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ACCELERATOR-BASED CONVERSICN (ABC)
OF REACTOR AND WEAPONS PLUTONIUM

R. J. Jensen, T. J. Trapp, E. D. Arthur, C. D. Bowman, J. W. Davidson, R. K. Linford
Los Alanios National LLaboratory
P. O. Box 1663
Los Alamos, New Mexico 87544
(505) 667-5893

ABSTRACT

An accelerator-based conversion (ABC) 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 actinides are totally fissioned. The system is suited not only to controlled, rapid
buming of excess weapons plutoniumni, but to the long range application of eliminating or
drastically rediicing the world total inventory of plutonimn. Deployment of the system will require

the successful resolution of a broad range of technical issues introduced in the paper.

INTRODUCTION

‘The residual plutoniurn from the operation of the world's nuclear reactors and fron the
world's miclear weapons programs provides the substance to fashion nuclear weapons. In this
paper, we describe a4 new technology that is capable of safety burning-up the world's plutenium,
returning its energy of fission to the power grid, and ridding the world of the threat of its use in
weapons. The concept, aceelerator based conversion, uses an accelerator -driven subceriticnl system

to destroy plutonium nnd produce power while eliminating key long-lived nuclides.

‘The method described nlso nvoids waste of the material’s encrgy. Significantly, the method

provides for a final treatment of the dominant, long lived fission products and actinides in high
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tevel waste from the nuclear age. It will reduce the duration of radiation from tens of thousands of
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 plutoniuin and weapons plutonium, and 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 world's inventory of plutonium is increasing at a rapid rate and will require an active
policy by leading nations to maintain positive control of its use or its dispcsal. Since weapons
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 arounid 80 M'T per year. This yearly production is similar to the tota)
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 direct disposal in repositories such as Yucca Mountain. Several tens of tons of the
plutonium will be recovered from spent fuel in the U.K,, IFrance, FSU, and Japan for use cither as
a mixed oxide fuel or as fuel in one of the breeder cycles. It will be largely a commaodity to be

recovered, packaged, stored, and possibly shipped around the world.

Table 1 shows the minitmun critical mass of various plutonium isotopes and actinides. All
plutonium isotopes have relatively siall minimum critical masses. Any isotopic composition of

plutoniutn from commercial nuclenr reactors can function as n nuclear explosive with significant
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nuclear yields. This proliferation potential makes the existence of large irventories of plutonium a

cause for concern.

In Figure 1, we show the present total inventory of plutonium and the rate at which it will
accumulate if the number of power reactors continues unchanged. Currently, approximately
800 MT of plutonium has been generated by nuclear power reactors. At current discharge
burnups this amount is increasing by 80 MT per year. At the future anticipated discharge burnup
of 50,000 MWd/MTYV this amount will increase by 60 MT per year. Examination of the constant
nuclear power case reveals thai by the year 2015 there will be nearly 2000 tons of plutonium
deposited at hundreds of sites around the globe. Figure 1 also shows the reduction in inventory
possible if the Accelerator-Based Conversion (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 2llow even further reduction in plutonium.
‘The asymptotic part of the curve near the years 2080 to 2090 represents the small internal inventory
of fissionable material present in operating LWRs and ABC plants needed to maintain operation

and production of the current level of nuclear power.

The figure shows that the rate of plutonium accumulation can be decreased somewhat by
using higher bumup (and possibly recycle). However, in all cases the accumulation of plutonium

increases and never gets below 2000 tons.

Table 2 shows a seiection of methods for disposing of excess plutonium. These options can
be divided into three categories: penmanent isolation, long-tenn storage, and destruction by
fission. No one hus identifica a credible method for permnnent, total isolation. ‘There is significant
cffort underway to develop an acceptable repasitory for long-tenn storage. ‘17 - major drawback to
long-term storage is the need to hold the material until it has decayed. (Pu-2 19 has a 24,000 year

Ealflife, so 230,000 years would be required.) ‘The repository will be a hiph grade ore body where
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adequate concentrations of plutonium would be found. Chemical extraction might be rather 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 burn-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
multple recycle stabilizes the world inventory at 2 to 3 times the current (800 MT) level. Fast
reactor 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 DESTRUCTION REQUIREMENTS

