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OF REAC”IOR AND WEAPONS PLUTONIUM

R. J. Jensen, T. J, Tmpp, E. D. Arthur, C. D. Bowman, J. W. l.lavidson, R. K. Linford
Los Alarnos National Labomtor-y

P. 0. Box 1663
Lm Alamos, New Mexico 87544

(505) 667-5893

ABSTRACT

An accelerator-based conversion (ABCJ system is presented that is capable of rapidly

burning plutonium in a low-inventory sub-critical system. The system also returns fission power

to the grid and transmutes troublesome long-lived fission products to short lived or stable

products. Higher irctinidcs arc totally fissioned. The system is suited not only to controlled, rapid

burning of cxuess weqx-ms plutonium. but to the long r~nge application of elimirwtirrg or

drmtically reducing the world total inventory of plutoniuln. Deployment of the system will lquire

the successful resolution of ii bK)id rimge of twhnical issues introduced in the paper.

lN’lROfX-JCl’10N

‘IIK rcsiduid plut(mium from the operation of the world’s tlt]~lcitrreactors und frorll k

wmid’s nucicur wcnpons progmms pr(wi(lc~ dw subs[anc.c to ~ishion ~u~ltiit weiiporis. h this

paper. wc cic.scribe u new tcchll(}l(~~y th:lt is CiiJliihlCof SilfClyburning-up the world’s plutrnium,

returning its energy of tissi(m to the p~wcr grid, illl(l [idding (IICworld of the tlmmt of its use in

WCillMNIS, ‘Ilc Cotlccpt. ilL’L’Cl(Tilt(M’l)ilSN!c(mvcrsi~m, uses ;111;Iccclcr:ltor driven suhcritic’:i Systcll}

t~]dcstn)y idut(mium umi pnxlucc In)wcr while cli!]lim[illg kcy Itmg Iivc(l nm’lidcs.
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ievei waste from the nuclear age. It will reduce the duration of radiation from tens of thousands ofh

years to about 300 years and thereby offers a shorter term, more predictable management option

for high-level waste.

In this paper, we mention the weapons potential of power reactor-produced plutonium, the

accumulation of reactor plutonium and weapons plutonium, arrd the mine-back potential of various

proposed methods of disposal along with environmental issues attendant to those methods. We

also provide a technical overview of the ABC concept and some remarks about its safeguards,

advantages, and costs.

WORLD EXCESS PLUTONIUM

The worlds inventory of plutonium is incrmsing at a rapid rate and will require an active

policy by leading nations to maintain positive control of its use or its disposal. Since weapcms

plutonium was prepared at high cost, it is difficult to consider it a hazardous waste or, at best, a

material to be burned or permanently altered to prevent its misuse, Reactor-produced plutonium is

currently increasing at around 80 M“r ptr ymr. This yearly production is similiu- to the total

amount of weapon’s program material that is becoming excess in both the U.S. and the Soviet

Union. Much of the world’s plutonium resides in light-water reactor spent fuel pins that are

planned for dircc~ disposal in repositories such as Yucca Mountain. Sew-al tens of tons of the

plutonium will be recovered from spent fuel in the [) .K., I:rimcc, [: SW,and Jupan for use either iIs

a mixd ox idc fuel or us fuel in onc of the hrecdcr cycles. II will be largc!y u commodity to be

rcc~wcred, pi~~kii~d, stored, and ~xmihly ship~-d tinmnd the w{mld.



nuclear yields. This proliferation POtenti?l makes the existence of large inventories of plutonium a

cause for concern.

In Figure 1, we show the present total inventory of plutonium and dJe rate at which it will

accumulate if the number of power reactors continues unchanged. Currently, approximately

800 MT of plutonium has been genemted by nuclear power reactors. At cument disc’mrge

bumups this amount is increasing by 80 MT per year. At the future anticipated discharge burnup

of 50,000 MWd/MTV this amount will increase by 60 MT per year. Examination of the constant

nuclear power case reveals that by the year 2015 there will be nm.rly 2000 tons of plutonium

deposited at hundreds of sites around the globe. Figure 1 also shows the reduction in inventory

possible if the Accclermor-Based C1.mversion (ABC) system is introduced in an orderly way

beginning in 2010. If ABC plants are introduced at approximately one and one-half per year until

15% of the LWR generating capacity is replaced by ABC plants, the lower curve is obtained. In

the long term, ABC plants could be run on thorium to r.!low even further reduction in plutonium.

‘l’he asymptotic part of the curve near the yew-s 2080 to 2090 represents the small internal inventory

of fh+sionable material present in operating 1.WRS and AL3(1plants needed to maintain operation

and production of [he current level of nuclear power.

