an additional 3% MT of 1235 ended up as
enrichment failings A [urther lwo-vear fuel supply
would bave tied up an additional 7800 MT of natural wra-
miwm [10,000 short tons U0y conlaining aboul 55 MT of
11-235), since the Hanford reactors produced about 3 8T
of plutotium per vear, requiring some 1300 MT fresh fuel
{9 2 MT L-235] for each meteic ton of plutonium
The five Savannah River heavy water meactors acou-
mulated 24 5 million Mwd of operation through FY
1964, producing an estimated 23 7 MT of plutonium
equivalent, including an estimated 90 kg of tritium (6 5
MT Pu equivalent) ** The Savannah River reactors wsed

1 Thee (rims#es pidsdiscliou mlleslr s lshen fors Table 1 Appsadis € lar the censtami
mrienss o livn caee (e 3|
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HEU driver fusl in dedicated tritium runs They used nat-
ural uranium or LEL fuel when producing plutonium
until 1968 when HEU driver fuel was introduced

Some 5600 MT of natural urenium feed [7300 short
toma U0, containing 40 MT U-235] are estimated to have
been required [or operating the reactors during pluto-
nium production to the end of FY 1964, allowing for
enrichment of the recovered uranium in the gaseous dif-
fusion plants Of this, 22 MT of U-235 in natural or LEL!
fuel were consumed by the reactars, and an additional 18
MT of U-235 ended up as enrichment tailings Allocation
of & two-year fuel supply for esch reactor would tie up an
additional 1860 MT of natural wranium (2200 shorl tons
U,0y containing about 11 & MT L-235), since in the SEP
heavy waler reactors some 830 MT of (5 9 MT L1-233] nat
ural uranium feed is required for cach metric ton of plo-
tonium produced

The production of 90 kg of tritium through FY 1964
would have consumed 8 8 MT of 1-235 in HEU driver
fuel Assuming a fuel cyvcle invenlory in the reactors and
in fresh and spent fuel of fve HEU driver charges (8 MT
1-235), the total HEL committed to the tritlum produc-
tiom at SEP through FY 1964 contained about 16 6 MT LU-
245 It is assumed here that no HEU recoverad Jin:l'," tha
ldaho Chemicel Processing Plant was used for driver
charges prior to FY 1965

The M-reactor began operating al Hanford on 31
December 1963 The reactor requires about 800 MT of
slightly enriched uranium [approximately 1 percent U-
235) per year when operating in the weapon-grade pluio-
nium production mode [B percent Pu-240§ It is assumed
that by the end of FY 1964 some two years supply of fuel
was committed, requiting about 1500 short tons UyOy
feed

In sum, an estimated 18 MT of HEU [17 MT 1-235]
and some 41,000 short fons U0, were Lied up in produc-
tion resctor fuel requirements

Naval Reactors

By the end of 1964, there were sixiy-two nuclear
powered naval vessels (fiftyv-sight submarines and four
surface shipz), driven by seventy-lwo naval reactors In
poddition there were six land-based naval prototype reac-
tors Through the end of FY 1964, it is estimated that the
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Navy had procured 180 reactor cores and performed less
than ten refuelings 12

An estimated 185 naval reactor coras were processed
at the Idaho Chemical Processing Plant by the and of FY
148417 and approximately 8940 kg HELD containing 6974
kg U-235 was recoversd ™ Hence the average naval core
processad through FY 1984 yvielded 48 kg HEU contain
ing 38 kg U-235% The corresponding average Iresh core is
estimated to have contained about 90 kg HEU (97 3 per-
cent U-235] * Through the end of 1964, the fresh naval
cores that were irradiated, discharged, and processed
contained an estimated 70 kg HELU [97 3 percent U-235],
on Lthe sverage, assuming that anly 40 percent of the orig-
inal 17-235 was destroyed 8

These data suggest that through FY 1964 some 13
MT of HEU [97 3 percent 17-235) was required for fresh
naval reacior fue! and less than 04 MT of U-235% was
mecovired from spent fuel

Domeslic Power Reaclor Program

Prior te 1967 the Atomic Energy Act provided for
Presidential determination ag to the quantities of special
nuclear materials that were to be available for distribu-
tion to licensed users within the United States and to
nations having agreements for cooperation with the
United States

In 1954 the AEC underiook several actions designed
to accelarate the development of civilian power reactors,
including initiating construction of the Shippingport
Atomic Power Station This 68 Mwe pressurized water
reactor achleved criticality in December 1957, becoming
the first large-scale civilian nuclear power plant built in
the Linited States 17 Also, in 1954, the AEC began devel-
opment of several prototype reactors including boiling
water, fast breeder, and an experimental sodivm graphite
reactar 18 Omly four of these small experimantal civilian
power projects went online between 1956 and 1964 19

Early in 1955 the AEG launched the Power Demon-
stration Reactor Program designed to encourage private
investment in larger scale nuclear power plants Under
the fiest two rounds, six power plants were underlaken
and came on line betwean 1960 and 1965 *" Thiz was fol-
lowed by the AEC's announcement in 1957 of a thicd
round aimed al advanced reactor technologies Four pro-
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Table D 2
Amount of Highly Enriched Uranium (>-90%) Supplied to Experimental Power Reactors
through Fiscal Year 1964
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pects im the 15 to 60 Mwe renge were undertaken and
came on line between 1962 and 1964

In addition to the AEC and cooperative developmont
programs, seven privately funded reactor projects came
on line between 1957 and 1966 #

The fuel, fumished by the AEC for all of these reac-
tors through FY 1964 is estimated in Tables [ 2, D 3, and
[} 4 to have required about 3 MT of LU-235 contained in
HELU [greater than 90 percent U1-235) plus lower enriched
uranium requiring about 4000 short tons U0, feed and
1 7 million kg SWU These fuel requirements are equivie-
lent to 12 6 MT HEU [83 5 percent U-235] plus 2000 short
tons Ll 22
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Research and Test Reactors

Through 1964 thera were nine AEC-owned civilian,
and ten AEC-licensed, ressarch and tesi reactors with
rated power levels greater than five Mw, [see Tables [ 5
and 6] All of these reactors operated using HEU The
fuel requirement through FY 1964 for these together with
the smaller reactors (1 to § Mw,) is estimated in the tables
to be 28 MT of U-235, equivalent to 3 MT of HEU (93 5
percent LI-235]

There wers aight other safety research and tes! reac-
tors prior to 1965, aperating either under transient power
conditions or al power levels below one Mwy The fuel
requirements for all of these were too small to bave con-

21 The 40060 sheri o U000 andd 1 7 @i llisn kg SWAR feul bavs bren il el b srodice d 7
ST HEL (92 % vt L2715 ) [rom 2000 aber Sons U0, operstieg tha rronchmeni plat
4 AT jeentenl Lilia mmwy’ woli 2000 e dins U0y ke ume skl
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Table D 3
Amount of Highly Enriched Uranium (>390% U-235) Supplied to
Civilian Power Reactors Through Fiscal Year 1964

Power Shut Enrichmant
_ Reactsr =~ (MW  Startup  Down 1%
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tributed mﬂjﬂmnlly to the estimate of oralloy produc-
tion made here

Rocket Propulsion Reactors

Under Project Rover, a joint NASA-AEC program to
develop a nuclear propulsion reactor for space travel,
there were seven nuclear rockel reacior experiments con-
ducted between 1960 and 1965 These reactors had
power levels ranging between 100 Mw, and 1070 Mw,
The combined power of all seven was 46820 Mw, Two
additional experiments were conducied after 1965 (1400
Mw, (1967 ) and 4200 Mw, {1968]] DOE altimately recov-
ered 2 810 MT L2325 at the ICPP from fuel used in Proj-
ol Rover 24

ris for Foreign Civilian Reaclors
Through 1964 the United Stafes exparted 1 9 MT ol
HEL to foreign research reactors, containing 1 6 MT of U-
235 2 During this same period only 97 kg of uranium

0 BCFP, por e oomausicaioe s Taved ATheight VRS S sl Aeecfone Fopl (37 Aupum
bR 13 a1 e pepartad et Wi sesie 200 b ol i paooessed Rove Biel: SARD
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containing &0 kg U-235 were returned to the United
States 20

Consumption in Nuclear Weapons Tests®

The United States conducted 374 nuclear tests
through 1964 plus theee joint U 5 -UK tests {see Apper-
dix B) Thesa tests correspond to sbout 1 4 percent of the
current muclear weapons stockpile of aboul 26,000 war-
heads Thus the total HEU expended in tests conducted
prior to the end of 1964 was about 10 MT (about 20 kg
HEU per warhead)

Grade Uranium Inventory in 1964
e inventory of weapon grade uranium {93 5% LI-
235) at the end of FY 1964, when oralloy production
ceased, can now be estimated by subtracting the urmnium
vsed in other activilies from the purchases before FY
1965 According to Table I} 7 a stockpile of some 657 MT
(93 5 percent U-235) was available for weapons at the

Wea
T
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Tahie O 4
LEU-Fueled Power Reactors: Domestic Separative Work
Requirements [SWU) Through Fiscal Year 1964
Mumber of
Fuel Charge*  Enrichment” Cores Total Feed
__________ Reactor lkg Uramiwml (] Produced-  (kp SWLLH  IMTUD
indian Pt 1 20,000 34 1 Fa.560 158
Y ankee- Powns A0A0 34 2 166 320 Ag8
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end of FY 1964

This estimate, 657 MT, is judzed to have an error of
about 10 percent and should be taken as an upper limit
on orslloy production It is consistent with a previous
report that “more than half & million kilograms [S00 MT)
of weapon-grade uranium were produced in the United
Stales since 1945 "8

Removals 1964-80
Since FY 1964, the inventory of HEU available for
woapons has been further reduced by fuel requiraments

24 ol McPaes, The Cuivo af Fiieling oty (Mes Yotk Foew Busus & Glnoey 18075) p
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of the Savannah River production reactors, fuel needs for
research and test reactors, uranium exports to Britain and
France for military purposes, and nuclear tests

Presently highly enriched uranium metal is pro-
vided from the current DOE inventory at the ¥-12 plant
for nuclear weapons components and for fuels for the
Savannah River production reactors, and [MIE research
and test reactors It is assumed this has been the practice
ever since the AEC placed its Enriched Uranium Conver-
sion Facility (for convaersion of UFy to UF,] on etandby in
garly FY 1965 and will continue until 19808-890 when the
facility is scheduled to be reactivated



Table D 5

Amount of HEU (=90%) Required in DOE Civilian Research
and Test Reacters (=1 MWt]

Appendix B——
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The SEP reactors, as noted previously, were con-
verted to HEU driver fuel for plutonium production in
1068 Mo dedicated tritium runs occurred betwesn 1965
and 1972 From FY 1969 through FY 1984 the SRP pro-
duction reactors operated 25 5 million Mwd: an addi-
tional 13 5 million Mwd are jected to accumulate

ercent in the deplated uranium targets Conseguently,
Iy enriched driver fuel contributes some 31 million
Mwd of operation between FY 1965 and FY 1990, con-
suming an estimatad 38 MT 0-235 (41 MT weapon-grade

HELf equivalent]
An additional 19 MT 1-235 (20 MT weapon grarln

between FY 1985 and FY 1990 Of the total 30 million
Mwd, an estimated 7 million Mwd is generated in reac-
tors dedicated to tritium production and “high Aux”
operation and the remaining 32 million Mwd is in reac-
fors producing plufonium, whera the power distribution
is about 75 parcent in the highly enriched drivers and 25

