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HIGH-VALUE USE OF WEAPONS-PLUTONIUM
BY BURNING IN MOLTEN SALT ACCELERATOR-DRIVEN
SUBCRITICAL SYSTEMS OR REACTORS

CHarLEs D. BowMmaN AND FRANCESCO VENNERI
P-17. MS H-903, Los Alamos National Laboratory
Los Alamos, NM 87545 USA

ABSTRACT

The application of thermal-spectium molten-salt reactors and accelerator-
driven subcritical systems to the destruction of weapons-return plutonium is
considered from the perspective of deriving the maximuni socictal benefit.
The enhancemient of elextric power production from buming the fertile fuel
22Th with the plutoniuni is evaluated. Also the enhancement of destruction
of the accumulated waste from commercial nuclear reactors is considered
using the neutron-rich weapons plutoninm. Most cases examined include the
concurrent transmutation of the long-lived actinide and fission product waste
(™ Tc, "1, "™Cs, "Snand “Se).

All of the fission systems considered are sized at 3000 MW thermal
and arc assumed to burn 1200 kg of actinide per year to produce this power.
The annual waste actinide production from commerciial power reactors is
assumed to be 300 kg. ‘The following options for burning 1(¥) tonnes' of
weapons plutonium in 30 years emerge from this study: (1) build ten reactors
which derive /4 of their power from weapons plutonimm and 3/4 from fission
of thorium, (2) build four reactors which burn the weapons plntoniuni mixed
with the actinide waste from six connnercial nuclear powerreactors, (3) baild
ne sub-entical accelerator- driven systems which burn the weapons pluto-
mnm imd trimsmute the waste from 25 connnercial nuclear power reactors,
aind (4) replace all existing 1L.WRs at the end of their life with aceelerator

Inven systems which destroy the plutoniom imd all long-lived LWR fission
product waste. Options (1) and (3) were found to be the most attracuve.
Option (1) provides the greatest energy benefit from the plntonimmn. Option
() makes use of the plutonium Gmd the high enrichment urimnum) to destroy
all the higher actimde and long lhived fission product waste from U.S.
commercial powerreactors, The teclmology desceribed here also can be nsed
for production ol "mnlimited" nuclear energy from thorium in a suberitical
system with the concurrent destruction of waste so that the objectives of
fusion teclmology development, (1) "unlimited power, (2) suberitical sys

tem, and (3) no long-term ngh-level waste can be aclneved with straghtfor
winrd extensions of fission technology.



INTRODUCTION

The Los Alamos National Laboratory has been studying for several years® accelera-
tor-driven subcritical systems for commercial nuclear waste transmutation and
nuclear energy generation from thoriuin with concurrent transmutation of the iong
lived waste actinide and fission product. The accelerator performs the vital function
of supplying the excess neutrons to the nuclear system necessary for transmutation
of the waste. Inreactors the neutron cconomy is not adequate for this nnless enriched
U or "Pu are used 1o supplement the ncutron cconomy. This is inipossible for
nuclear power over the long term because it leads to a rapid depletion of the U
resource or of the *Pu which is ultimately derived from the 2*U. In addition the
accelerator allows the system to operate at high power in a subcritical mode which
climinates the nuclear run-away accident most feared by the public. A study of the
design parmneter space for practical implementation of these accelerator-driven
systems has identified the molten salt system studied! at the OQuak Ridge National
Laboratory as the most practical means of deploying this technology.