Ile figure shows that the riite of plutonium wxumuhition can be decreased somewhat by

using higher bumup (and possibly recycle). I iowcvcr-, in all case+ the accumulation of plutonium

incrxmscs and never gets below 2000 t(ms,
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adequate concentntions of plutoni urn would be found. Chemical extraction might be Ildther easy

with the right reagents. The only method that we believe provides for a complete and irreversible

solution to the excess plutonium problem is its complete fission or bum-up in a nuclear system.

For the reasons presented and discussed in this paper, we believe the ABC system provides the

most complete and irreversible solution to the excess plutonium problem. There are four salient

methods for fissioning excess plutonium. They offer various degrees of effectiveness in reducing

world plutonium inventory. Light water reactors with a once-through fuel cycle are considered a

baseline. They increase world plutonium inventory by 60 to 80 MT/yr. Mixed oxide fuel with

multiple recycle stabilizes the world inventory at 2 to 3 times the current (800 MT) level, Fast

rtactor systems can also stabilize Pu inventory at 2 to 3 times the current level. Its ultimate

performance is limited by the large inventory. The HTGR can be as effective in a once-through

cycle as LWR’S are in multiple recycle. Because of various novel features, the ABC system has

the potential to limit world plutonium to a very low level.

PLUTONIUM IJESTRUCTlON REQUIREMENTS

The requirements for the systcrn should be defined in udvancc to focus the energies of the

technical community. A plutonium convcrtcr could solve ii very troublesome probletn if it: (1)

provides pmliferiition rcsistimce m! renders reuse or recovery impossible, (2) trmmutcs key

long-lived specim to short-lived products, ($) is tiffordable and tivailablc, (4) prevents pollution in

other power plants by returning energy (u the grid, (5) drives and spins off technology.

711C11NI(’A1. (-l{ ARA(-I”l{RIS”l”I(’S O1; “1’111;ABC SYS’IIIM

l;i~:urr 2 shows ii s~.hcm:itiu of the AI](” :,ys[ctII ‘II)c AI)(l SySICIIlC~iit~s w intense iWUtNNl

~mrce :tmmgh usc of n pnmm :Iccclcfnl(w. IIShcnm slri~cs O hCi~VY IllCtidtilrgCt,III(ISgencmfing

tens of nculrms per incident prolon. Mutcriid to br tmnsmutcd is kxxted in a blunkct region wllcre

M)UIW ncumms iltl! tnultiplid Viii lllC lissi~m td’ rllll’lCilrllUilC1’iiil.‘lhcsc rvmtnms am nmdcmtcd,
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, i.e., slowed to thermal energies, in this region to enhance their probability of nuclear reactions.

Plutonium and tmnsmutation products m introduced to the blanket region in a continuous fashion.

The higher transuranic actinides and major long-lived fission product nuclides pmduccxl by

burning the plutonium are recycled to the blanket and transmuted to shorter-lived or stable species.

This capability substantially reduces the effective half life of the resultant was! stream.

The thermal energy released in plutonium fission is recovered from the blanket and convertd

to electric power using conventional conversion systems. A relatively small fraction of this power

is required for the accelerator, so that a considerable fraction (>75%) of the gross electric power

could be available to the grid. This design is appropriate for a system capable of burning or

treating LWR spent fuel, A system aimed at destruction of weapons grade plutonium can operate

with more favorable values because of its superior neutron economy. The reference design

presented later in this paper addresses a two blanket system (as opposed to the 4 blanket system

proposed for spent fuel transmutation) keyed to burning 50 tons of Pu in 40 years,

Two main technology avenues appear premising for viable systems that would achieve the

goals of the ABC concept. One is an aqueous-based system that employs a heavy-water blanket

(with some simihrities to a CANDU-like systeri~ design) with aqueous-based chemical sepamtions.

The aqueous system is utilized as a reference ABC system for this discussion. Ile second avenue

is a concept breed upon components that can offer improved performance in areas such M neutron

economy and overall system economics. A [)arti~uli~ly attmctive systcm (based upon Molten Siilt

Reactor und 1I’IX3R-like technology) inwdves use of u LiI;/13eF~ carrier medium (containing

plutonium and other actinides in solution), contained in a graphite blanket that is cooled by helium,

molten salt, or liquid lithium. Matcriu!s separations fur this mmaquecws approach require further

specificuti(m md development, hut oi~er prwnisc of bein~ simpler thtm those empluycd in the

uqueom systcm.
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provide a technology status description and describe an effort aimed at development

demonstration, and construction of an ABC system. More technical detail is provided in