HEL equivalent) are probably tied up in the fuel cycle [in
and out of reactor inventories) However, this must be
reduced by 8 MT, the amount of T-235 assumed to be in
the fuel cycle pipeline in FY 1964 29

A considerable portion of the HEU needed to fuel the
SKP production reactors since FY 1964 has come from

2 Asssmves s (lwee-ynar pipalas s S5 mecior charge comfaing up de 1 T of (1235 aral
_Jlumdmlnluudqhdhrnmy'.tﬂiﬂquﬂ: FY 1D p MRS
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Appendix D

Amount of HEU [<90%) Required in NRC (or AEC)-Licensed
Reactors [<1 MWt]

Enrichment Fequirement Theeigh 1984 Through 1584

Table O G

Tetal U-235
Aequirement

U-235
Yearly U-235  Requirement

N

e

T unehibrervrar e nusmes e Ehe rescioey o bebed in OO Merisar gactors fET
By B or Plensed DORMC-E0-ALT Segues 1583

Linmesi Sifsrwee nobed the smeros & wbier o KL Mabiem DCE from JE
Mlaias  Argomes Mators Leborsioy Buldes: AESTH Progrem Reschor B

mary—Saptamigr 1902 2 Sepusmter 100

L,h'.-mﬂl-'lﬂmﬂ thessroe s A Tum Aesssrch, Trsning Test s’ P
:rm'-"lcw-hwm Frwprican Kceer Serercy 1980

=1 -

Tt Ford rescinr corwerted @ low orched urenaum feel i the sorky 1580

Trém Estimais ol Bl yeorty recrsents of wrsraas- 370 5 Por the N TR | pigerwnd
trom the merege arnusl STRAG 0F Urannerr 205 reosesned Irom Ba spend fuel et

Sourter Qv Alhright prvess pomreseLrn

Reactor® (AW Startep Shutdowsn [l Tyl Thgl gl Heprosesaar:

MESH 201 1857 - = x| 130 =4 230 =Ha
BLIAR

(Gl 1865 1974 g3 g 0= == agc 2

10 1874 — a3 190 — 190 SHP
MITRH [5] 1858 - a3 54 Jg 146 SRP or IKEL
UCHNE 5K TBE1 - g3 a4 22 130 SRP
GTAM 5] 14984 a3 18 2 40 SRP?
FMA (21 1857 —_ a3 43 26 B= SRE
RINSE 12 18964 _— a3 258 3 53 SRP
LnanH L= 1580 — =23 13 7 a3 SRp
LA 111 15374 =3 o2 — 2 ot applicstie
WASA-TH IBO) 18965 18974 o3 30 0= =0 a0 INEL snd SAF
WTR G0 1958 1862 b | s B0s Bils iMEL
GETH

130 1585H 1965 B3 30 Ch 210 270 INEL
[} 1958 1977 53 50 Ch = S50 INEL
BANTH (51 1854 1871 g3 g an B 4£2 2
Fetiad Beactors - 50 150 MEL' ard BAP

01 ta 5 Mawt) -

TOTAL 504 2406

EFAP o INEL Gt 0 o] OF tlsk Tadirearad HELd il Riyicel [0 Cokgrtad
oo* the A rgeey Enegy Doemvregeeon for ohe yoare 1884 1866 and 1557 ana ieyor
dopepea e Alenee Envgy Progeams Jedepleranies 1988 oy
1867

ANV Feport of o AMes TBET o i sasrEd thal hal 0! the U250 i el
ergl ot BFP anad hal ot PREL

ALV e b5 DiraPess F D Anoier Begepy Comtwingien e 15968 p BY

P gt LTI Dt O AEESAET] 1 W LA 23S bt e (el MWL [(Macoa  REATH
g |

S ol th GEOM Fusd From ohe FRL. roodter vwits: ~8 proDesiest] ot INEL Cisvisd
Fapors op o1 1ESd NEBED

Lran

ium recovered from naval fand research) reactor

The United States has supplied approximately 9 (or

spent fuel, primarily in Idaho Through FY 1984 28 8 MT
of uranium containing 22 8 MT U235 were recovered al
ICFP, and perbaps as muoch as 25 MT LU-235 (27 MT
weapon grade HEU equivalent) will be mecoversd
through 1967 Anadditional 4 MT HEU will be recovered
at SRP from research reactor fuel This suggests that pos-
gibly a total of some 21 MT of U-235 will be withdrawn
from the HED inventory to meet SRP reactor driver fuel
requirements betwesn FY 1965 and Y 1960

About 15 to 20 MT of uranium from the HED stock-
pite will be needed o supply domestic and foreign
research and test reactors between FY 1965 and FY 1090

[see Table O 7)

5] MTH of HEU to the United Kinpdom for submarine
reactors and weapons under the U 5 /UK Defense Agreo-
mienl signed in 19258 I the HED was supplied in metal
form il would have come from pre-1964 production HELT
stocks IT it was supplied as UFS, it could have been from
HEL enriched after 1964 In addition, the United States
committed itself in May 1959 to supply France with up to
044 MT of enriched uranium “for use (o the develop-
menl amnd operation of a land-based prodotype submarine
nuclear propulsion plant "™ Up 10 03 MT was to be
enriched to 90 perceot in the isolope U235, with the
remaipder enriched up to 20 percent 32

Finally, some additional 370 nuclear tests [includ-

1] r-llr.er'I-'u Vs on P s gl Fon 1t B U1 S UK berier avangesnent called for the

1B U5 Deparnmest of Sieis memorndom bo e Americen Embessy Pady 7 by 1058

il & T g VT For ewchi kgl pilmirondurn; 5 6T sl mress, can oo ban g raba ot oo
LT r.a.t Agersmenis for Leopsrat b far Mihal Delssss Parpases [uses Jaly 1988 pp 12

%
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Appendm B——

Table O 7
Estimate of U.S. Stockpile of Weapon-Grade Uranium (1984)
HEL 33 585 U-2385) U0y thousands shart
B Activity Eguivalent (MTUI . tons)
Throagh FY 1384
Liranium Purghzsas [FY 1543-FY 1 BE4) 256 B
Enrahment Plank Procuction (FY 1942 -mdFY 10840 511 =208
In Procmgs - N -
—————— ' Warkirg-Hrventory -
Production Resctoers 180 49
Mayel Aeactors 130
Dameatiz Powar Faacuor Progeam 12 E =343
Aesearch and Tesl BescLors a4
Rocket Propulstion Reachirs -3
Exporta for Forsign Ceilan fesctors 46
| Woapone Teets B |
Subtotel - End FY 1984 eppras 557 0 appros 2 0
FY 1965-80
SRP Oervar Fusd Consumed in Reactars -7 0
addtonal Fusl Cyole Inventory 120
LJ-235 Recovered ot ICPP & SAP 2r.n
SAP-Gribeotal 2D
Domestic srd Foresgn Resaerch and Test Reacoors 15 D =200
Waspons Tesks A0 0
Exports Under Military Agrecments 0 4 ta -B.4
Subtatal IFY 15€5-800 -0 A4 o -B &G
Hrreetrie-far- Veapons b  Fa S

ing 14 joint U S UK tests] were announced during the able for weapons at the end of FY 1984 at about 600 MT

1965 through FY 1984 period, requiring an estimated 10 This 600 MT estimate is an upper limit on the HEU

MT of HEU inventory available for weapons There are surely addi-
[ =0m, The addifional drawdowns of The HELT siock- tional Invenlories and drewdowns w HVE T

pile through FY 1990 total some 51 to 65 MT weapon- taken Into account The authors believe a better estimate

grade HEU (83 5§ percent U-235] equivalent, as indicated of the HEU inventory reserved for weapons is 500 MT

in Table I 7, leaving the estimated HEU inventory avail-

Muclear Weapons Databook, Volume I 191






(gl

i1

._...._._____.__.

,__ _.

FEELIL ....:_

..:__:.:______
| ____ N
HHm

i

I

11
_____._
__.__

.___.___.:.

_______

_______,_.._.

il

il




Glossary of Terms

Glossary of Terms

Actinides

Advanced Gas
Centrifuge [AGC)

Advanced [sotope
Saparation (Als)

Alrburst

Alpha particle

Anti-submarine
warfare [ASW)]

Anti-ballistic
mlszile [ABM)

Aqueous phase

Arming

Arms conteol

Arms conteal
agreement

verification

The series of heavy radicactive
mictallic elements of increasing
atomic opumber from actinium

[89) through hahnium {105]
High speed, high-efficiency gas

centrifuge for enriching uranium
hexalluoride

Processes under development for
erriching uwranium, including
Molecular Laser lsotope Separa-
tion (MLIS], Atomic Vapor Laser
Isotope Separation [AVLIS), the
Plasma  Separation  Prooess
[(F5P), and the Advanced Cas
Centrifume [AGT)

The explozion of a nuclear weap-
on in the air at height greater
than the maximum radius of the

firaball

A positively charged particle,
made up of two neutrons ead
two protons, emitted by cerlain
radicactive nuclei The nucleus
of He=4 atom

Muothods of warfare utilizing spe-
clalized sensors, data processing
techniques, weapons platforms,
and weapons intended to search
for, identify, and destroy subma-
rines

A defense missile used to inter-
cept and destroy an altacking
strategic ballistic missile

In solveni extraction, the watar-
conteining laver, as differantiat-
ed from the organic phase

As applied to weapons and am-
munition, the changing from a
safe condition to a state of readi-
nass for initiation

The process of limiting or reduc-
ing arms to lessen the risk of con-
flict and o reduce the conse-
quences of a8 conflict should it
QCCur

The collection, processing. and
reporting of data indicating test-
ing or employment of proscribed

194 Muclear Weapons Databook, Volume Il

ATMX

Atomic bomb

Atomic demolition
munition [ADM)

Atlemic number

Atomic weight

Ballistic missile

Ballistic missila
defense [BMD)

Beryllium

woapon  systems,  including
country of origin and location,
wiapon and payload identifica-
tian, and event type

The designation assigned to a
special railcer used to transport
nuclear weapons Only series
500 and 600 ATMX cars are nu-
clear weapons transporting rail-
CATs

An explosive device whose ener-
gy comes from the fissioning of
uranium or plutonium A fission
bomb, as distinguised from a hy-
drogen bomb

Muclear device designed to be
defonated on or below the sur-
face, or under water, to block, de-
ny, andior canalize enemy
forces

The number of protons o an
alomic nucleus

The mass of an alom expressed
in atomic mass units (amu), usu

ally relative to carbon-12, which
is defined to have a mass of 12
amu Approximately, the sum of
the number of neutrons and pro-
tons in the nucleus

A misyile that follows a ballistic
trajectory, relying only on gravi-
ty and aerodynamic drag when
its thrust is terminated

A defensive system designed to
destroy incoming ballistic mis-
siles or their warheads Usually
comceived as siruciured in sever-
al different layers that attack mis-
siles in any of their trajectory
phases: boost phase, post-boost
phase, midoourse phase, and ber-
minal [or reentry) phase

Element with atomic numhber 4
and atomic welghts between B
and 11 Used in nuclear weapons
as a nentron meflector and a ne-
[FOmn SOLIrCe



Glossary of Terms

Beta particle

Hlankes

Hlast

Blaat yield

Boosted fission
wWeapon

Burnup

Byproduct material

Chain reaction

Cladding

Command disable
system

Component

An electron or positron emitted
by an atomic nucleus during ra-
dioactive decay

& layer of assemblies containing
fertile matertal. such as uranime-
236 or thorium=-232, surrounding
the core of o nuclear meactor, for
the purpose of absorbing escap-
ing neutrons