In the meantinie the disposition of weapons-return plutonium has becoine in
issuc of international concern as the dismantlement of warheads in the FSU and in the
U.S. has begunto be seriously considered. Concerns about weapons plntoninn have
also led to the beginnings of a reevaluation of the danger of the plutonium in
connuercial spent fuel. The amount of plutoninm in spent fuel in the world is nich
Larger than the mnount of weapons plutonium. 1t a dangerous imclear weapon could
be produced with 20 kg of commercial pIntonium, the present world-wide inventory
would allow the constrnetion of 75,000 of these nuclear weapons. In the 15-20 years
before repository storage or other means for handling the waste 1s developed, the
nuviber of possible weapons would grow to 150,000, The storage of this material in
geologie repositories does not eliminate the possibility that this material might be
reinoved for malicious purposes during the millions of years that this material or its
daughters possess the features allowing the construction of nuclear weapons. A
recent French study? has Inghlighted this concern and has urged the expenditinre of
asmuchetlorton the study of mcians for destruction of the plutonianand otherreactor
spent fnel actinides higher actinmdes as exists now in studies i that country on the
peologie storape of spent fuel.

It the actmide were destroyed, the need for geologic storage of this material
would be elimimated were it not for the long-lived lission product which remains,
Destruction of this component of the waste also, it done to the level of i 0.1% or
suitier renmimt, would further greatly rednee the danger from storvage. Amationneed
no lorper seanchont the single very bestsite mits geology, stndy it with great care,
spend Lpe snms to ontfitat, and then himl this materal perhaps thonsinds of miles
totlns smple bestsite. Withthe reductiono! the radioactive species by a tactor of 1000
or more, the material might be made sutficiently benign that it cin be placed mnear
sirtace storape mmany sate places. Theretore, for example, in the ULS, asite could
he located m ahnost every state. terstate tamster of the nueleir waste would
become mmecessary ad the federal governmment mnght get out ol the siting and
development of peologic repositories and imterstate waste transport, tallhmy back to
the more appropriante role of licensing, “The nuelear power industry wonld receive an
cnonnans boost from the transnmtation of commercial waste to the point where low



fevel “local™ rather than ngh-fevel “eentral” storage were reguired.

The ann of the trimsmutianon program described here is to trunsmute the
weapons plutoniuni. the conmercial actinide waste including Np Pu, Ami, Cm, ete.,
and the long-lived fission product sufficiently well to reach the above objective. The
cost of transmutation is obviously of great concern in terms of practical deployment;
the cost is greatly reduced if the energy produced by fission of the actinides can be
captured and transformed to clectric power with a highthermal-to-clectric efficiency.
The implementation of the accelerator-driven molten salt technology was chosen
because it offers the prospect of a technology which is both practical and cost
effective. The economicsof the systems is greatly improved in nost scenarios by the
inclusion of thorium for the fission energy that can be derived from the Th-U cycle.
A bricf description of this system follows. The performance of this system is then
summarized in asingle fignre for the full range of deploymient options. Four of the
most favorable deploymient options are then identified and discred.

TRANSMUTATION TECHNOLOGY DESCRIPTION

The transmutation concept described here referred to generically as accelerator
transimntation of waste (ATW) operates by providing an intense therinal nentron flux
to bum fissile material and o transiute both fission product and any derivative
actinide materials rapidly with enhimeed satety owing to suberiticality and a low
inventory. When a medium energy intense beimn (50- 100 mA average at 500 10 1000
MeV)of protons or deuterons interacts with a spallation target, about 25 fast nentrons
are produced for cach proton. A surronnding graphite blanket slows the neutrons
down to thenual energies ind they induce fission in the “fuel™ that is cirenlited
through the blanket. The systen design is required to have no possibility of a self-
sustained chain reaction. Fluxes as igh as 5 x 10" w/cur'-s can be achieved in the
blanket volume with a neatron multiplicaticn of 20 or equivalently with an effective
reactivity factorof K, = 0.95. Becinse of the extra power to operate the aceelerator,
which might be as muchas 20 Y of the electrnical power generated in these systems,
the power conversion efficiencies mustbe made as Large as possible. Molten salt fuel
systems canoperate at Ingh temperatures withont degradation of the flowing material
nsing structural matenals with demonstrated veey low corrosion rates, and with the
valuabte safety i engineermg feature of very low vapor pressire. As i conse
quenee, im exceedingly valnable feature of the salt is the high thermal to-clectric
conversionefficieney ot abont 40 "4 which allows the simne netelectrie power output
asalower efhiciency conventional LWR operating, at the sine fission power in spite
of the power drinn for operating the accelerator. The molten Hhoride salt 1il* Bels,
used m the Oak Ridge Molten Sah Reactor Experiment™ (MSRI1) that operated for
five years i the Late 1900's appem s to be the best candidate carier salt for the actinide
and fission product finonde salts.