Reference 3,

The reference aqueous ABC system would use a high-power, radio-frequency (rf),

continuous-beam, linear accelerator (linac) that generates an 800-MeV proton beam with an average

current around 190 trvl This beam is accelerated by a series of different structures containing

microwave RF fields, with each structure optimized for high efficiency over its appmpnate velocity

range. The configuration consists of a 7(X)-MHZ coupled-cavity linac (CCL) injected at 20 MeV by

a funneled beam launcher containing two 100-keV injectors each made up of an ion source, a radio

frequency quadruple Iinac, and a drift tube linac. (Reference 1 describes accelerator mmponents

and requirements.) Many of these components have been developed and tinted individually under

the Stmtegic Defense Initiative program. Ile CCL then makes up most of the accelerator. The

accelmtor tint end is optunized to prepare a high-cummt, Iow-ernittance, weI1-controkxi beam.

The CCL parameters are chosen to assure low beam loss while maintaining a high conversion of rf

power to beam power. This allows for “hands-on” maintenance. The overall accelerator concept

has been reviewed by a DOE Energy Research Advisory Board panel as well as a JASON p,anel,

both of which evaluated it as technically sound with no physics “showstoppers.” Design of an

accelerator with similar beam power and performance features is currently being designed under

another IXXZ effort. Figure 3 illustrates such an accelerator and its principal components.

In the ARC sy!.tem, the proton target serves as the mechanism for converting the beam

energy into a neutron source via sptil hition processes. Ilc proton beam is slowed and stopped as it

intemcLs with the target whose composition is primarily a hetivy mcfal (tungsten, !e,ad, and uranium

are possible ttirgct mu{erials). In the pmccss, tens of neutrons per proton (depending upon beum

energy, target matcrifil, and gemnctry) are produced. “1’nrgctdesi~n and pcrfmmam:e requim-ncnts

MCdctcrmincd by scvcriil fuctors. Onc is the requirement for compactness dic[ntml by the. need for

high soumc intcnsit y pcr unit volwnc; this w:msl;ltcs I(Jt! tlrsigri requirement for !ligl~-~x~wer



density. A second factor is a requirement for low neutron absorption. Another smaller, but stall

importan; requirement is minimal long-lived radioact@e spallation product generation. Finally, the

target design must allow for adequate heat removaf, both when the beam is cm as well as during

after-heat conditions. The reference ABC concept would employ a solid targetz baseu upon direct

experience from facilities at Los AIamos and Rutherford, England. It consists of a tungsten inner

region surrounded by a lead multiplying region. Heavj~ water is used as a coolant for the inner

tungsten region which is exposed to beam power an the order of 150 MW. Neutron yields am 18

neutrons/proton at a bca.m energy of W() MeV, A nonaqueous system would use a flowing liquid

metal such as lead as the spallation target.J Liquid lead possesses a good neutron yiel~ low

neutron absorption, and serves as the heat transfer fluid. Flowing lead systems have been

investigated at prototype scales in Germany and Canada. Neutron yields from such systems are

expected to approach 25 neutron#proton for an 800-MeV beam.

L; wid mettd target concepts are also under development that use liquid Iithium as a primary

source of hi gh-energy neutrcms. These neutrons are multiplied in a uranium region surrounding

the lithium core. Ilis concept allows high netm-on production efficiencies with a decrease in long-

Iived radioactive nuclide production compared to the base case.

The blanket component of the ABC system surrounds the spallation target and contains the

mittcriais (piutonium, higher actinides, long-lived fission pnxlucts) to be transmuted. The blaxket

moderatm d~e system’s neutrons and slows them down to thermal energies where probabilities for

fission and captlm arc substantially increased. Ile syslem is subcritical, operating at

multiplications of 10 to 20. Reactiort rates are controlled by the accelerator. Because of the intense

primary neutron source ompled with the blanket’s high multiplication, degree of moderation, and

low neutron absorption, high-thermal neutron fluxes (up to 5x 10t5 n/cm2/s) can be produced in the

system. Since thermal-energy tmnsmuttition cross sections of trmsuranics and fission products =

large. the high-thermal flux all(9ws large rc:icti(m rates at low m~tcriid inventories.
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The reference concept weI :ld use a heavy-water bla.nket2 made up of double-tube structures

that con’m.ina flowing actinide-oxide dilute slurry (suspension). Ile suspension would be

recirculated in the bhmket for a period of time until a desired burnup is achieved. A low volume

slipswam would be routed to separation steps (~lesczibed in the next section) for actinide and

fission product recovery followed by its reintroduction into the transmutation blanket. Aqu,~,ws

carriers interface well with established chemical separations technologies. As a baseline, the slurry

would be !mmsported through an external heat exchanger for heat removal. Methods for in-core

heat removal from this aqueous slurry are dso under investigation. Fission products would be

introduced into different portions in die blanket where transmutation rates can be maximized and

overall system leakage would be minimized. Figure 4 illustrates an aquaus blanket coupled with

a solid neutron target.