The pressure pulse [shock wave)
in air initiated by the expansion
of the hot gases produced by an
explogion

That portion of the total energy
of a nuclear explosion that is
manifested as a blast [or shock)
Wave

A puclear weapon in which neu-
trons produced by thermonocle
ar reactions serve to enhance the
fission process The thermonu-
clear energy represents only a
small fraction of the tofal explo-
si00 energy

The precentage of fuel atoms fis-
sioned during operation of & nu-
chear reactor Also, the energy
produced by & nuclear resclor,
usually expressed as Mwd per
MT of fuiel

Any radipactive material {except
special nuclear material) vielded
in or made radicactive by expo-
sure to the radiation incident to
the production or ufilization of
spacial nuclear material

A series of reaclions in fssion-
able matedal in which neutrons
that are the product of fission re-
actions induce subsequent fis-
slons

The malerial forming the ouler
layer of a nuclear fuel element
May be aluminum, steel, or Zir-
calloy, an alloy of zirconiwm

A systam  incorporating com-
mand and control features that
destrovs a weapon's ability fo
achieve a significant nuclear
vield

Any operational, experimental,
or rasearch-related part, subsec-

Control mods

Conversion malio

Cratar

Critical facility

Critizal mass

tion, design, or material used in
the manulacture or utilization of
a ouclear weapon, nuclear explo-
sive device., or nuclear weapon
test assembly

Rods of neutron absorbing mate-
rial that are insertad into the core
of & nuclear reactor o control its

opEralion

The rafio of the nimber of atoms
of new fissile materals produced
in a reactor 1o the number of al-
oms of fissile material cone
sumed This ratio is usually less
Than pnijty

The pit, depression, or cavity
formed io the surfasce of the earth
by a surface or underground ex-
plosion Crater formation can oc-
cur by vaporization of the surface
material, by the scouring effect of
air blast, by throwout of dis-
furbed material. or by suobsi-
dence In general, changes from
one process o the next occur
with inureasing depth of burst
The apparent croter is the de-

ression which is seen after the

urst; it 18 smaller than the true
crater, which is covered with a
layer of loose earth, rock, etcet-
era Ip a deep underground burst
when thers is no rupture of the
gurfoce, the resulting cavity fa
sealed pocked of smoke and gas)
is called & comouwflet

A rasearch facility that containg
nuclear material and can sustain
a chain reaction bul produces no
power and requires no cooling
Its core is designed for great flex-
ibility and uses fuel that can be
repositioned and varied to inves-
Ugote different reactor concapty
and core configurations

The least mass of fissionable ma-
terial that will allow & self-sus-
taining nuclear chain reactor
The critical mass depends on the
type of fissionable isotope, its
chemical form, geometrical ar-
rangement, and density
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Glossary of Terms

Critical nuclear
weapens design
infmremation
[CMWIH]

Cruise missile

Cryogenic

That TOP SECEET Restricted
Data or SECRET Restricted Dala
revaaling the theory of operation
or design of the components of a
thermonuclear or implosion-
type fission bomb. warhead,
demolition munition, or tesi de-
vice Specially excluded is infor-
mation concerning arming. fuz
ing, and firing svatems; limited
life components; and tofal con-
tained gquantity of fissionable, fu-
sionable, and high explosive ma-
terials: by type Among these
axcluded items are the compo-
nents which Service personnel
sel, mainlain, operate. lest or re-
place

A low-flying, air-breathing, guid-
ed miszile that, like an aircraft,
relies on propulsion to balance
drag and serodynamic lift to bal-
ance gravity

Eolating to the production of
very |ow tempersatures

Denterium

Nisablemeant

Electromagnetic
pulse [EMP)

A hydrogen  isotope [atomic
weight 2] with one proton and
one neutron in the nucleus Rep-
resented by letter D or by H-2
Used as a thermonuclear fuel
constitueni and &s & neatron
moderator (in the form of haavy
wialier) in nuelsar reactors

The rendering of a nuclear weap-
on incapable of achieving a nu-
clear yield for some specified pe-
riod of time Not included in
dizablement are the prevention
of the recovery of sctive nuclaar
material and proventing the ob-
lainment of clagsified design in-
formation

A sharp pulse of radio-frequency
(long wavelength) electromag-
nafic radiation produced when a
nuclear explosion ocours in an
unsymmetrical environment, es-
pecially at or near the sarth’s sur-

Curie [Ci)

Custody

Depleted wraniam

Detonator

A unit of radioactivity; the activi-
ty of a quantity of any radicactive
nuclide undergoing 37 thousand
million disinfegrations per sec-
ond

1 As defined in the AEC-DOD
Stockpile Aﬁmm&nl, custody is
the regponsibility for the control
of transfer and movement of, and
acoess to, weapons and compo-
nents Custody also includes the
maintenance of accountability
for weapons and components
2 As used within the individual
Military Services, custody is the
guardianship and safekeeping of
nuclear weapons and their com-
ponents and of source and spe-
cial ouclear material Custody
may or may oot include sccouni-
ability

Uranigm paving a concentration

of 1-235 smaller than found in
nature (0 711 percent)

A device containing a sensitive
explosive intended to produce o
detonation wave for detonating a
high explosive element

196 Mucleasr Weapons Databoak, Valume ||

Electron-volt

Enhanced radiation
WaAPOn

Enrichment

Fessd mataerial

Fertile isolope

capsed by Compton-recoil elec-
trons and by photoelectrons  The
intense electric and magnelic
fields can damege uvnprotected
elactrical and electronic equip-
ment over & large area

A unit of ensrgy 22 5 billion tril-
lion electron-volts equal one kil-
owall-hanf

A nuclear explosive device
designed to maximize nuclear ra-
diation effects and reduce hlast
and thermal effects

Increasing the concentration of
one lsotope of en element rela-
tive to the other isotopes For ex-
ample, uranium-235 relative lo
vraninm-238 or plutonium-239
ralative to plutonium-240

A nuclear material introduced at
the start of a process or operation
e g , wranium hexafluoride [UF;)
as the feed to an enrichment pro-
cess of uranium metal as the feed
to a el fabrication process)

An isotope that is converted into
a fissile isotope, either directly or
after & briaf decay process, by ab-
sorbing & neutron  For example,

face—or—at high altitudes It is



Glossary of Terms

Firehall

Firing sysiem

Fizaile material

Fission

Fissionable material

Fission products

Fission weapon

fartile U238 captures a neulron
to form U-239, which subse-
quently decavs to fissile Pu-239

The luminous sphere of hot gases
produced by a nuclear explo-
sion

The system of components in a
nuclear weapon that converts {if
necessary), stores, and releases
electrical energy to detonate the
wedpon when commanded by
ther fuzing system

An isotope that readily fissions
after absorbing a =slow neutrom,
emitting 2 to 3 neutrons Fissile
materials are U1-235, 11-233, Pu-
238, and Pu-241

The splitting of the nucleus of a
heavy atom following absorption
of a neutron into two lighter nu-
clei, accompanied by the release
of neutrons, X-rays, gamma rays,
and kinetic energy of the fission
products

A material that will undergo nu-
clear fission Includes fissile ma-
terials, but also isolopes such as
UJ-238 that are fissioned only by
fast neutrons

The product ouclei resulting
from the fission of a heavy nucle-
us (8 g, uranium-235 or plufomni-
um=239) These are distin-
guished from the direcl fission
products or fission  frogments
that are formed by the actual
splifting of the heavy-element
nucleus The fission fragments
are radioactive and decay into
daughter products The complex
mixture of fission ucts thus
formed containg about 200 dif-
ferent izofopes of over thirty els-
mants

A nueclear warhead whose mate-
rial is uranium or plutonium that
is brought o a critical mass
wnder pressure from & chemical
explogive detonation o create an
explogion that produces blast,
thermal radiation, and nuclear
radiation The complete fission
of one pound of fizsionable mate-
rial would have a vield equiva-
lent to 8000 tons of THNT Come

Fission vield

Formerly Restricted
Mata (FRI]

Fuel cycle

Fuel elemani

Fuel fabrication
prlamt

Fuel processing
plant

Fusion

Fuasion waspon

monly known as atomic bomb

The amount of energy relessed
by fission in a thermonuclear (fu-
sion) explosion as distinct from
that released by [usion

Information removed from the
Restricted Data category upon a
joint determination by the De-
partment of Energy (or anfece-
dent agencies) and Department
of Defanse that such information
relates primarily fo the military
utilization of atomic weapons
and that such information can he
adegquately safeguarded as classi-
[ied defense information [Sec-
tion 142d, Atomic Energy Act of
1954, as amended |

The set of chemical and physical
operations needed to prepare nu-
clear material for use in reactoms
and to dispose of or recycle the
material Emr ita removal from
the reactor

A rod, tube, or other form inio
which nuclear fuel is fabricated
for use in a reactor

A [acility where the nuclear ma-
terial {e g, enriched or natural
uranium) is fabricated into fuel
elements for a reactor

A plant where irradiated fuel ele-
menis are dissolved, waste mate-
rials removed, and reuseble ma-
terials are rscoverad

The process in which two light
nuclei atoms, especially isolopes
of hwvdrogen, combine to form a
heavier nucleus with the release
of a substantial amount of ener-
gy Extremely high temperaiures,
resulting in  highly energetic,
fast-moving nuclel, are requined
to initiate fusion resctions

Wuclear warhead containing fu-
slon materials [eg. deuterium
and tritium] that are brought to
critical density and temperature
conditions by use of a primary
fisgion resction (thermonuclear)
in order to initiate and suslain o
rapid fusion process, which in
turn creates an explosion that
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Fuze

Fuzing syslem

Gamima ray

Gaseous diffusion

Gas centrifuge

Gun-type weapon

Half-life

Heavy metal

produces blast, thermal radia-
tion, and nuclear radiation Com-
monly known as hydrogen bomb
or thermonuclBar weapon

A union of one ar more subas-
semblies or major components
that, when combined with other
major  assemblies sz required
[such as bomhb, power supply,
etc |, is capable either in itself or
in conjunction with a firing set of
controlling the electrical or
mechanical arming and firing of
A Wedpon

The systom of components io a
nuclear weapon that determines
the time and place to detonate
the weapon

High-apergy electromagnetic ra-
diation emitied by nuclel during
nuclear reactions or radicactive
decay

An isctope separalion process
used for enriching wranium in
uranium-23% based on the fact
that the lighter isctopes of a gas
diffuze through a porous barrier
at a greater rate than the hesvier
isotopes

A rotating cylinder that can be
used for enrichment of uranium
hexafluoride pas The heavier
uraninm isotope U-238 tends to
concenirate at the walls of the ro-
tating centrifuge, leaving uramni-
um enriched in U-235 near the
Ccanier

A device in which two or more
pieces of fissionable material,
pach less than a critical mass, are
brought together very rapidly so
as o form a supercritical mass
that con explode as the result of a
rapidly expanding fission chain

The time in which one hall of a
gquantity of identical radicactive
aloms decays

The fuel materials, including
uranium, plutonium and thori-

198 Muclear Weapons Oatabook, Volume I

Heavy waler

Heavy water reactor

Healium

Highly enriched
wranium [HEL

High-level wasts
[HLW]
Homogenous core

Igloo

Implosion weapon

Inertial confinemeant
fusion (ICF)

Initial operational
capability [10C)

um, with atomic numbers of 90
and above

Water confaining significantly
more than the nalural proportion
(1 part in G500] of dewterium at-
oms [as Dy0] o ordinary hydro-
gen aloms [as HyO)