The most promising desipn coneept nses iomolten Ll el salt tirget
surronnded by a urmitim layer lor conversion of neutron Kinetie energy into
additional neatrons, This nentron generation part of the assenbly s smronnded by a
praphite moderated muliplyig: blanket . The system s shown schematically in
Fipure 1. The saltmramum tirget allows efficient nentron production ind low
parasilic neatron absorption because ol its small size and the presence of the
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Fieure 1. Functional lavout of the molten salt ATW blanket target assembly

strromndatg hssion product transmntation e gion. Siee the protonor denteron bein
mteracts by wats the il Belsalt, the tget produces Tew waste prodncts.
The same molten alF Belshat consumies the tnget salt also cmnes the
plntommm s the thiornm fnels as fhondes. the motten saltcienlates throwgthea
bed ofreaphite spheres wineh consttnte the nentron modeeator and nto mtermediate
(saft 1o salty heat exchangers wineh e sufnnerged o the tink contimmng the satt
Thornmn brecdmyg ad the bulk ol tie powsr penceration ocenrs waith thus salt wineh
v teretore at the same time tiepet, tnet, aond fieat exchangmge thod. The hission
products, isolated tor uansimtation tnonygh processigs ol asoatl ship streann, ine
ploced e specrat lugh Huy regons st ontade the none pomon ol the tnget,
Ounce the Tnehis mhie bhanker, the only preacessoabiat hasao be pertanmed nnoee
o fess contmmansty duvig power production s the separation ol hissaon prodicets
from the tnel. Atingeh nennon Hux s winehns assocuned wath fow aventory, fission
products st be separaed apidly o avord dewcnmrmon ol the fuel’ s weactivay,
Contumons on fine processimg o the hgd el makes ths possible. Sepananon
provcesses e desued that avourd extemal waste stenns (solvents, catafysts, aid
teagents) wineh conld becomne part of the vadhoacnve waste st Phyacal
chemnstry processesine Eavored, whieh nugeht perfornnthese sepaations by fractional
evapormon, preaipitation, ciectiolysas, solmbihity and centiinganon®. Vatante s
st produet finondes wontd e separated foomatue et oo be b spaneag:



SYSTEM PERFORMANCE:
A design of this system with realistic dunensions, power densimes, hgmid flow raes
and heattransfer rates has beencompletedusimg imaterials compatble with the motien
silt as estabhshed by the MSRE at OQak Ridge  The peclonmance of tins system as
been caleulated by a Monte Carlo system allowing arbitrary geometry mud cnerpy-
ditferenual cross sections and ncutron flux so that resomance siructure can be 1aken
into account m detinl. The code Los Almnos Fhgh Encrgy ‘Pransport (£ AHET) has
been used to transport the protons and to caleulate conversion o neurons. This code
is coupled to the code MCNP whiich allows the detanled calcutanion of the neutrone
perforimance of the system. An imtiat loading of material is followed by successive
Monte Carlo calculimions through chimges in composinon (as the Ingher actinides
build-up) and through the accompianying changes in the neatron spectral shape unul
cquilibninn s reached.  ‘The calculations take mto accound the flow, by neutron
capture and by decay. though 33 nuchides between” Thand L. Because the lignid
fucl allows constimt removid and replenishiment of the salt constituents, a irue
equiiibrivam may be established mcontrast toathe situation with sohd fucled systems.
The nsual properties of the systemm are calcukued mceluding K., temperature cocffi-
cients, cle.