A nonaqueous ABC approach would utilize a graphite blanked containing a fluoride-based

molten salt in which actinides are dissolved at less than a few weight percent. This blanket would

be maintained in a pool of molten salt. Heat removal is achieved by flow of the molten salt out of

the blanket region into external heat exchangem also situated in the molten salt pool. Figure 5

illusuates this blanket concept. A small slipstream would be extracted and used to purify the

molten sait carrier, extinct actinides and return them to the blanket, as well as to separate fission

products created during actimde bum. Key long-lived fission products would be further separated

and recirculated in the blanket for transmutation to stable or short-lived products.

High neutron utilization efficiency is achieved by using a self-contained, small-capacity

chemical processing facility to maintain approprktte fuel loading while nmoving by-products that

mtiy funher transmute to unwanted species. Figme 6 provides a schematic of the separations and

waste managenlent/d]sposal comixmcn~s, Processing system requirements include operation at

high-decmltamination factors necessary to meet (Ms C or better low-level wtiste disposal

requirwtwn~s as well as minimimd waste stream volumes. The reference aqueous system would

.$-- ~me involves plut{~niu[ll-nepttlrliuill nxoveryemploy two technologies for actinide separations

u



using !iquid ion exchange techniqut:s, and the second which uses a solvent-extractitm, reverse*

TALSPEAK process for an~ericium-curium-lanthanide recovery. Extraction of lent,-lived fission

products of interest (technetiuln, iodine, palladium,...) also occurs in this loop. Aft~: technetium

and iodine a.Ie introduced into the blanket, further steps arc used to separate out their t,a.nsmutation

by-products. Separation of ruthenium from technetium is achieved through an ozcmtilysis processb

which appears capable of achieving separation factors of 105 or greater, Separation of xenon from

iodine would rely on extraction’ of this gaseous product from solid iodine.7 Separations of other

long-lived products from their transmutation residues have not ‘xen defined. Separations for the

normqueous system are less well developed than for the aquenus reference case. Possible

separations could include use of techniques developed in the ORNL MSRE or could be based upon

physical methm !s such as fractional crystallization and centrifugation.g

REFERENCE DESIGN FOR WEAPONS PLUTONIUM BURNING

For concreteness, a reference design has been chosen with rather extensive calculation of

performance and properties. The material balance and power balance are shown in Table 3. The

design features a single 800-MeV, 190-mA accelerator that drives two identical blanket assemblies.

The system burns 50 tons of plutonium in 40 years. In the system, an additional -,100 kg of

higher actinides and -40 kg of long-lived fission producws, ~c, 1291,and 1~5Cs, are produced

and burned annually, The power balance for the plutonium burner is also summarized in Tabk. 3.

The powers shown are peak nominal values. A capiicity f~ctor of 0.75 was assumed. The system

immrporites a blanket neumm multiplication of 2i) (althougl, .mme designs do better), a thermal

conversion efficiency of 32%, and an wxclerwr efficiency of 45%. The blanket system

inventories wcm determined under conditions of equilibrium oper~tion, a state which is app]mched

ripidly (within 5 to 10 ;~ears) in the ABC system.

‘Ilw pluto,~ium feed r~te balances the burn rate. Processing mcovcrs pltltonium and al 1

higher actinidcs w well M wlcctcd tission pr(xiuuts aid repvutcdly mwyclcs thcm to the bl:mket



until they are burned. It also removes the waste products fmm the blanket and reduces extraneous

neutron capture.

New Operating Regime

In Table 3 we show that the in-blanket inventory of target material is greatly reduced in the

ABC system compared to fast-neutron spectrum concepts by the fact that the rate per concentration

is the product of the cross section times the neutron flux. Since flux level for the ABC system is

increased and the cross section is maximized by thermalization, the concentration of blanket

inventories can be reduced. This charwteristic of high burnrate and low ~ystem inventory is an

important feature of ABC that distinguishes it from other concepts. This feature impacts the ABC

operation as well as the ultimate performance levels9 illustrated in Table 3. Anotker change in

operational characteristics is that the liquid carrk can be rapidly drained to a reservoir designed for

cochg and protection in case of an emergency. Emergencies are also alleviated by low inventory

of fuel and the fact that the fission products are continuously removed.