The requirements for the systemi should be defined in advance to focus the energies of the
technical comnuunity. A plutonium converter could solve a very troublesome problem if it: (1)
provides proliferation resistance and renders reuse or recovery impossible, (2) ransmutes key
long-lived species to short-lived products, () is affordable and available, (4) prevents pollution in

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

TECHNICAL CHARACTLERISTICS O TTS ABC SYSTEM

I'igure 2 shows a schemiatic of the ABC systent. The ABC system creates an intense neutron
source through use of n proton accelerator. Its besun strikes 1 heavy metal target, thus generating
tens of neutrons per incident proton. Material to be transmuted is located in a blanket region where

source neutrons are multiplicd via the fission of miclear material. These neutrons nre moderated,

4



i.e., slowed to thermal energies, in this region to enhance their probability of nuclear reactions.
Plutonium and transmutation products are introduced to the blanket region in a continuous fashion.
The higher transuranic actinides and major long-lived fission product nuclides produced 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 wasr stream.

The thermal energy released in plutonium fission is recovered from the blanket and converted
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 buming 50 tons of Pu in 40 years.

Two main technology avenues appear promising 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 similarities to a CANDU-like systerir design) with aqueous-based chemical separations.
The aqueous system is utilized as a reference ABC system for this discussion. The second avenue
is a concept based upon components that can offer improved performance in areas such as neutron
cconomy and overall system economics. A particularly attractive system (based upon Molten Salt
Reactor and HTGR-like technology) involves use of a Lil‘/BeF; carrier medium (containing
plutonium and other actinides in solution), contained in a graphite blanket that is cooled by helium,
molten salt, or liquid lithium. Materials separations for this nonaqueous approach require further
specification and development, but offer promise of being simpler than those employed in the

aqueous syster.

The following discussion summarizes cach main component ;u.e of ABC. Later sections
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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 mA. This beam is accelerated by a series of different structures containing
microwave RF fields, with each structure optimized for high efficiency over its appropriate velocity
range. The configuration consists of a 700-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 linac, and a drift tube linac. (Reference 1 describes accelerator components
and requirements.) Many of these components have been developed and tested individually under
the Strategic Defense Initiative program. The CCL then makes up miost of the accelerator. The
accelerator front end is optimized to prepare a high-current, low-emittance, well-controlled 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 panel,
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 DOE effort. Figure 3 illustrates such an accelerator and its principal components.

In the ABC system, the proton target serves as the mechanism for converting the beam
encrgy into a neutron source via spallation processes. The proton beam is slowed and stopped as it
interacts with the target whose composition is primarily a heavy metal (tungsten, lead, and uranium
are possible target materials). In the process, tens of neutrons per proton (depending upon beun
energy, target material, and geometry) are produced. Target design and perfornmance requirenients
are determined by several factors. One is the requirement for compaciness dictated by the need for

high-source intensity per unit volume; this translites to a design requirement for high-power
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density. A second factor is a requirement for low neutron absorption. Another smaller, but still
important, requirement is minimal long-lived radioactive spallation product generation. Finally, the
target design must alfow for adequate heat removal, both when the beam is on as well as during
after-heat conditions. The reference ABC concept would employ a solid target? based upon direct
experience from facilities at Los Alamos and Rutherford, England. Itconsists of a tungsten inner
region surrounded by a lead multiplying region. Heavy water is used as a coolant for the inner
tungsten region which is exposed to beam power on the order of 150 MW. Neuaon yields are 18
neutrons/proton at a beam energy of 800 MeV. A nonagueous system would use a flowing liquid
metal such as iead as the spallation target.3 Liquid lead possesses a good neutron yield, 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 neutrons/proton for an 800-MeV beam.

Liwid metal target concepts are also under development that use liquid lithium as a primary
source of high-energy neutrons. These neutrons are multiplied in a uranium region surrounding
the lithium core. This concept allows high neutron production efficiencies with a decrease in long-

lived radioactive nuclide production compared to the base case.