1tis well known than the 'Th-U cycle s superior to the U-Pu cyele forthermal
spectrum systems and this is confinmed by these caleulanions. Morcove -~ study of this
and related designs shows that their neatrome and overall performance can be
cnlamced with the mcluston ol thorum m the system and the generation of the major
portion of cnergy from the Th-U cycle rather than from the Tission of plutoauam or
other ligher actimde wastes. “Fhe perforiimee of these systems s simnanzed
succmcetly m fgore 2,
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Figure 2 l'erformance of carious aceelerator driven plutonium birners




Iigure 2 showsk,, vs the fractionof Puina('u+thyfeedto asystemoperating
atapower ol 3000 MWt which imay be baming commmnercial waste. All of the actinide
fed to the system from any source is fissioned i the fission products ‘T'e. 1, Sn, Se.
nd "PCsare tramsmuted so thatengineered near-surface storage of the remnant waste
is practical. ‘The three curves with data points show the performance under the
conditions of burning, along with weapons-return plutoniumn, the plutonium, higher
actinide and fission product waste from commiercial spent fuel. The curves refer to
the rimsimutation of the waste in this system operating at 3000 MWt from two, one.
or zero LWRs which also operate at 3000 MWL 1t is assumed that a 3000-MWt
system of any type fissions 1200 kg of actimde per year. It is turther assumed that a
300M)-MWt LWR produces a total of 300 kg per year of Np, Pu, Am, Cin, cte. The
abscissais the fraction of weapons plutonium in the thorium plus weapons plutonium
feed. The ordinate is kg, @ horizontal line is drawn at k., = 0.95 which is probably
a practical operating value for the ATW systeimn, It allows a high neutron imnltipli-
cationand yet is far enough froni nnity to gnarantee that the systen never ¢an become
critical. We illustrate the use of tlhis tigure with two examples.

Example |
If we wish to operate at a k, = 0.95, imd to burn the weapons-return
plntonmium along with the waste produced per year from two LWRS, we idenufy the
K. = 0.95 hne amd move across until itintersects the two LWRs/year enrve. We find
there will be about 40% pintonimmn in the (Th + 1Pu) feed. For a 3000-MWt system,
600 kg of the 1200 kg of actinide fissioned will come from the two LWRs (300 kg
X 2 =600 kg). ‘Therefore the remaining fission will be apportioned between the
weapons platonium, which we hercatter may refer to alternatively as 2P, il
thorium. Gt course the thorimn is actually burned primarily as “"'U. ‘Therefore the
amountof P bnrmed is 000 Kg x 0.4 ~ 240k g/ycar. If we wished to bum 100tonnes
of “"Poon 30 years, the number of A'TW systems required wonld be 100/ (0.24 x 30)
= 14. During the desiruction of this 100 ommes of b, the plutoninm, higheractinide
andd tission produet from 14 x 2 = 28 1. WRs will have been destroyed as wen. Hone
caleulates the enrichment of the plutonium m the system when the spent fuel
plutomun s mixed with the *"Pa from weapons, itis found to be 76 Y. 11 one takes
the bestenrrent estinate of the cost ol these A'TW systems at $2.5 bithion cach, the
totai capital mvested woald be $3S bithon “The value of the elecrie power generated
m the destmetion of this 100 tonnes of "Pn would be $1:47 bithon assuming SO mils
per kKlowatt howr.

Foxcmple 2

The curves mchnde sitnadons where k18 preater than one and these can be
used to calenkate the performance as areactor. A honzontal lme at 1.025 wonld be
appropriate tor the reactor becanse abont 2.9 %% of the reactivity would have to be
spent in neutron absorption in the contiol rods requued by the reactor bat not by the
subentical system. This example therefore ilinstrates the use ol these cmves o
estunate the pertonmancee of tns molten salt system as a reactor. Suppose we wish
10 destroy “"PPn while concmrrently destroyimg the waste from one 1L.WR per year.
Ltermg the ordinate at 1025 and moving across to the one L WRs/ year envye, we fid
that the fraction of "D the CPg M) feed must be about 70 %, "The mmonnt of



actnde burned from one LWR per vear 1s 300 kg <o i 1200 - 300 = 900 kg ol the
Th + - 'Pu imxture must be fissioned per year. Sinee the fraction of ““Puan this 900
ke mmature 1s 70 %, the amount ol **Pu burned per year m the reactor is 900 X 0.7
- 030 kg. The fissionimg of 100 tomes of **'Pu in 30 years wonlkd require 100/ (0.63
X 30y = 5 of these mohen salt reacton systew . The reactor would concurrently
destroy the waste trom 5 X | = 5 LWRs. The ennichment ol the plutoniun in the
reactor taking the isotopic content of the LWR plutonum mto account is 90 %.