ABC PROVIDES FINAL AND INTERMEDIATE PROLIFERATION RESISTANCE

The sy:~tem would accomplish the complete conversion of an easily utilized weapons material

into a form that cannot be used as a nuclear explosive under ~ circumstances. Neutron

interactions of other fissioning options leads to partial material conversion o, dilution that uu

produce a product that is more difficult to misuse or which nuy not lend itself to efficient llucltwr

explosive designs; however, low-yield. high-consequence tippliciitions are still possible.

Immmpletc plutonium transmutation yielding, either fission-product or isotopic demtturing, or

dilution does not provide the goal of ronvcmion to u form that, under [my ~i~umst~in~es, is not

usable us u nuclear explosive. Only full trimsrnutntion of plut(miurn, i!s offerm! by the AIK:

system, meets [he &sil~ gtml :{”full ~~mv~lsi, til.
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In contrast to systems that simp~y dilute weapons grade plutonium the ABC system would

achieve comple :e bumup in a system that minimizes external handling of plutonium in any form ~

and produces w,~tes having only trace amounts of plutonium. The absence of fertile material in

the system means that additional plutonium is not produced during operation. Plutonium is

introduced into [he system in an oxide or fluoride form and no external fuel fabrication is required.

In order to achieve the high-plutonium bumup rates that are the gods of ABC, the plutonium/waste

actinide mix produced during exposure in the high-neutron flux must be recycled back into the

system’s blanket. This is achieved via a separations step that is completely self-contained and

integral to the system, which involves smidl amounts of material. Sepamtions involving this

material would be done remotely because of high-radiittion levels involved. This material “lump”

would contain plutonium mixed with a number of higher actinides and fission products which adds

to its proliferation resistance during cooling.

(lperitional features of the ABC system UISOcontribute to its prolifemtion re~istancc. In the

ABC system, high hurnup rates (on the order of 1 to 2 metric tonnes per year) m achieved using

small inventories within the system. Ilis small-inventory feature avoids situations where large

wmwnts of plutonium-containing fuel components complicate weguards and materials

acccuntahi]ity procedures. ~mupiing iidvaf\~t!Ai iifdytl(d chemicid methods with ABC’S smail

mnterial inventories means that plutonium in all pam of the system can be tracked with high

prwision. (Jndcr such circutnstamxs, cuptibilities for detection of matcriid diversion should be

improved Subtantiii!!y mm systems whew much Iqcr nmounts (tens of tonnes) of plutonium-

cont:lining miItCritil must be rmmitorcd.
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recycled into the system, burned, and the residue would be disposed of on-site. The majority of

the fission products produced during plutonium conversion which are short-lived or stable would

be stored and allowed to cool in engineered facilities until low levels of activity are reached. These

operations could be site-contained and would not involve handling of materials attractive from a

proliferation perspective,

Tmhnology transfer should not be a major issue for the ABC system.

level of technology sophistication and distinctive accelerator “footprinh” the,

Because of its higher

ABC concept is not as

attractive as a mictor for clanckstine production of fissile material. h addition, the low inventories

in aJI ABC system and the absence of out-shipping of fissile materials makes the ABC system less

vulnerable to diversion of those materials by either the owner or by non-owners.

In summary of proliferation resistance characteristics, the ABC system for conversion of

50 tons would require a system operating for a period of forty years. This mock of operation

eliminates distribution of plutonium-containing material to multiple sites that convert plutonium in

low “enrichment” environments. Plutonium could be introduced into the ABC system in one of

several forms not requiring fuel fiibrication. It would be burned completely using fiicilities that are

completely site-contained. Sepamtions would involve relatively small capacity systems. No

discharge streams would leave the conversion site.

DEVELOPMENT, DEMQNSTRATN JN, ANJJ CONSTRUCIWN EFFORT

“Ilc concept being put forvmrd convvrts ail plutonium, not just wctqmns plutonium, and

therefore provides a policy altemtitivc 10 kmg-lcrm storage and dispod. I?w physic;il principles

involved in (he ADC concept arc WCIIcstablishmi. ‘I%cMxclemmr-driven huming of plut[mium ut

high nmction mtcs nnd low inventories in u umtinuously proccsscd bhinkct rcquims no new

i)hysics. “Illc uniqueness of the A 11(”c(mc”cpt Iics in the intcgt-atcd im-fort~Nmcc of the accclcmtor.

target/t)ltinkct, and pmcessin~ systcm. ‘i’hcsc sulviystcms mquim further cn~inccring dcvcl{)imlcnt

12



and the integrated system performance must be demonstrated. Under aggressive technology

pursuit conditions, a three-phase effort can accomplish these tasks as well as complete construction

of a plant kility in less than fifteen yearn. Figure 7 illustrates estimated timelines for design,

demonstration, and construction under assumptions of aggressive technical development and

funding.