A nuclear reactor that uses heavy
water as modecator and/or cool-
ant

Element [symbal He] with atorm-
ic number 2 and atomic welghts
betwesn 3 and 8

Uranium that is enriched in U-
235 to above 20 percent, usually
90 percent or greater

The highly radicactive wasie
containing fission products that
is discharged from a puclear fual
processing plant

A reactor core compesed of only
one type of fuel assembly

An wsarth-covered siructure of
concrete andlor steel designed
for the storage of ammunition
and explozives

A weapon in which a quantity of
fizssionable material, less than a
critical mess at ordinary pres-
sure, has its volume suddenly re-
duced by compression [a step ac-
complished by using chemical
explosives] so that il becomes
suparcritical, producing a nucle-
ar explosion

A concept for attaining the densi-
ty and temperature condition
that will produce nuclear fusion
by use of lasers or particle beams
o compress and heat small pel-
le=ts of Tusion fusl The energy re-
leased is in the form of fast nen-
trons, X-rays, charged particles,
and debris

The date when the first combat
missile unit is equipped and
trained. and logistic support es-
tablished to permil perforemance
of combat missions in the Teld
An inftial operational capability
date is associated with each new
missile system as a target date for
delivery of combal equipment,



Glossary of Terms

Intercontinental
baallistic missile
(ICBM)

Intermediate-range
ballistic missile
[IEBM

lon exchange

Irradiation

lzntopes

aint test assembly
(FTA]

repair parts, maintenance squip-
ment, and publications, plus
supply of trained personnel

A land-based rocket-propelled
vehicle capable of delivering a
warhead over infercondinental
distances Once rocket propul-
sion is terminsted an ICBM tray-
els oo a ballistic trajectory

A ballistic missile, with a range
capability from aboui 1500 to
3000 nautical miles

Chemical methods of recovering
products oF removing impuarities
from solutions involving the ex-
change of lons between the solu-
tion and an ingoluble resin Used
fn uranipm milling to recover
granium from acid leach lignors
and in fuel processing for final
product decontamination and
the separation of certain fission
products from high level waste
For the separation of metals, ion
exchange is preferable over sol-
vant extraction for small quanti-
ties or low concentrations

Exposure to neutrons in a nucle-
ar reactor More generally, expo-
gure to any source of radiation

Atoms of the same chemical ele-
ment having different numbers
of newlrong in their nucleus An
isotope is specified by its atomic
pumber and a symbol denoting
the chemical elemant (ag, U-
235 for uranium with 235 neu-
trons and protons)

Warheads and bombs employed
in test projecis JTAs are non-nu-
clear test configurations with ap-
propriate  imstrumentation  in-
stallad

Joint test nssembly, pre-build In-
strumented warkeads on bombs
assembled alongside war reserve
weapons The nuclear explosive
package is sxcluded, with instru-
mentation substituted that will
allow subsystem evaluation at a
later time during weapon evalua-
tion

Joimt test
subassembly [JTS)

Filaton [Et)

Laser isotopss
separation [LIS)

Light-water reactor

Liguid-metal fast
breeder reaclor

Lithium

Low-enriched
uranium

MMean free path

Joint fest ossembly, rebaild
Weapons rmandomly  selected
from War Reserve stockpile in
which the nuclear explosive
package is removed and instru-
mentation substituted prior o
evaluation

The instrumented package sub-
stituted for the nuclear explosive

package

The energy of a nuclear ex-
plositon that is equivalent to the
explosion of 1000 tons of trini-
trotoluene (TNT) high explosive

A device that produces a cohar-
ent,  Intense, and oollimated
beam of electromagnetic radia-
tion of well-determined wave-
length, through & physical pro-
cess known  as  stimulated
emission

An enrichment process in which
desired isotopes are separated by
differentially exciting a vapor or
gas with a finely tuned laser
Used to separate U-235 from U-
238 and Pu-240 and Pu-244 from
Pu-230

A nuclear reactor that uses ondi-
nary waler as moderator and
co]ant

A nuclear reactor thal uses & IiT
uid matal {# g , sodium) for cool-
ing, operates with high-energy
(fast) newtrons, and produces
more fissionable material than it
CONSUINES

Element with atomic number 3
and atomic waight betwesn 5
gnd 9 As thermonuclear fuel
constituent, it is usually com-
pounded with deuterium

Uranium enriched in U-235 to
less than 20 percent, usually 2 to

4 parcan|

The average path distance a par-
ticle [meuiron or photon) travels
before undergoing a specifiod re-
action [with & nucleus or elec
trom] in matier
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Megaton (Bt)

Megawatt thermal
(LE LA

Megawatl-day
[(Mwd)

Military
characteristics

“Mod"” designator

number

bod aretor

Metric Ton (MT)

Multiple
independently
targetable reentry
vehicle [MIRV]

Multiplication
Factor [k}

A measure of the explosive yield
of @ nuclear weapon equivalent
to one million tons of trinitootal-
peng (TNT] high explosive

Equal approximately o one
thousand million calories o 4 2
thousand million million joules

A measure of the rate of heat pro-
duction [power autput] in a nu-
clear reactor equal to one million
walls

A measure of thermal energy pro-
duction in a nuclear reactor One
Mwd is equal o B8 4 thousand
million joules

Thoese charscteristics of eguip-
ment upon which depend its
ability to perform desired mili-
tary functions Military charsc-
teristics include physical amd
oparational characteristics but
not technical characteristics

Modifications made to the major
assembly design of a weapon sys-
iem Mod-0 i2 the first version of
a weapon design, with subse-
guent modifications of the weap-
on design numbered consecu-
tively

A material [eg, waler, heavy
water, or graphite) in the core of
a nuclear reactor that slows neu-
trons by elastic collision. thus in-
creasing their chance of absorp-
tion by a fissile nucleus

1000 kilograms, or 2205 pounds

Multiple reentry vehicles carried
by a ballistic missile. each of
which can be directed to a sepa-
rate and arbitrarily located tar-
il

A quantity that describes the de-
gree o which a chain reacting
syslem can sustain operation k
is mqual to the ratio of the
number of neutrons in a given
generation to the number in the
preceding generation When k is
equal to unity, the fission chain
reaction is self-sustaining and
the reactor is “critical”’; for k less
than unity, the chain reaction

BN hlonlnne lfnoeree Nasakeal  Walemn |

Mational Security
Information

Matural uranium

Meuntron flux

Meutron generator

Muclear component

Muclear device

Fuclear radiation

Muclsar reactor

WNuclear waste

dies oul and the reactor is “sub-
critical™; for k greater than unity
the reaction grows and is “super-
critical ™

A category of infFormation classi-
fied wunder Executive Order
12366, “MNaticnal Security Infor-
mation ™

Liranium as found in nature, con-
taining about 0 711 percent of 1-
235, 90 3 percent of 11-238, and a
trace of 11-234

A measure of the intensity of
neutron radistion equal to the
product of neutron density and
velocity  Expressed as  the
numher of neutrons [ Suare
centimsater per secon

A high-voltage vacuum tube
ustd in contemporary nuoclear
weapons o furnish neutrons at a
precise instant to begin {ssion
reactions in fissile cores

A part of a nuclear weapon that
contains fissionable or fusion-
ghle maierial

Nuclear fission or fission and fu-
glon materials, together with the
arming, fuzing, firing, chemical
explosive, canister, and diagnos-
tic measurement equipment, that
have not reached the develop-
ment status of an operational
WBAPON

Particle and electromagnetic ra-
diation emitted from atomic nu-
cled in various nuclear processes
The important nuclear radia-
tions, from the weapons effects
standpoind, are alpha and beta
particles, gomima rays, and neu-
trons X-rays are nol ouclear ra-
diations since they do not origi-
nale in atomic noclel

A device in which a controlled,
self-sustaining puclear reaction
can be maintained with provi-
sions for cooling to remove gen-
erated heat Types include pow-
er reactors, research and test
reactors, and production reac-
lors

The radicactive by-products
formed by lission and other ou-



clear processes in a reactor Sep-
arabed from spent fuel in a pro-
cessing plant

FPipeling

Hefers to the quantity of an item
regquired in the supply system o
maintwin an unpinterrupted re-
placement fow

Glossary of Terms

Muclear weapon

A device that releases ouclear
pnergy in an explosive matter as
the result of nuclear reactions in-
volving the fission or fusion of
atomic muclei, or both

Pt

The components of a warkead lo-
cated within the inner boundary
of the high explosive sssembly
but not including safing materi-
als

ptmmn uf 8 I'llll:lBEl' WA, in-

cluding blast, heat, X-rays,
prompt nuclear radiation, and
electromagnetic pulse

sulting in the lowering of land
surface temperatures to  near
freazing or below due to the
gpreéad of massive amounts of
smoke from fires and dusi
through the atmosphera screen-

Plutonium

Flutonium-240

A heavy, man-made, radicactive
metallic element [symbol Pu)
The maost important isotopes are
Pu-238 and Pu-239

neubron capiure in uraniuom-236
It iz used in the core of nuclear
WEIpOnS

An isotope of plutonium, pro-
duced i

Omve-point
detonation

gy

A detonation of high explosive
which is initiated at a single
point This type of detonation
may be intentionally initiated in
oriain self-destroct systems

ic

capture in Pu-239 Because of its
high rate of spontaneons fission,
its presence increases the chance
of preinitiation and affects the
design and operation of nuclear
explosive devices

One-point safe

The probability that the detona-
tion of the high explosive of 8 nu-
clear weapon by initiation at any
one point has & chance of po
greater than one in a million of

FPreinitiation

The initiation of the {ission chaln
reaction in the active material of
a nuclear weapon at any time
earlier than at which either the
designed or the maximum com-

producing a nuclear vield im ex-
cess of 4-pounds TWNT equive-
lent It is a term to describe the
degree of safety in a nuclear

WHEapon

]

Primary

attaimad

The fission trigger or first stage of
a  multistage  thermonuclear

weapon or device

Organic phase

Abbesviation for Ouk Ridge A
loy Highly enriched uraniom
matal, typically 83 5 percent LU-
235, usad in nucleer weapons

In solvent extraction processes
{E g . PUREX) for I'uel pruﬂumng

Production

The conversion of raw malerials
into products andfor compo-
nents through a series of manu-
facturing processes It includes
functions of production engi-
neering, controlling, quality as-

Permissive aclion
link [PAL)

l.n].rar as differentiated l:mm the
aguecus phase

A device included in or attached
o a nuclear woeapon system to

pm:lud.n arming and/or launch-

Production reactor

UL ¥
of resources requirements

A nuclear reactor that is
designed primarily for the pro-
duction of plutonium, tritium,

ing untl] the ingertion of & pre.
seribed discrete code or combi-
nmation

radigtion of selected target mate-
rials
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PUREX

Abbreviation for  Plutonium
URjanium E[X]traction A sol-
'l.rant Hx‘tractlun process u.:l:lllm-u-

(Qc)

-:hwduall;r Eupumt-ﬁ!- the
uranium, neptunium, and pluto-
nium from the accom panying fis-
sion products contained in the ir-
radiated fuel

dm'nlupmuul: [HE&L)
phasas

gsion products and from each

eH’nrt pams in its EI'I."I:I|1.11.II:I'J1 fn:r:m
imitial inception to mature tech-
pology are: (1] basic research, (2]
applied resparch, (3] exploratory
development, (4] advanced de-
valopment, and [5) engineering

Il
evaluation to determing whethwer
weapons materiel is of satisfacto-
rv quality, to determine the de-
gree of conformance to design In-
tent, and to determing the status
of functional stockpile readiness