The performance. as denved from Fig. 2, of the molten salt systent as an
accelerator-driven system (ATW) and as a reactor are shown in Taole | for buming
up 100 tonnes of weapons-return plutonium in 30 years. The reactor system nght
not be directly comparable to other reactor systems for plutonium bumning because
this system burns not only the *"Pu and the higher actinide resulting but also the
associated long-range fission product. ‘The general feature of the reacter version of
the ATW technology is that fewer transmutation systems are required but that the
nupact on connnercial spent fuel waste 1s small. ‘Therefore the use of *“Pu in the
reactor to burn significant waste from the LWRs concurrently is of little impact.
However the accelerator-driven systems are quite effcctive in destroying both the
weiapons plutoniumand the LWR waste. Forexample nine of these systems operating
at 77 % effective enrichiment can burn the waste from 25 I WRs while destroying 100
tonnes of weapons plutonimm. ‘The figure of 25 LWRs at 3000 MWt thermal is not
far from the amoant of deployed nuclear encrgy in the Fortner Soviet Union (FSE).
A systemto destroy the U.S. spent fuel would be four times larger, or wonld take four
tmmesas long, ltwould also require the use of 300 tames of highly enniched yranium
(HEU) in addition to the 100 tonmes of **Pu.

Accelerator-driven Systems { Th+Pu Molten Salt, 3000 MWth, Keff = 0.95)

Plitomum Systems LWRs Captaal Power
ennchiment (_”{o) ruqulred Hn_rlgjl(;d ‘ unvw.t(\d (G&) villue (GE:))
/4 37 37 Gy 390

/6 14 ’8 RIN 147

’ ] 20 23 1O

Reactor-based Systems ( Th+Pu Molten Sait, 3000 MWth, Ketf = 1.025)

Flhutoonum Vynbie, I Wit Cagntal Powar
vinchipent (%) regun handled mvesded () vallne (Gih)
84 4 61| +6 18 subcrmca 10 4?2
() O & 13 SR
NI 6 3 b 64
100 (o 0 l ncning 2,'?[1’_:2] o 106

Table 1. The performance of ATW svstems and redactors as plutoniven burners



Upon exanmming this Table, four options worth consideration ernerge; two
associated with the ATW-like reactor and two with the accelerator.

Option |.

Build ten ATW-like reactors tor the primary purpose of destroying 100 tonnes of
wecapons plutonium.

These sysicms would involve no commercial reactor spent fuel. They would
however destroy all of the higher actinide and long-lived fission product waste
produced indestroying the weapons plutonium and in deriving energy from thorium.
The fission energy in the #*Pu is in effect multiplied by a factor of four since 1/4 of
the power comes from **Pu and 3/4 from thorium. This increases the societal benefit
from the weapons plutonium from the perspective of optimal energy gain by
enhancing the energy output, but does not address the commercial spent fuel problem.

Option 2.

Build four ATW-like reuactors which bumn the waste from 6 LWRs concurrently while
destroying 100 tonnes of weapons plutonium.

The burning of the commercial waste adds an additional requirement for
neutrons which requires the burning of more 2Pu and therefore fewer systerns are
required todestroy the ***Pu. However, the impact oncommercial waste is negligible
and not worth the additional complexity of dealing with commercial spent fuel. If
getting rid of the weapons plutonium as fast as possible is the main objective, '°B
could be substituted for the commercial waste. However the use of '°B would not
optimize the socictal benefit of enhanced energy production which comes inareactor
with Option 1. Therefore this option is not attractive cither from the perspective of
optimal energy output or impact on the commeircial waste problem.