The timelines associated with disposition uf surplus plutonium should allow time for ABC

development and demonstmtion as well as facility construction and licensing. A decade-like

timeframe is also needed to retire surplus weapons, remove pit plutonium, and store it in secuE

facilities. Under the development plan outlined above, an ABC facility could be available for

plutonium disposition in the 2007 to 2010 timeframe,

ABC COST ESTIMATES

Thus far our preliminary estimates of ABC system costs (capital and opemting) indicmc that

they may not be Iargcly different from other fission systems of similar capacity. Within the ABC

system there am additional capital costs associated with the accelerator, the relatively small-scale

materials sepamtions subsystem, and facilities for long-term materials cooling and low-level waste

dispowd. These costs are partially offset by the absence of a fuel fabrication phmt mquiremcnt.

Additional cost rtquinments me introduced by possible on-site dispos:tl und engineered storitgc.

1knvever, other nuc!ear options rwltlirc Iong-tcnn storage, the costs of which continue to incrcusc,

“I?teimpact and dollrr viduc of having wustcs with shorter effective httlf Iifc ond mnnagcment [imcs

thut could nxu!t from ABC w-cdifkxdt to estimate und qtmntify. For inititd systems designed

mom specifically for wmpons plu:onium burning, n smaller uccelct-utor thnn ollr buse c~iscexample

nuiy suffice bec[msc there will not be u Imckl(lg (d- fission pnx!ucts tc~prtwcss nnd mmsmutc, [is is

the cmc for spcilt t’uc! burning.



REGULATORY ISSUES ASSOCIATED WITH ABC

The goals of ABC system operation involve plutonium disposition under conditions where

only transportation of plutonium into the ABC site is required -- waste rnateri,al discharge could be

managed on-site, Feed plutonium shipment could be approached fmm two perspectives. For

example, an ABC system could be built contiguous to the secured storage site so after initial teceipt

of materials, no other transportation would be required. Conversion of pit plutonium into oxide or

fluoride forms required by ABC would occur on-site and would be subject to DOE and other

environmental, safety, and health regulations associiitcd with plutonium handling and processing

or to similar regulations imposed by foreign go-iemn]i.l]ts for operation in other nations.

Alternatively, plutonium metal could bc shipped fmm an off-site storage facility to the ABC site

where processing into the required chemical compound fotm would occur. Again such processes

would bc subject to DOE, IAEA or other governmental regulations for materials handling as well

as applicable Depwtment of Tmnslxmtition ~g’i!iitbtls concerning material shipment.

IAxating an ABC system on a governmental re.serwnion will require thii! the system be

subject to the regulatory rrquircnwnts iis~)ciiitd with siting i{ndopcmticm of current nucleiw power

I)liiiits, Additional ~~tlliit[)ry requirements will he introduced by the chcmictil processing Und ~n-

sitc disp~)sid iitld stomgc ~onqx)nents iiss(~-iiitCd with AU(~, 1Iowcver, the ABC system possesses

scvcrd fcatums thiit could bc i~ttl~l~tivcit] terms of ovcmll systcm sufety enhitncement und which

cou!d positively itnpa(’t IIS:rrgl.ll:mwy cnvinmmcnl. ‘Ilcy ilfCthe fo[lowing. ( I ) ‘Ile ltcxXlcnltor-

drivcn nuclcnr systcm [lpem!cs below c.riti~’:dltyilld tlil!+riipid systcnl msix)nsc times (wcclcralor

tTSpollSC times iUX2(Mllhc (Mllc’rt)t”1() [iliur[~s[.c’(~tl~ls).(2) “Illc liquid fuel system illloWS the fuel tt)

IX (Iruincd iilltolllilti(’illly in thC CVCllt ot” illl il(’(’li!Cllt to (lM)lililllllCllt WIICIT thC pmsivc cilpllt)ililics

ncccswry for dculing witl] ilflCf’ tlc:ll 1-:11] h’ l~il(lil~ {Ji)litl~i/rd, (.!) ‘lllC txmlitlutms K[llOVNI of

Iissi(m Imnluc’ts results in II Iowcr invctitory ill the p)wcr grncrnli[)n rcgitm Itum [hi{t~)!’cxistillg

Irul’ttnx. SiX<’ili~’itlly,fissitm pnMllll’ts iil’C rcllNwctl ~xmlillu(msly wi C(nll[)iltd with mllctors WhCtC

I‘1



they may build up for periods on t-k order of three years. (4) No actinides are discharged ffom the

fuel system.

!WJMMARY

The described ABC system provides complete elimination of weapons plutonium and if

deployed on a global scale it will result in an adequate ch-awdown of total world plutonium. It

reaches this goal with a minimum of radioactive rnatenal tmnsporaaon and with easier rnateriaJ

tracking since only one ABC system is required to convert 50 tons of excess weapons plutonium.