Radioactivity

Kesearch reacior

Resonance capiure

"
1L

A nuclear reactor that is
designed primarily for training
and research

An inelastic nuclear collision
4

through the use of periodic in-
spection  reports  and  other
checks

The spontanecus disintegration
of an unstable atomic nucleus re-

Reactor cora

Restricted Data [RIN

tendency for o nucleus o capiure
incident particles or photons of
electromagnetic radiation having
particular (resonant] energies

All data [information] concern-
: :

alpha or beta particles, gamma
rays, or neutrons

The central partion of 8 nuclear
reactor containing the el ale-
men L4

utilization of alomic weapons:
|b] the production of special nu-
clear material; or {c) the use of
special nuclear material in the
production of energy, but shall
not include data declassified or

Heclama

Recycle

A request to duly constituted au-
thority to reconsider its decision
or its proposed action

The rense of unburned wranium

and plqtunium in FrElsh fuel after

Feentry vehicle [BY)

removed from the restricied data
category pursuant to Section 142
of the Atemic Energy Act [Sec-
tion 11w, Atomic Energy Act of
1954, as amended )

As applied to weapens and am-

separation {rom fission products
in spent fuel at a reprocessing
plant

That ion of a ballistic mizsile
which carries the nuclear war-

head It is called a reentry vehi-
riehecanse it reenters the-earth's

Reflectar

Salt cake

munition, the changing from a
gtate of readiness for initiation to
a safe condition

The damp solid formed when the
liquid fraction of the high-level
waste is removed through the use

atmuarhﬂré in the tarminal por-
tion of the missile trajectory

A layer of material immediately
surronnding a resctor core which
scatiers Euri ar deflects into the

Scrap

of an evaporation crystallizer

Rejected nuclear material re-
moved from the process siream
Often reguires separation [rom
contaminants or chemical treat-
ment to return the material to a

core many nedfrons that woold
otherwise escape Also, in nucle-
ar warheads Common reflector

materials are graphite, berylli-
um, and natural uranium

The chemical treatment of spent

Separative work

state acceptable for subsequent
processing

A measure of the effort required
in g enrichment plant or unit o
separate uranium of a given L-
2353 condent into two fractions,

reactor fusl to separate the plato-
miurm and uranium from the fis-
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age of U235 The unit of separa-
tive waork is the kilogram separa-
tiva wark unit (kg SWU)

related physical environments
involved in the delivery of a nu-
clear weapon from the stockpile
tx th 4 i

solvent extraction

Chemical methods of recovering
metals bazed on their preferen-
tial solubility in solvents immis-
cible in water Used in wranium
milling o separate uranium from

leach liguor and in fuel process-
i :

the logistical flow involved in
moving nuclear weapons to and
from the stockpile for gquality as-
surance festing, modification
and retrofit, and the recycling of
limited life components

Source material

saparation [S15]
plant

- uac

malerial [SM)

uranium from fission products

As defined under the Atomic En-
argy Act, ores containing urani-
wm ar tharium

Strategic forces

Nuclear weapons and delivery
systems designed for nuclear at-
teck apainst stralegic targets or
for active defense agains such an
attack Bombers, missile sys-
tems, and sirategic intercepiors

por laser sotope separation [AV-
LI5) process [or molecular laser
isotope separation [MLIS) pro-
cess) to anrich plutonium in the
isotope Pu-239

Stripping

Commonly  relEr

woeapons in the United States
and Soviet Union that can deliv-
ar a nuclear strike on erch other

ar a third party

In wranium enrichment, the pro-

Act, plutoniam, uranism
':1;3:.!!-' and !_E.ranjum enriched in
the lsotope 1J-233 or the isotope
11-235 SNM does not include
souree material such as natiral
wraniwm nr thorinm

cezs of enriching the fails of an
enrichment plant or pravious en-
richment stage Inm the PUREX
solvent extraction process, the
transfer of product from the or-
ganic phase back into the aque-
ous phase

Spent fuel

Fual elements that have been re-
moved from the reactor hecause
they contain too little fissile ma-
terial and too high a concentra-
tion of radioactive flasion prod-

Subcritical

Submaring-
1

Stimulated emizsion

TFe 1 They AL
radicactive

Phyvsical process by which an ex-
cited moleculs is induced by in-
cident radiation to emit radiation
at an identicel frequency and in

missile [SLEM)

Tactical nuclear
Wedpans:

An assembly containing an in
sulficient quantity of flssile fuel
to sustain a fission reaction

A ballistic missile carried in and
subirmnari e

Nuclear capable devices as-
signed to support the conduct of
battles and loyed close to
likely areas of military engage-

Stockpile

tiom
MNuclear storage Also, the total
number of npuclear wseapons

which a nation maintains in stor-
age at all locations and potential-

Tails

T EmT

The depleted stream of an en-
richment plant or stage after the
enriched product is removed
Expressed as percent of U-235

Stockpile to target
S unnce

ty available for deployment

1 The order of evants involved
in removing & nuclear weapon
from storage, and assambling,
testing, transporting, and deliv-
gring it on the target 2 A docu-

Tampear

pleted  stream  from  weaniuns
milling

A heavy, dense material sur-
rounding the fissionable material
in an atomic weapon. for the pur-

ment thet defines the logstical
and employment concapts and

pose of holding the supercritical
assembly tugefhar longer by its
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inertia, and also for the purpose
of reflecting newirons, thus in-
creasing the fission mte of the ac-

Uranium-233

A Fissile isotope bred by neutron
capture in thorium-232 1t is sim-
ilar in weapons use to Pu-239

Targel

tive mailenal

Material irradisted with neu-
trons in a production reactor in
arder fo produce plutoninm-2349,
fritium, wvranium-236, plutoni-

Thermal neatrons

w2448, or wiher desieed zo-

Uranium-235

The anly naturally occurring fis-
sile isotope Mabural uranium bas
07 percent of U-235 BReactors
wse matural or eociched uranium
as funl Weapons use uranium
enriched to abwout 83 5 percent -

iopes

Low-enargy, low-speed neutrons
in thermal equilibrium  with
their surroundings Frequently,
neutrons with speed of 2200 m/s

Thermal reactor

A reactor in which the fission
chain reaction is sustained by
low-energy  [thermal) neulrons
which have been moderated 1o
thermal energy in order to ine

Thermonuclear
Weapon

Uranium-238

£35

A fertile isotope from wich Pu-
239 can be bred It comprises
a9 3 percent of natural uraniom

A 1.r|:|1.a:tlle cnmpuund nfuramum

1al]me solid at roam Iampamtura
and atmospheric pressure but va-
porizes upon heating, et 56 6 de-
grees [ Fesdstock in gaseous dif-
fusion, gas centrifuge, and other
enrichment processes

4
crese-teac o probabdbithes

A nuclear weapon [also referred
o as hvdrogen weapon) in which
the main contribution to the ex-
plosive anergy resulis from fu-
3

Uranium milling

The process by which uranium
ore containing only @ very small
percenfage of wranium  oxide
(U30) is converted into material
containing a high percentage [80

ion of ligh! nucled, such as dev-
ferium and ritium  The high
temperabures required for such
fusion resctions are cblained by
means of an initial fission explo-
slon

Transuranic [TRLT)
eleEments

Frandum ore
concentrale

Vitrification

to as vellowcake

11,0, often referred to az vellow-
cakn

The solidification process in
which high lewel waste is melted

A maturatty ooourring  isotope
from which the fissile isotope 1=
233 can be bred by neutron cap-
ture

Elements with atomic nuomber

Tritium

Warhead

with a frit fo form a glass

That part of a mizsile, projectile,
torpedo, rockel, or other mumni-
lion which containg either the
nuclear or the thermonuclear
system, high explosive system,

greater  than  wranium  [aiomic
number 92] They include naptu-
nium, plutonium, americium,
and curium

An isolope of hydrogen, with an
atomic mumber 1, atomic weight

War resenine
[ muclear)

chemical or hinlogical agents, or
inert materials, intended to in-
flict damage

Nuclear weapons materie] stock-

piled in the custody of the Do-
partment of or transfoerred

of ¥, and & muclous compooed of
one proton and two oewirons
Tritium decays by beta decay,
with a half-life of 12 3 yvears [t
can be produced by lithium-G
bombardment in nuclear reactors
rim the f n -

Weapons grade [or
wedpon-grade]

to the custody of the Department
of [dfense and intended for em-
ployment in the evenl of war

Muclear material considersd
most suitable for a noclear weap-

on_ Uranium_ enriched to sbout

clear weapons Represented by T
or H-3
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Waooden bomb

X-ravs

X-ray laser

Yalloweake

Pu-239  Weapons can be
fabricated from lower grade ma-
terial

A concept which pictures a
weapon as being completely reli-
ahle and having an infinite shalf
life while at the same time re-
quiring no special handling, stor-
age, of surveillance

Intermediate energy electromag-
netic radistion, typically emitbed
during atomic transitions, hav-
ing wavelength shorter than 10
billionths of @ meter Differenti-
ated from more energetic and
shorter wavelength gamma rays,
which originate in the nucileus

A laser producing a beam of co-
herent x-rays A device driven by
& nuclear explosion to produce a
burst of coherent X-ray radiation
bafore the device is vaparized by
the fireball

Thu product of the ursnium mill-

tminving-ahet-50

Yield

Yield-to-weight ratio

Yiald-to-volume
ratio

g PIrOCEss, Con
p-e-rv.‘:unt L0, Lu-nsal:.r. U0y it-

salf

The energy released in a nuclear
explosion, expressad usually as
the number of tons of TNT re-
lgasing the same amount of ener-
gy The total vield is manifested
as nuclear radiation, thermal ra
diation, and blast energy, the ac-
mal distribution being depend
ent upon the madium in which
the explosion cocurs, the type of
waapon, and the time after deto-
natiomn

The ratio of the yield to the mass
of a nuclear warhead Expressed

as Ki per kg or Mt per kg

The ratio of the yvield 1o the vol-
wme of a nuclear warkead
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Glossary of Abbreviations and
Acronyms

A ASD Aeronautical Systems Division
AASM Advanced Alr-Surface Missile ASDOP Assistant Secretary for Defense
Svslem Programs
AAD Argonne Associated Universities ASMN [RE & 5] Asgistani Secretary of the Navy
ABM Anti-Ballistic Missila m?“”h Engineering. and Sys-

ADM Alomic Demaolition Munition ASROC Anti-Submarine RIOC]ket
ABC Atomic Energy Commission ASTD (AE) Assistant lo the Secretary of De-
AF Alr Force fense [Alomic Energy)
AFB Air Force Base ASW Anti-Submarine Warfarae
AFGL Air Force Geophysics Laboratory ATE Advanced Technology Bomber
AFS Air Force Station L Spabia)
AFSC Alr Force Svstems Command - Advanced Toroidal Facility-1
AFRRI Armed Forces Radiobiology Re- " 8 FIERIE N SO Lo e o
seanch Instilute
AFWL Alr Force Weapons Labaratory AWST #;ﬁ];;ﬂrnlvrﬂﬂ:;l?;d Space Tech-
AGC Advanced Gas Centrifugs
AlS Advanced lsotope Separation B
Al Alurminum B Bomb
ALD Albuguerque Operations Office BCSE Boeing Computer Services, Rich-
Afn Adrericiunm land, Inc
AMAC Adrereft Monltor and Control Be Beryllium
AMC Army Materiel Commaand Bel} Baryllium Oxide
AMOCCOM Army armament Munitions and BhiD Rallistic Missile Defense
Chemical C[O]mmand BML Brookhaven MNational Laboratory
AMU Atomic Mass Unit BOAR Buresu of Ordnance Atomic
ANCA Army MNuclear and Chemical Rocket
Agency BPET Breeder Processing Enginesring
ANL Argonne National Laboretory Test
Ar Argon BWIF Rasalt Waste Isolation Project
ARES :I‘\d"-r&med Research EMP Simu. ~ BWR Boiling Water Reactor
ator
ARHCD Atlantic  Richfield Hanford C
L[Ujmpany CARL Comparative Animal HResearch
ARSTAF A[R]my S[TAF]f Laboratory
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CCo Counter[Clurrent Decantation NMA Defense Nuclsar Agency

i Californium I Department of Defense

CEFMO CentralScrap Management OF — DOE Department of Energy
fice DFS Decision Packoge Sets