The blanket component of the ABC system surrounds the spallation target and contains the
materials (plutonium, higher actinides, long-lived fission products) to be transmuted. The blanket
moderates the system's neutrons and slows them down to thermal energies where probabilities for
fission and capture arc substantially increased. The system is subcritical, operaung at
multiplications of 1() to 20. Reaction rates are controlled by the accelerator. Because of the intense
primary neutron source coupled with the blanket's high multiplication, degree of moderation, and
low neutron absorption, high-thermal neutron fluxes (up to 5x1015 n/cm?/s) can be produced in the
system. Since thermal-energy transmutation cross sections of transuranics and fission products are

large, the high-thernmal flux allows large reaction rates at low material inventories.



The reference concept we:ld use a heavy-water blanket? made up of double-tube structures
that contain a flowing actinide-oxide dilute slurry (suspension). The suspension would be
recirculated in the blanket for a period of time until a desired burnup is achieved. A low volume
slipsiream would be routed to separation steps (vlescribed in the next section) for actinide and
fission product recovery followed by its reintroduction into the transmutation blanket. Aqueous
carriers interface well with established chemical separations technologies. As a baseline, the slurry
would be transported through an external heat excnanger for heat removal. Methods for in-core
heat removal from this aqueous slurry are also under investigation. Fission products would be
introduced into different portions in the blanket where transmutation rates can be maximized and
overall system leakage would be minimized. Figure 4 illustrates an aqueous blanket coupled with

a solid neutron target.

A nonaqueous ABC approach would utilize a graphite blanket* 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 achicved by flow of the molten salt out of
the blanket region into external heat exchangers also situated in the molten salt pool. Figure 5
illustrates this blanket concept. A small slipstream would be extracted and used to purify the
molten sait carrier, extract actinides and return them to the blanket, as well as to separate fission
products created during actinide burn. 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 seif-contained, small-capacity
chemical processing facility to maintain appropriate fuel loading while removing by-products that
may funther transmute to unwanted species. Figure 6 provides a schematic of the separations and
waste management/disposal components. Processing system requiremeats include operation at
high-decontamination factors necessary to meet Class C or better low-level waste disposal
requirements as well as minimized waste stream volumes. The reference aqueous system would

employ two technologies for actinide separations’ -- one involves plutonium-neptunium recovery
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using liquid ion exchange techniqu-s, and the second which uses a solvent-extraction, reverse
TALSPEAK process for aniericium-curium-lanthanide recovery. Extraction of long-lived fission
products of interes! (technetiuin, iodine, palladium,...) also occurs in this loop. Aft:: technetium
and iodinc are introduced into the blanker, further steps are used to separate out their tzansmutation
by-products. Separation of ruthenium fiom technetium is achieved through an ozonelysis process®
which appears capable of uchieving separation factors of 105 or greater. Separation of xenon from
iodine would rely on extractior- of this gaseous product from solid iodine.” Separations of other
long-lived products from their transmutation residues have not been defined. Separations for the
nonaqueous system are less well developed than for the aqueous reference case. Possible
separations could include use of techniques developed in the ORNL MSRE or could be based upon

physical metho«is such as fractional crystallization and centrifugation.8

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 SO tons of plutonium in 40 years. In the system, an additional ~ 100 kg of
higher actinides and ~40 kg of long-lived fission products, 99Tc, 1291, and 135Cs, are produced
and burned annually. The power balance for the plutoniumn burner is also summarized in Table. 3.
The powers shown are peak nominal values. A capacity factor of 0.75 was assumed. The system
incorporates & blanket neutron multiplication of 20 (althougn some designs do better), a therrnal
conversion efficiency of 32%, and an accelerator efficiency of 45%. The blanket systern
inventories were determined under conditions of equilibrium operation, a state which is approached

rapidly (within 5 to 10 years) in the ABC system.

The plutonium feed rate balances the bum rate. Processing recovers plutonium and all

higher actinides as well as selected fission products and repeatedly recycles theni to the blanket
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until they are burned. It also removes the waste products from 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 characteristic of high burnrate and low system 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 levels® illustrated in Table 3. Anotker change in
operational characteristics is that the liquid carrier can be rapidly drained to a reservoir designed for
cooling and protection in case of an emergency. Emergencies are also alleviated by low inventory

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

ABC PROVIDES FINAL AND INTERMEDIATE PROLIFERATION RESISTANCE

The system would accomplish the complete conversion of an easily utilized weapons material
into a form that cannot be used as a nuclear explosive under gy circumstances.  Neutron
interactions of other fissioning options leads to partial material conversion oi dilution that ca
produce a product that is more difficult to misuse or which may not lend itself to efficient nuclear
explosive designs; however, low-yield, high-consequence applications are still possible.
Incomplete plutonium transmutation yielding, either fission-product or isotopic denaturing, or
dilution does not provide the goal of conversion to a forim that, under nny circumsinnees, is not
usable as a nuclear explosive. Only full transmutation of plutonium, as offered by the ABC

system, meets the desited goal <. full conversvn.