We believe that the subcritical assemblies and other novel features open the way to improved

nuclear safety and that the development of these beam controlled systems wII1lead to valuable

technology spinoffs along the way,
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Tablel. Fissilc Nuclide Roperties

235u 47.9 nil
237NP 58.5 nil
238fi 10.2 556.7
239h 10.4 1.$I
24% 36.9 6.9
241h 12,8 1313
242b 79.6 0.1
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Table 2. Potential Methods for Disposing of Excess Plutonium

Dq3siacm Option Method Comments

.Rrimnem M31ion Roctcu into the SUlt

Dilute and spread in

Cceans

brig-term Stotage hre in a geologic
repository

DmatUre and vitrify

MOX &l burn

.M3c

P!umnhrn FkSion

Unacceptable risk of accidents.

the Counter to current environmental perspectives.

On the order of 240,000 years of sturage requi.rd for
material decay.

Cannot “denature” plutoniw, however, can vitrify with
other materials and store.

Can reduce mass by up to 75%. Expensive to mnvert and
requires inaeasd safeguards.

Essentially complete conversion of plutonium and
dominant king-lived fission products.
Teehnobgy dexmnstmion and cost evaluation required.



Table 3. ABC Refenmce Design for Weapons Plutonium

System Thermal Power (MW~) 426G
11-rermal Power Per Blanket (MW~) ~1SO (each)

Gross System Electric Power (MWe) 1365

Accelerator Beam Power (MW 146
Thexmal Power Per Target (MW~) 73 (Cwh)

Accelerator Power Requirement (MWe) 325
Net System Electric Power (MWe) 1040

Mwaid_Bdan!x

Pu Burn Rate (kg/yr)
Pu Fission Rate (k#yr)
Higher Actinide Fission Rate (kg/yr)

Fission Product Burn Rate (k#yr)
Fission Product to Waste (kglyr)

Blanket Neutron Flux (Average)

Per Blanket Pu [nventory
Per Blanket Inventory of liighcr Actinidcs

Total System Actinide inventory (bli~ket

heut exchangers, processing pltint)

125(9

1152
98

39
12;1

5X101S n/cm2s

8!) kg
150 kg

-500 kg
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FigL1l-e 3. ABC Accelerator

1 2.5 MeV
75 keV

;0
Target

Beam Energy (Typ) 800 MeV
Beam Current -200 mA
Beam Power -160 MW
F >wer Required -350 MW



Target-Blankd Configuration
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Figure 7 -AM Development Plan



Accelerator Based Conversion (ABC) is a
novel concept for burning waste and excess
plutonium, returning its energy to the power
grid and leaving very little long-lived
radioactive legacy.

gm01943. i?93

Figure 1



Reactor-Grade Plutonium Will Give Nuclear Explosive Yield

The originai implosion assembly sys?emused in the Trinity test in 1945
was capable of obtaining 20 kilotons from weapons-grade plutonium.
....it may be seen that such an assembly system would be capable of
bringing reactor-grade plutonium of any degree of burn-up to a state in
which it could provide yields in the multi-kiloton range.

J. Carson Mark*
*NP7a!Lhs~~~ Nuclear Control In-e, AugJst 1990

Fissile NuclIde Properties

Critical Heat
Mass Production

kg wj%a

235U 47.9 nil
237NP 58.5 nil
238P u 10.2 556.7
239PU 10.4 1.9
240pu 36.9 6.9
241PU 12.8 1313
242pu 79.6 0.1

50,,Jyaolno+
1943 -19*J

Flgu re 2



WORLD PLUTONIUM INVEFJTORY WITH ABC UNITS
[CONSTANT NUCLEAn POWER DEMAND)

.—

LWn U77H so.- -WMT mwnuw

--------- ----

ABC STSTEUS

t

l—

-..-- ~ u~

\
nur~ . . . . . . . . . . . . . . .

i

~Dtn 2?0 J 2010 202G 2030 2040 Zoso 2060 2070 Yooo 2000 al

YEAR



WORLD PLUTONIUM 1NVENT0R%

Smm

L-4

>3 W UWdf’UT BLIRk UP
SO.009 Uw&ml B3RHUP

~.<

$11RECYCLE ( 1 FtECYCLi )

/

W RECYCLE( 2 ~ECYCLE$)

L * , # #

fsso 2000 20!0 2020 2030 2040 2050 2000 2070 2990 2080 2100



Potential Methods for Disposing of Excess Plutonium

Dispositkm Optlon Method Comments

Long-!erm storage

~iuto~ium Fission

Permmem isobl.brl Rocket into the sun

Dilute and spread in
the oceans

Store in a geologic
repmitory

Penature and vitrify

MOX fuel bum

Unacceptable risk of accidents.