CFX Californium Multiplia DRAAG Dasign Review And Acosptance

L Consalidated Culdance Group

CGN Nuclear powered cruiser DRP Defense Review Panel

Ci Curia DSARDC Defanse Systems Acquisition Re-

Cm Caurim view Council

oND &eﬁpﬂi@ for Nuclear Disarma- DsCs Eifnsn;;“i::ullllu Communica-

CNO Chisf of Naval O " D-T Dreevitesrivmm-"Tritiwm

co, Fachas Tasils [H1 Depleted Uranium

COE Chisf Of Engineers HWEE g'*'f“““ Waste Processing Facili-

CPDF Centrifuge Plant Demonstration
Facility E

Laa Lhiel of Stalt of the Army EBR Experimental Breeder Reactor

CuUp Cascade Upgrade Program EBT-B Elmo Bumpy Torus-B

CWVIN MNuclaar-powared aircraft carrier FCF Expended Core Facility

CY Calendar Year EGEG (Farmerly) Edgerton,

Gearmeshausen, and Grier, Inc

i) FMP Electro|M]agnetic Pulse

o Deutarium EMPSAC EMP Simulator for Aircraft

0,0 Denterium  Oxide  [“heavy  ENICD Exxon Nuclear Idaho C{O]mpany
waler") EOD Explosive Ordnance Disposal

DRy My DerSope gy R P

PAREA ﬁ;"ﬁ;ﬂ:‘ﬂ;ﬁnﬂd o S Enhanced Radiation

DENO Deputy Chief of Naval Opera-  LRAB Energy Research Advisory Board
thme FEHE

nCp Development Concept Papar menl Administration

DCSLOG Deputy Chief of Staff for ESDy Elsctronic Systems Division
L[OG]istics ETR Eastern Test Rangoe

DCSOPS I?-apuly Chief of Staff for ﬂ‘]:lﬂﬂ- eV Electron Volt
Wm g;_ EWD Energy and Water Dovelopment
erations, Plans and Readiness EWDA Energy and Water Development

DCSROA Deputy Chief of Staff, Research, Appropriation Subcommitive
Development, and Acguisition

DEIS Draft _Environmental Impact |
Statement F Fuel-grade; or Fluorine

DG Defense Guidance FBM Fleet Ballistic Missile
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FCDNA

FEI&

HEDL

Field Command Defense Muclear
Agency

Final Enviroomental Impact
Statement

Federal Emergency Managemeni
Agency

Fast Flux Test Facility

Fuels and Materials Fxamination
Facility

Fead  Materials  Production
Ceantar

First Production Unit

Formerly Restricted Thata
Full-Time Equivalents

Fiscal Year

Grium

Ganeral Accounting Office

Gas Cenirifuge Enrichment Plant
Caseous Diffusion Plant
Genearal Electric Company

Ground-Launched Cruise Mis-
sile

Government Ohwned-Contractor
Operatad

Dual-Temperature Water-Hvdro-
gen Sulfide Exchange

General Services Administration

Hydrogen
Hydrogen Oxide [“Water")

House Appropriations Commit-
e {see Chapter One, fooinote 49)

House Armed Services Commil-
tee [(sea Chapter One, foolnole 9)

High Explosive Application Fa-
cility

Helium
High Explosive

Hanford Engineering Develop-
ment Laboratory

208 Muckear Weapons Databook Vodume 1|

HEHF

HEL
HLOS
HLW
HP
HPD
HQ
HOMEG
HETC

HTGR
HTRE

HUMINT

ICEM
ICFP
i
IFPF

|1
IHE
INC
INEL

INFCE

o
IPNS
IRBM

I5PM
ISX-8

JAIEG

TA]

Hanford Envirenmental Health

Foundation

Highly Enriched Uramim
Horizootal Line Of Sight
High Level Waste
Horse[Power

Haorizontal Polarized Dipole
Head[Quarters
Head|Juarters, Marine Corps

Houss Science and Technology
Comimifies

High Temberature Gas Reactor

Heat Transfer Heactor Experi-
ment

HIUM]ars [[NT |elligence

Heavy Waler Resctor

Intercontinental Ballistic Missile
Idaho Chemical Procaessing Plant
Inside Diamstar

Idaho Fuels Processing Facility
[Now ICPP)

Inspector General

Insensitive High Explosive
Insertable Nuclear Componant

Idaho National Engineering Lab-
arabory

International Nuclear Fuel Cycle
Evaluation

Initial Operational Capability
Intense Pulsed Meutron Source

Intermediate-Rangs Ballistic
Missile

International Solar Polar Mission
Impurity Studies Experiment-B

Joint Aftomic Information Ex-
change Group

T A Jones Construction Service
Compeany



JCAE
1G5
TEG
TLRSA
JNACC
TPAM
ISAM

JSCP
|SFD

ISPS
JTA
JTCAMSE

KEH

Kg
K]

Kl
Kwh

LAMPF

LANL
LBL
LCTF

Lithco
LIS
LLNL

Joint Commities on Atomic Ener-
By

Joint Chiefs of Siaflf
foint Boonomic Commities

Joint Long-Range Sirategic Ap-
praisal

Joint Wuclear Accident Coordl-
nating Center

Joint Program Assessment Mem-
arandum

Jnint Sirategic Assessmeni Mem-
orandum

Joint Strategic Capability Plan

Joint Strategic Planning Docu-
et

Joint Strategic Planning System
Joint Test Assembly
Joint Ta|Cltic[ Al Missile System

Kilo- {1000)

Kaiser Engineers Hanford Com-
pany

Ellogram

Eillo[{Joule

Ewajalein Missile Range
Kilotons

Kilowati-hour

Los Alamos Meson Physics Fa-
cility [Mow Clinton P Anderson
Meson Physics Facility)

Los Alamos National Laboratory
Lawrence Berkeley Laboratory
Large: Coil Tast Facility

Lithium

Lithium Corporation of Americs
Laser Isolope Sepamtion

lawrencs Livermore MNational
Laboralory

Low Level Waste

Glossary of Abbreviations and Acronyms
I o e e —— T (T A L (. el O

LMFBR

LoAIS
L5l
LWHE

M
bt

MC
MED
MEMS
MeV
MFTF-B
rAIR
MIRY

Mk
MLE
MLIS

MMFP

Mt

MTU

MNATOH

MNAVMAT
NBC

Liguid Matal Fast Breeder Hoac-
tor

Low Altifude Defense Systom
Large Scale Integrated
Light Water Breeder Eeactor

Mater; million (10%)
Military Charscleristics
Manhattan Engineer District

Mission Elemenl Needs State-
el

Million Electron Valts

Mirror Fusion Test Facility-H
Major Impact Report

Multiple Independently target-
ghle Reentry Vehicle

Mark

Military Liaison Committes
Molecular Laser Isotope Separa-
tion

Minuote{M]an

Materials Management Plan
Monitored Retrieval Storage
Million Separative Work Units
Megalon

Metric Ton

Matrie Ton Uranium
Megawall

bMegawait-day

Begawalt [eleciric]

BMegawatt [thermal)

Meutron

Monproliferation Alternalive
Systems Assessment Program

Morth Atlantic Trealy Organiza-
tion

NIAV]al M|AT]eriel
Nuclear Biologicel and Chemical

Nuclear Weapons Databook, Vaolume || 209



Glossary of Abbreviations and Acronyms
L ]

NDH
NDEW

NORC

NI
MNERF

MNFS

il
NMC
NMMSS

NNPP

Np
NPR
NR

NRC

NEL

NSC
NS0

NS

NTS
NUMEC

WV
NWCF
NWEF

NWSM

0o
0

Muclear Dopth Bomb

Muclear-Driven Directed Energy
‘Weapons

Mational  Defense  Research
Council

Non|Destructive Testing

[Dak Ridgs) Natiopal Environ-
menital Research Park

MNuclear Fual Services
Manometer (109 metar)
Maval Material Command

Nuclear Materfals Management
apd Safeguard 5]

Maval Muclear Propulsion Pro-
B

Meptunium

Now Production Eeactor

MWuclaar powered Hessarch sub-
rmaringe

MNuclear Regulatory Commission

Watural Resources Defense
Crouncil, Inc

Naval Research Laboratory
Mational Security Council

Mational Security Decizion D§.
rective

BMational  Security  Decision
Memaorand wm

Mational Reactor Testing Station
{Now INEL)

Nevada Test Site

Muclear Materials Eguoipment
Corporation

Nevada Operations Office

New Waste Calcining Facility

Muclear Weapons Development
Cuidance

Maval Weapons Evaluation Fa-
cility

Muclear Weapons Stockpile
Memorandum

Oxygen
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oD
ODCSOPS

Ojcs
OMA
OMB

OMEST

ORAL

QRGOC

ORGDP

OENL
osD
CSRD

OUSDRE

PAL
PEFA

P

PDOM

PFM
FHOTINT
PNL

POG
PPBS

PSP
PSR
Pu
PullS

PWHR

Chutside Diametar

Office of the Deputy Chief of
Staff for Operation][5] and Plans

Office of the Joint Chiefs of Staff
Oifice of Military Application

Office of Management and
Budget

Dverseas  Muclear Emergency
Search Team

Dak Ridge Associated Universi-
ties

Dak Ridge Gaseous Diffusion
Complex

Cak Ridge Gaseous Diffusion
Plant

Ok Ridge Mational Labaratory
Dffice of the Secretary of Defensa

{Mfice of Sclentific Ressarch and
Development

Mfice of the Under Secretary of

Defenze for Research and Engi-
neering

Permissive Action Link

Particle Beam Fusion Accelera-
tor

Presidential Directive

Program Decision Memorandum
Process Facility Modification
FIHOtographic [[NT |alligence
Pacific Northwest Laboratory
Program CHficers Group

Planning, Programming, and
Budgeting System

Plasma Separation Process
Proton Storage Hin

Plutoniom

Plutonium Laser lsotope Separa-
tiom

Plutonium UIR|anium
E[X[traction

Pressurized Weater Eeactor
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Stand[O)ff Weapon
Savannah River
Short-Range Attack Missile
Savannah River Laboratory