Build nine subcritical accelerator-driven systems lor burning 100 tonnes of weapons
plutonivm ind LWR waste concurrently.

This option allows not only an attracuve muluphication of tie energy
equivalentto Option 1, butit also allows the concurrent destruction of the waste from
25 LWRs. This option works well for the ['SU since by increasing somewhat the
amount of weapons plntoninm burned or substituting enriched **U on an almost 1: 1
basis for weapons plutonium, all of the LWR waste i that nation conld be transimuted
to innocuous nuterial, A practical means of deployment would be replice the cnergy
supplied by ten or so olderreactors with these A'TW systems located in several energy
parks.

Option 4.

Replace LWRs as they go ontof service with ATWs ona 1°1 basis with the ATWs
buming the waste from the retired LWRs and the weapons plutonimm and its
derivative waste. luthis option, 37 ATWs wonldreplace 37 LWRs in burning the 100



tonnes of plutoniun. The drawback here 1s that too mimy reactors are required for
the energy park concept so that these new ATW systems would have to be sited inc.e
or less a1s reactors are presently siied and the plutonium transported to them. 1t no
weapons plutonium were employed in the ATWS, these systems still could burn the
existing LWR waste on a |:1 basis by simply increasing the accelerator current
somewhat to make up for the absence of the weapons plutonium. The inclusion of
weapons plutonium appears to have little impact on these systems and the complica-
tions with it appear not to make it worthwhile.

Therefore of the four options only | and 3 deserve further consideration. Both
involve the deployment of arelatively small number of systems and they are therefore
both compatible with an energy park concept. The reactor of option 1 is the simplest
to deploy since no accelerator or LWR spent fuel is involved. Itachieves the releasc
of substantially more fission energy than is contained in the weapons plutoniumitself,
but it does not address the commercial waste problem. The most attractive option to
the authors is Option 3 which addresses both the weapons plutonium and the LWR
waste effectively. The weapons plutonium substantially reduces the size of the
accelerator and the fraction of the power which must be spent in the accelerator
apparently providing a maximum societal benefit from the weapons plutonium.

The curves from Fig. 2 also can be used to estimate the commercial value for
the plutonium. The slope of these curves is the change in k., perchange in the Pu feed
fraction. We know that it takes 55 mA of 800-McV proton beam to drive ak = (0.95
system at 3000 MWL, and that it requires half as muchto drive it for keff = 0.975. We
may then convert the change ink, 4 into achange in the current requirement. We know
from our systems studics that the capital cost of the accelerator is about $10 million
per mA at 800 MeV and S0 mA current. If this investment is paic ofTata 10 % interest
ratc over i 30-yeur lifetiine tor the accelerator, the total debt retirement cost is actuaily
threc times higher at $30 million per mA per 30 years or 13 million/year—mA for the
accelerator. The power cost for the accelerator operating at 45% cfficiency is about
$ 0.6 million per mA. Neglecting the operating costs, the cost of the beam therefore
is $ 1.6 million/mA-ycar. Converting the feed fraction to kilograms, we find a value
for the plutonium for this systein of about $0.25 million/kg. A!l three of the enrves
give about the same value because the abscissa is different = rms of absolute
kilogrinms of weapons plutonium burned for cach case. Bloom .. "et. al. estimate
that burning weapons-return plutoninmm in LWRs or LMRs would generate a
beneficial villue of $9000 and $56,000 per kilogrinn respectively.

[or the ['SU one can imagine thae the energy parks. where the weapons
plutonium is burned. also shonld become the sites where the LWR waste s
iransmuted. These sites, which might be former weapons materials production sites,
should also become the sites for placement of the commmercial spent fuel. One
hundred tonmes of weapons plutonium matches fairly well the mmountof LWR spent
fuel in the ESU. 1 both of these materials are to be bronght to the sinne site, the
weiapons plutonium could be diluted inmmediately for safe mtermediate storage by
mixing 10 ac.neve a Pu enrichment of the 77 % required by option 3. The material
wonld be decidedly unattractive for clandestine removal until burning were com-
pleted abont 50 years from now.