Counter to current environmental
perspectives.

On the order of 240,000 years of storage
required for material decay.

Cannot “denature” plutonium; however, can
vitrify with other materials and store.

Can reduce mass by up to 75Y0. Expensive
to convert and requires increased
safeguards.

Essentialtv comdete cxmversion of
plutonium-and dominant long-lived fission

roducts.
Yethnology der,~onstration and cost
waluation required.



Methods for Fissioning Excess Pu

h-core Effect on World
Fission %iethod Inventom Plutonium Inventory

Once Thm LWRS 500 Kg Increases Pu inventory
by 80 MT/year

LWR (MOX Recycle) 1 M-r

U% (Fast Reactor) 10 ,MT

I+TGR 1 N1-r

ABC 500 Kg

Multiple recycles stabilizes
world Pu at approximately
2-3 times current level.

Can stabilize wcrld Pu
inventory at approximately
3 times current level

Once thru system is as
effective as multiple recycle
in LW’RS

Reduces world Pu inventory
to as low as desired levels.

Comments

Current world situation is
325 GWe of nuclear power
mostly composed of once
thru LWRS

hWOhICS reprocessing and
prolifemtion issues

New generation of tech-
nology. Requires chemistry
still under development.

New generation of tech-
nology. Has positive safety
features.

New generation of tech-
nology. Has potential to
significantly change long
term waste disposal problem.



General Features
ABC System
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Issues and Requirements

A plutonium converter could solve a very troublesome problem if it:

1m

2m

3 ●

4 ■

5 ■

Provides proliferation resistance and renders reuse or recovery
impossible.

Transmutes key long-lived species to short-lived products.

Is affordable and available.

Prevents pollution in other power plants by returning energy to
the grid.

Drives and spins off technology.

co
MdiIanm

F@llre7



ABC Accelerator

(700 MHz) ~

/“

oupled Cavity Linac (CCL) Beam
(700 MHz, 150 mA) Transport

I
Emittance &,-

t \
20 MeV Filter

+
1’
I :2.5 MeV

75 keV

To
Target

I

~ Beam Energy (Typ) 800 MeV
I Beam Current -200 mA

Beam Power -160MW
~ Power Required -350 MW



AQUEOUS-BASED ATW /ABC TARGET-
BLANKET CONCEPT

Target-Blanket Configuration Blanket Actinide
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Schematic layout of the non-aqueous
target/bianket assembly
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Chemical Separations Enable The Complete Burn-Up
of Plutonium and Long-Lived Rad Waste

+
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ABC Reference Design

owe r Balance

System Therms! Power (MWth)

Thermal Power Per Blanket (MWth)

Gross System Electric Power (MWe)

Accelerator Beam Power (MW)

Thermal Power Per Target (MWth)

Accelerator Power Requirement (MWe)

Net System Electric Power (MWe)

Pu Burn Rate (kg/yr)

Pu Fission Rate (kg/yr)

Higher Actinide Fission Rat B (kg/yr)

Fission Product Burn Rate (kg/yr)

Fission Product to Waste (kg/yr)

ther Parameters

Blanket Neutron Flux (Average)

Per Blanket Pu Inventory

Per Blanket Inventory of Higher Actinides

Total System Actinide Inventory (blanket
heat exchangers, processing plant)

I;igurr I I

4260

2130 (each)

1365

146

73 (each)

325

1040

1250

1152

98

39

1211

5x1 01~n/cm%

80 kg

150 kg

-500 kg



ABC Provides Final and Intermediate Proliferation Resistance

Arena ABC Others

At the processor

Transpo~tion away from

prmessor

Fifia.i storage or repository

Tran_ticm to the proces~r Very few protected
routes needed.
Ead ABC converts
2.5 tons’year.

SmaJlinventory. No
new plutonium
produced.

None. Bum-up is
complete. On-site
storage of final
ashes.

No plutonium or
fissionable material
in final product.

MOX would require multiple plants,
extensive storage, and
transportation systems.

MOX or storage systems would
contain much material in core and
in cooling.

Hot transport required.

Repository must be rich ore body
or be very large.



ABC Development Plan
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Summary of ABC Features

●

●

●

●

●

●

Complete elimination of weapons plutonium.

Minimization of radioactive material transportation.

Easier material tracking. Only one ABC system is
tons ofrequired to convert 50 excess plutonium.

Drawdown and control of world plutonium accumulation
from power reactors.

Enhanced safety.

Drives and spins off technology.

50,,#laofl’MJq!
1941 .19s3

Figure 15