Savannah River Operations of-
fice

Savannah River Plant

Nuclear-powared ballistic mis-
sile submarine

MNuclear-powered attack subma-
iri b

Simulation Technology Labora-
tory

Stockpile-to-Target Sequence
S[UBmaring R[] ket
Separative Work Uinit

Tritium; Tera- {1072}

4 SOwW
R Republican SR
R&D Research and Development SRAM
REOF Roceiving Basin for Offsite Foel SEL
RO&T Research, Development and SRO
Testing
ROT&E Ressarch, Development, Testing SRP
and Evaluation SEHRM
REEC Reynolds Electrical and Engi-
neering Compaty LR
RHC Rockwall Hanford Operations
E4 51| Reactive Metals, Inc STL
ERR Reduced-Residual-Radioactivity TS
KT Thermoeleciric Gonerator SUBROC
BV Reentry Vehicle SWL
5 T
s Second T
SAC Strategic Atr Command: or Sen-—— TAN
ate  Appropriations Committee
{see Chapter One, feotnote 9) A
SADM Special Atomic Demolition Mu- THE
nitiomn
SAF Secure Automated Fabrication TETE
SAGA Studies, Analysis and Gaming »
i TREAT
SAMTO Space And Mizsile Test Organi-
Eation TRU
SASC Senate Armed Services Commit-  TIR
tee [see Chapler One, foolnote 9) Ty
SECDEF S[EC]retary of DEF|ense
SEU Slightly Enriched Usaniam u
SHCBM Small ICBM u
LMD
SIGINT S[IGInals INT]elligence
als Special Isotope Separation UF,
SLEM Submarine-Launched Ballistic UF
Missile 5
; L},
SNL Sandia National Laboratories ¥ g
SMNLA Sandia National Laboratories at Os
Albuquerque U304
SMLL Sandis National Laboratories at UK
Livermore INH
SNM Special Muclear Material

Test-Area Maorth

Tactical Air-to-Surface Missile,
or Tomahawk Anti-Ship Missils

TrilBlutyl Phosphate
Tokamak Fusion Test Reactor

TiRAIning And D]0]ctrine Com-
mamnd

Transient Reactor Test Facility
TIR]ans[Uranic waste
Tonopah Test Range

Terawntt (1012 watls]

Uranium

Union Carbide Corporation, Nu-
clear Division

Uranium tetea[Fluorids
Uranium hexa]F|luoride
Uranium Dioxide

Uranlum Trioxide

Uraninm Cxide [“velloweake™)
United Kingdam

Uranyl Nitrate Hexahydrate,
UiD[N0,); BHO
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LINI
us
USACDA

LSNP

USDEE

LU55R

VLA
VLAI
YFPD

Linited Muclear Industries, Ine
United States

United States Arms Control and
Digarmament Agency

Under Secretary of Defensa, Poli-
cy

Under Secretary of Defense for
Research and Engineering

Union of Soviet Socialist Repub-
lics

Vertical-Launch ASROC
Very Large Scale Integrated
Vertical Polarized Dipole

Warhead, or Weapon-grade
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WCF
WEC

WHC

wirp
WPPaS

Waste Calcining Facility

Westinghouse Electric Corpora-
ko

Westinghouse Hanford Compa-
ny

Waste Isolation Pilot Plant

Washington Public Power Sup-
ply System

Weapon Deslgn and Cost Report
Waestern Test Range

Year

Zern Pooweer Plutonium Reactor
Lero Power Reactor
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Aberdaen Proving Ground, MDD, 54, 58, 113
Acid-leach process, 123
Advanced mos contriiuge (AGC), 130, 132
Advanced Research EMP Simolator [ARES) 52
Advanced Technolegy Bombar |ATE),. 111
Agrndynamic processes, nranhum enrkchment, 125
Helikon, 135
Jetl nozzle, 134-35
Awroneubical Systems Diviskon [ASD], 110-11
AESOPS simolalor, 53
AFWLLos Angeles Elactromagnetic Calibration and
[nstrumentatben System [ALECS), 52X
Agreemeni Betwean the AET and the DD for the
Devalopment, Production and Standardization of
Adoanic Weapons, 10406
Adr defanse infrastructure, 19
Alr Foree
Ballistic missile program, 17, 18
Contral of atomic force, 15
Custody of nuclear warheads, £
EMP simulators, 52
Muclear weapons acguisilion responsi bilifins, 1710-11
Muclear woapons laboratory, 32-33
Resaarch laboratories, 5
Simulated bomb-drop tests, 31
Test fucilities, 56
Warheads used by, §
Alr Forcn Flight Test Center, Edhwards Air Foroo Basa, A, 58
Air Force Geophysics Laboradory, MA, 54
Air Force Logistics Command, Kelly Air Force Base, TX, 111
Air Forie Svstems Command [AFSC), 110
Air Foroe Winapons I..lbuhtnr_l,' |AFWL], 110, 111
Funclions, 32-33
Nuclear weapons elfects simulation, 52, 53
Air-to-air missiles, 19
Albuguenpes Opsrations Offee (ALY, 119
Aldridgs, Jack P, 1390
Alkaline-leach process, 123
Allpn, Thoomaos H , 7in
Allender, | 5, 6Un, 676, 71, 84n
Allisd Gemaral Muclear Service, Barnwell, 3C, 139
Armarillo, TX, nuclear warhead sssembly plant, 13
Amarican Polash, 91
Amas Laboratory, Toewa State Undvarsity, 31
Mnderson, Oecar E |, Je | 40, 260, B2n, D000
Antt-Submarine Rocket (ASROC), 43, 113
Anti-Submarine Warfare [ASW), 15, 19, 56
Anvil, Cporatfon, 171
Arbar, Opertion, 170
Argonne National Laboratory [AMNL], IL, 31, 78n. 139
Argus, Operation, 158
Arkin, Willlam M . 400, 580, 100
Armad Forces Radiobiology Resaarch Institute [AFRRI), 52
Armed Forces Speclal Wespons Projact, 2, 13
Arms Control and Disarmameant Agency, 106
Army
AT deployment, 19
Artillery firimg tests, 31
Ballistic missile developmeant, 17
Nuclear weapoms acquisition responsibélities, 111-13
Muclear weapona loborotory, 33, 3%
Ressarch leboratories, 5
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Shorl-range missiles, 15
Warheads wsed by, 5
Acmy Armmament Munitions snd Chemicol Command
[ ABCOOM), 112
Arnty Balllstle Reseasch Laboratory, Absrdesn Proving
Ground, M, 113
Army Materlal Command [AMC], 112-13
Army Missile Command, Hedstone Arsenal, Hundsville, AL,
13
Army Muoclear and Chemical Agemcy (AMCA). 33, 35, 112
Army Pulse Radiation Facility, Ballistic Research Laboratory,
Aberdecn, MUY, 54
Army Walerways Experimenl Station, Vicksburg, M5, 54
Amnld Engineering Developmant Centar, TH, 56
Artillery-fired atomic ponjectiles, &6
Ashitabolo, 9L uranium procossing facility, 13, 37, 68, 93
Asslsland Secretary for Defense Programs (ASDP], DOE. 115
16
Assiztant Sacretary for Muclear Enargy (ASNE], DOE, 1168-19
Aszsiztant to the Sacretary of Dafense, Atomic Energy |ASTD-
ALY, 107, 1068-08
Atkinson, Rick, 46n
Atlantic Undersea Test and Evaluation Center, Bahamas, 36
ATLAS DL E, and F ICHMs, 18
Atmospheric conditions, simulation of, 54
Atomic Demoiition Munition (AD], 15, 1%
Alomic Energy Act of 1946, 13, 79, 100, 107
Alomic Enmrgy Act af 1954, 13, 100, 146
Atomic Energy Commission (AEL), 50
Agreement with DOD for atomic weapons development
ani produwction, 14
Ballistic missilas :_lr.l.rﬂlnpmnnl, 17
Custodial responsibilities for nuclear warheads, 2, 3
Establishment, 1010
Milifary Liaison Committes (MLC), 101
Rebetlding the Wa7? stockpile, 49
Uranivum production, 78
Urranium ore purchases, 7980
Momic Esemgy Defense Activities, DOE budget, 21
MAtomibs Emargy of Canada, Lid [AECL), 90
Adomde Vapor Laser [sotope Separation (AVLIS] process
Descrited, 96, 131-32
MLIS process versus, 82, B7, 133
AURDERA facility, White Oak. MD, 53
AUTOVOMN communication switches, 53

B-36 bomber, 15, 16
B-47 bomber, 15
B-532 bomber, 15
Babcock, O F, Gim
Babcock and Wilcos, 71, 146
Bacher, Robert F, 1010
Hallay, Charles W, 111, 26n
[Eall, Desmomnd, 1tm
Ballistic missile defense [BMI), 55, 111
Fiallistic missiles
Development, 17
MIEVing of, 19
Baneberry, shot, 45n
Harksdule Air Force Base, LA, 111
Hattlefiold delivery systom, 23
Haams, | W, 130
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Beary, M M , 871 Cormmunication aad control systems, 21

Bedrock, Chperation, 170-71 Comsant, James B, 1010n

Belvalr B&LD Cenler, Fort Belvoir, WA, 113 ﬂl:'lllgn:l-: Ses House of Representalivis; Coniate

Benedict, Manson, 1220, 1330, 1340, 1380, 142n Congrestional Joint Committes on Atomic Enengy, 13
o Beppdn, Mdan B The £ i E it

Benjamin. B YW . 62Zn. 88n, 900 Conlractirs operaling nuclenr woeapons lacilities, 45, 146-50

Bornstein, Barton |, 16m CORPORAL short-runge missile, 15

Bertrandity ore, source of berylllum, B2 Countercurrent decantation (OG0 circelt, 123--24

Bertach, Kanmeth A | 5n Cresget, Cparalion, 171

Beryl, B2 Crossronds, Operalicn, 42 44, 151

Beryllium, 38 Crossiie, Operation, 167648

1 rl'tl'l‘lq.;,un.u_u.qLLLp.n:l.mL_EH

Inwentories, 92
Processing and mamwfacture of, 38, 40, 91

Hathe, Hans, 160, 1310 Dana Plant, Newport, [N, heavy walor produclion, B8
Battis Atomic Power Laboratory, Pitisburgh, PA, 71, 119 DNawid W Taylor Mival Ships Heseasch and Developroemt
Hikini Argll, 42, 43 Center, Carderock, MDD, 54, 114
Bismuth phosphate process, 70, 134 Decisionmaking structurs, nuclaar warhcads
Bodash, Lawrenee, 26n Congressional, 119-20
BOMARE surface-fo-air missile, 19 Documents relollng o, 102-04
Homber gap. 19 CHOHD, 10715
Boskma, Peler, 1394n JE, 11518
Bowe, Hartley, 10in MNational Security Council, 106
Bowen. Lee, 16mn, Gin, S90n, 1830 Mfice of Managamoent and Budgel, 106
Bowline, Operation, 168 [Hilce of Subence and Technalogy Policy, 106
Fravo shot, 16, 42, 6in Pradecessor organieations, 1003
— Hrickodde, F G, 060 Sfafe Department. 106
Brond, Willinm | , 240, 30mn Dhefenan Guidance (M), 103
Broider, Hedbert P, 26in Defense Muclear Agency (DNA]
Brookhaven Nalional Laboratary [BNL], Long Island, NY, 21, Muclear weapons decisionmaking responsibilities, 108-10
az, 148 Weapons effects simulation, 51-52, 54
Browmn, ."'mﬂmu'_l.' Cave, 26n 'I-"r'aapm'aa offects tests, 44, 46
Hrush Beryllium Company, 21-02 iz Hoffman, Federic, 16n
Burdget ; 1
Atombc Energy Defense Activities, 197884, 21 Agreament with AEC for atomic weapons development
Warhend production and modifisation, 1986, 12 and production, 13
Bundy, MeGeorge, 160 Expenditures on nuclear delivery syslems, 2
Burean of Ordnance Alemic Rocket {BOAR), 15 Muclear warkead Iq,:spt_insihl:lil:l:ru:, Z, J=d
Burl ngton, 1A, warhead agsembly plant, 13, 19 Murclanr weapons acguisition decisionmaking, 107;
Buster-jangle, Operation, 152 Assistant o the Secotary of Defenss (ASTD], 1008-
Cabot Corporation, 92 Stafl, 10%; Military Liaison Committes, 109, Office of
Calutron isotope saparator, B1, 125 thir Secretary of Defense (OS50, 107-08
Camphell, Bob, 410 Buclear weapans decisionmaking documents, 10204
Canada, heavy waler production, D0, 142 Muclear Waspons Efects Program, 52
CANDL, T8, 142 Muclear weapons reguirements, 13
Carter administration Organizatinn Im mu:luu weapons reapons|bilities, 114,
_ Creation of [MIE, 104 115:
Muclear waapons program, 20, 21 115-16; hsslulunl Secretary for Muclear Energy
NWSMs, 31, 02, 104 [ASNE], 118-19; Depuiy Asaistant Secretary [or
CASIND facility, White Daks. MO, 53 Intelligence, 118; Deputy Assistant Secretary for
Giastie, Opemtion, 16, 6o, 154 Muclear Materials, 116—17; Deputy Assistant
Calegory 1 PAL 421 Secretary for Securlly Affalrs, 117; Oparations
Caudle, Ralph E |, #4n Offices, 119
Charialerr, Operation, 17576 Tiat sitas, 12
Chemex process, 134 Warhead Jaboratorles, 26, 32—33
CHEVALINE, 65 &ae also Air Force; Army: Marine Corps; Mavy
Chicage Pile (CP-1), 59, 135 Departmeant of Defense/Department of Energy, [oint noclear
Chief of Maval Opamtions (CMO], 113 warhead planning procedures, 102
Clarksville Center gnsoows diffusion plant. TN, 19 Aproemonts, 10406
Climbon File (1 M), 549, 135 Docwmants, 10204
Cochran, Thamas H 40in, 8o, Tan Biudias, 32
— Cmhen, Samuell Deparmment of Energy TDOE]
Cald War, 13 Atomic Encrgy Defansa Activities budgst, 21
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Budget, FYBE, for nuclear warhead production and
modifications, 12