The amount of spent fuel is the U.S. 1s three to Tour times Lrger than that in
the I'SU. Winle the weapons plutonium could be destroyed i UL S, energy parks



along with about 1/4 ot the spent fuel, the remander would have 1o be destroyed
clsewhere. One optionis to replace aged reactors with ATWs on the sinne site which
burn the waste from the retired reactor but not 1o use weapons plutonium at these sites.
We see from Fig. 2 that this is possible if the waste is burned in 30 years by using a
system with k= 0.94. (This value is derived from the intercept of the | LWRs/year
curve.  After the waste from the retired LWR has been destroyed the system can
convert over to the derivation of all of its energy from thorium. From the intercept
of the O LWRs/year curve we find a value of k., = 0.97 during this period. Ttis worth
noting that this latter mode requires the smallest accelerator of any of the sysiems
considered, no front-end chemistry, a simpler blanket configuration, and little higher
actinide from therium buming to contend with. This concept referred to presently as
the ATW cenergy producer is therefore technically the simplest to develop and the
casie:st o make economically conipetitive.

With the nuiber of different #*”Pu burning scenirios in hand, it is useful 1o
consider other factors in deployment. Since weapons plutonium is perceived to be
more dimgerous than spent fuzl, these systems should be built close o the weapons-
return plutomum storage sites rather than the commercial waste generation sites.
Clustening them into an energy park would allow the front-end chemistry facilities to
serve several systems and thereby reduce costs. However, if there is only one site,
probably too much power (9 GWe) would be dumped into one point on the
commercial grid. Presumably there should be a few sites with a contingent of two or
three plutonium burners for cach site totaling nine burners altogether.

SUMMARY

The A'TW technology can be deployed for weiapons plutonimm bumning either as an
A'TW-like reactor which burns only the plutonium with substantial energy muliipli-
cation, or 1t can be deployed for the purpose of concurrent weapons pluronium
destruction along with LWR waste destruction and large energy multiplication. Both
systems amplify the socictal benefit from platonium over simply fissioning it away
i pure plutonium system. Using the *PPu for destroying LWR waste would work
capecially well for the FSU,  The existence in the U.S. of a larger immount of LWR
waste relative to weapons plutonimn nay be addressed by using. in addition to e
systent ol Opuon 3. an original version ol the accelerator-driven L. WR waste burner
wlnch did not incorporite weapons plutonmum burning, Or the LWR waste could be
destroyed mthe sinne A'TW systems by continuing their operation using 300 tornes
of U,

Dematuring the weapons-return plutonum by dilution to about 77 % fissile
nateriaf Cenrichment™ wath spent fuel can be done quickly with a mmimum of
teclmology development so that storage of the plutomum at an energy park in an
unattractuve form for surreptitious removal appears practical. e this form with the
fission product and other higher actimde present. it is unusable fuel for LMRs, or
LLWRSs, or even for A'TWs operating as reactors. However itis highly viable fuel for
the non-agueons ATW system i which the accelerator not only allows sub-critical
operation, but also serves the vital function of supplementing the neutron ¢cconomny.,
Nine accelerator-driven systems operating at a power level of 3000 MWt could
destroy 100 tomes of 2%Pu in 30 years by this means along with the waste from 25



LWRs. The value of the weapons return plutonium is about five times higher for this
system than for other plutonium burning systems. These svstems might be clusteredd
into cnevgy parks which are constructed at each weapons storage facility. A very
favorable neutron economy and a high thermal-to-electric conversion efficiency arc
required from any competitive system to reach the performance reported here. The
technology alsocould be deployed as ATW-like reactors whichdo not deal with LWR
waste. This is less desirable but it still produces greater socictal benefit than any of
the other reactor systems proposed.
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