Civilian breeder resctor research and development
program, 35, 76

Contracts with corporations for GOCO facilities, 146

Defense Program, 75, 42

F:upﬂndiln.n-.u o nuchesr ﬂt:li'-'-l‘:i‘:.r syslems, 2

Five-year plan for warhead production, 20

Fusion R&D progrun, 77

Mucloar warlead .‘H'tl-].!.l.l!!ihili:tlll.'!, 34

Muclexr weapons decisionmaking documenls, 102-04

Dperaling prtiuction reactors for plutoniom and tridum,
B

Hesearch and test mactars, 72
Research for MIHW, 24
Spent Muel procesaing, 71
Studies on extendlng M-Reactor lifathme, 59
Uraniwm enrichment plants, B4—B5
Uraniwm inventories, 84
Warhead production facilities: for components, 3718,
laborelories, 26—32
Departmant of Energy Organization Act, 102
Deputy Assistant Secretary for Intelligence, DOE, 1148
Deputy Assistant Secratary for Military Applications, DOE,
11k
Deputy Assistant Secretary for Nuclear Materials, TOE, 116-
17
Deputy Assistant Secratary for Security Affairs, INE, 117
Deputy Chief of Staff for Logistics {DCSLOG), Army, 112
Deputy Chicf of Staff, Operations, Plans and Readiness
([CE0PS), Adr Foroe, 110, 111,112
Deputy Chief of Staff, Research, Development, and
Acuisition [ESEIAY, Air Foror, 110, 113
Deputy Chiefs of Maval Operations (DENOs], 1713
Diesign Beview and Acceplancs Growp | DHEAAL, Air Foroe,
110, 112
Dearerivm (I3, 5, 58, 116
Combined with lithiwm, 91
Described, 86
Far fission weapons, 16
For fusion reaclars, 142
Thermonwclear fuel, 18
Deterivm-tritium (D-T} mixtuee, 16
Development Concept Paper (DCP], DOE, 105
Dhareond Sculle shot, 54
Dminie |, Operation, 18062
Dominie I, Operation, 162464
DOVE, ER concept, 23
Dy roosms, for Lithiuwm-6 deuteride production, 91
Dal-Temperatura Water-Hydrogen Sulfide Exchange Process,
1432
DuBridge, Les A . 1000
Dugway Proving Ground, UT, 56
Dukes, E [}, 620, Bin, 90n
Dumnean, Francis, 4n, 16n. 270, 70n. 1830, 16840
DuPont de Memours, E | & Co . 880, 147
Dynamic lsotope Power Syslom program, 119

Eagle Picher Industries, %1n

Eastern Test Hange (ETR), FL, 12, 65

Eisenhower, Dwight I, 3, 17, 23

Eleciromagnetic pulss [EMF), 23
Effects simulalion, 52-53

Electromic Systems Division (ESD], 111
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Elwem, Boelie, 1340
Emery, Chsesation, 169
Employment, nuclear warhead production
AEC 13, 14
O todal fecilities, 197465, 38, 40
Muclear materials facilities, B3
EMP Radlation Environment Simulatos for Ships (EMPFRESS),
a2, 53
EniP Simulator for Alrceall [EMPSAC), 52-53
Energy Reseurch and Development Adminisieation (ERDA] 2,
102
Energy Reorganization Act of 1974, 101
Enewetak Atoll. 18, 26, 42
Enhanced radlation (ER) weapons, 21, 23, 86
Enriched Uranium Converslon Facility, 78n, Fin, 84-85, 154
Enviranmental effects, muclear detonation tasting, 52
EXCALIBUR x-ray laser device, 23
Expemditures, nuclear warhead, 2, 3, 13
Experimental broder reactor (EBR], 590
Experimentsl Gas Cooled Reactor [EGCR]. 1850
Experimental Organic Cooled Repctor (EOCHE], 1850
Explosive ordnance dispoaal (EOD), Indisn Head, MID, 115

Facility Bestorution program, nuclesr materials production,
L2 ]
FALGIOM mir-to-afr missile, 18
Fast Flux Test Facility [FFTF], Honford Beservation
Depositery for fuelgrade plutenium, 86
Fuel for, 76, 97
FAT MAN warkead, 14, 42
FH-111 hombaer, 31, 34
Foed Materials Production Center [FMPC), Fernndd, OH, 37,
69, 93, 126
Fermi, Enrico, 59, 1000
Fernald, OH
Feed Baterials Produclion Cenler, 37, G, 93, 125
Uraniom processing facility, 13
Ferrel, John E |, 9in
Fieldlhouwse, Richard, 1001
First Production Unit [FPL), warhead lije cycle, 12, 105
Fissile malerials, 15, 138
Crenoern over shortoge of, 20
Corroslon, 47-48, 50
Sew also Fissionable matarials
Fiasionahle matarials, 58, 138 See also Fissile materials
Fiasion warheads, 16, 26, 38
Five Year Defensa Program (FYDP), 103
Fleat Ballistic Missile submarine. 14
Flintleck, Opamtion, 16566
Foote Chemical Company, Exton. PA, 91
Formerly Restricted Data (FRIY, 101
Foster, lnhn 5, Jr, 20n
France
Chemical enrichment technology, 134
Production reactors, 135
IS exports of uranium o, 183, 190
Froak, jnl'm. 4in
Fuel cycles, 58
Basic steps In, 87
Hanford, 70
Maval, B, 70=T4
Savannah River, B7-70
Fusel processing, 70
Acid Tharex mathod, 140
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Bismulth phosphate method, 139
PUREX method, 138, 13940
Redox method, 139
Steps in. 141
Folcrum, Operation, 171
Fusilesr, Operafion, 174-75
Fusion materials. 5 See glso Deuterium: Lithium; Tritiem
Fusion power reactors, 77, 142
Fusion weapons See Thermonuclear weapops

Gas mnlrifl_lgﬂ procass, 130-31
Gas diffusion process, 128-30
Cageous diffusion plants [GOPg), 13
Chutput, 18, B2
Power consumplion. 128
“Urnninm Enrichment ﬂnmphe:l:," a6
General Electrie Company, 71, 116, 139, 1448
General Services Administration, Hithiom hydroxide siock, 51
CEMIE air-to-alr rocket, 19, 41
Geophysics, research and advanced development in, 111
Gilbert, F C . 730, 76n, 900, 96n
Girdler-Suifite [GS] process, 14041, 142
Glannon, T Keith, 950
Glannon Repost, 95
Glines, Carl, 41n
Gold, @2
Government owned-contractor eperated (OO0 complos
Activities, 5
Corporations providing support, 14650
DO contracts for oparations with, 146
Facilities, 12
Land ares, 5
“Gravel Gertie™ warheod assembly cell, 30-41
Green, Harold P, 10in
Greenhouse, Operation, 16, 152
Grenadier, Operation, 175
Grommet, Chperation, 165970
Groves, Leslie M, 130, 140, 266, 100
Guam, 2
Guordien, Operation, 172-73

Hanford Engineering Development Labaratory (HEDL), Wa,
Eh |
B, [}, and F-Heaclors, 58, 135
M-Eracior: oparslions hiuln-:lj'. 89, RO, 81; power oulpod,
Bifi; production histocy, 85; uranivum for, 0, 164
Plutonium production, 3. 36; Tual-grada, 85, 86, 76;
weapon-grade, 75, 76, B3
Projected tecminalion of, 24
Proposed 515 plani at, 24
Trltiuem productien, 36
See also PUREX plant
Hardiack I, Operation, 157-58
Huardtack I, Operalion, 158
Harry Diamond Laboratories (HOKL], Adalpht, MO, 53, 113
Hawkins, Devid, 26n
Heap-leaching process, 12425
Heavy watar, 54, b6
Exports and imports, 50
For fusion yield warhiaads, 00
lsotope separation process for concentrating, 86
Production, B9, 90, 14143
Production reactors, B8
Sales and inventories. 89, S

Sew also Savannah River Plant
Heavy water reactar [HYWR), 58, 95
Hewlett, Richard G, 4n, 160, 26n. 270, 70n, $2n, 100n, 1830,
1H4m
High explosive (HE) warhead components, 40
High-lawel waste (HIW], 70
Highly enriched uraniom (HEL, 5, 31
Demand Tor, 78=79
Exporis, 72=73, 187
Gaas centrifuges for, B2
Inventories, T, 74, B384, B6, 167; reduced by fuel
requirements, 18891
Pricessing oparatione, sarodynambe, 134-35; AVLLS, 131
12; capacily, 124; cascade, 126-28; chemical
entichment, 134; ges contriluge, 130-31; gagecus
diffusion, 128-30; materiala balance, 125 MLIS,
133-34: plasme separation, 133—34; separatkon
[actor, 126; suparation work, 126, 183, slage, 126,
128
Production, 36, 58, 82, 85
Furification. B4
Recovery, 67, 64, 71
Requited for SRP reactor operations, 60
Sources, TE-73
SWUI measure for, B2, 85
Trensporiation, 41, &9
Ulses, 36; by naval reactor, 71; for nuclear tests, 187, 191
Weapons-grode, B1-86, 187-1
High Productivity Cores, 84
High temparature gas reactor (HTGR], 9%
Hill. Jomes H , #&n
Hiroshima, 14, 15, 26
Hirschlalder, foseph 0 | 260
Hodal, Danald Paul, 230, PR, 95n, 960, 1876
Hoenig, Milton M , 40n, $4n, 183n
Hogarion, John F, 780, 880, 900
HOMNEST MHM shl;lrl-]'.uln: missibe, 15, 111, 113
Horlizantal line of siah', [HLOS]) pipe, 46
Horizoatal Polarized Dipole (HPD), 52
Houge of Representatives
Appropriations Committes, 120
Armed Services Comemittes, 20, 120
Human Intelligence [HUMINT], 118
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