10



In contrast to systems that simply dilute weapons grade plutonium, the ABC system would
achieve comple e burnup in a system that minimizes external handling of plutonjum in any form )
and produces w.istes 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 the system in an oxide or fiuoride form and no external fuel fabrication is required.
In order to achieve the high-plutonium burnup rates that are the goals 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 small amounts of material. Separations involving this
material would be done remotely because of high-radiation levels involved. This material "lump”
would contain plutonium mixed with a nuniber of higher actinides and fission products which adds

to its proliferation resistance during cooling.

Operutional features of the ABC system also contribute to its proliferation resistance. In the
ABC system, high burnup rates (on the order of 1 to 2 metric tonnes per year) are achieved using
small inventories within the system. This small-inventory feature avoids situations where large
amaounts of plutonium-containing fuel components complicate sareguards and materials
acccuntahlity procedures. Coupling advanced analytical chemical methods with ABC's small
material inventories means that plutonium in all parts of the system can be tracked with high
precision. Under such circuimstances, capabilities for detection of material diversion should be
improved substantially over systems where nmich larger amounts (tens of tonnes) of plutoniuni-

containing material must be monitored.

The ABC system minimizes required transportation associated with platonium conversion
and thereby reduces opportunities for potential material diversion. A key design goal for an ABC
system is climitation of any discharge stream (particularly ones containing plutoniumn) thani would
require manageinent off the facility site. ission in the ABC systetn would convert weapons-grade

plutonium completely into fission products and higher actinides. The long lived portion would be
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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.

Technology transfer should not be a major issue for the ABC system. Because of its higher
level of tichnology sophistication and distinctive accelerator "footprint,” the ABC concept is not as
attractive as a reactor for clandestine production of fissile material. In addition, the low inventories
in an 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 surnmary of proliferation resistance characteristics, the ABC system for conversion of
50 tons would require a system operating for a period of forty years. This mode 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 fabrication. It would be burned completely using facilities that are
completely site-contained. Separations would involve relatively small capacity systems. No

discharge streams would leave the conversion site.

DEVELOPMENT, DEMONSTRATION, AND CONSTRUCTION EFFORT

The concept being put forwnrd converts ail plutonium, not just weapons plutonium, and
therefore provides a policy altemative to long-term storage and disposal. The physicul principles
involved in the ABC concept ure well established. The nceelerator-driven buming of plutoniurn at
high renction rates and low inventorics in u continuously processed blunket requires no new
physics. The uniqueness of the ABC concept lies in the integrated performance of the accelerator,

trget/blanket, nnd processing system. These subsystems require further engineering development
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and the integrated system performance must be demonstrated. Under aggressive technology
pursuit conditions, a three-phase effort can accomplish these tasks as wel! as complete construction
of a plant facility in less than fifteen years. 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 demonstration 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 secure
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 estiniates of ABC system costs (capital and operating) indicate that
they may not be largely different from other fission systems of similar capacity. Within the ABC
system there are additional capital costs associated with the accelerator, the relatively small-scale
materials separations subsystem, and facilities for long-term materials cooling and low-level waste
disposal. These costs are partially offset by the absence of a fuel fubrication plant requirement.
Additional cost requirements are introduced by possible on-site disposal und engineered storage.
However, other nuclear options require long-tenn storage, the costs of which continue to incrense.
‘The impact and doller value of baving wastes with shorter effective half life and management times
that could resu!t from ABC are difficult to estimate and quantify. For initinl systems designed
more specifically for wenpons plutonium burning, a smaller accelerator thun onr base cuse example
may suffice because there will not be n backlog of fission products to process nnd transmute, us is

the case for spent tuc! buming.
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REGULATORY ISSUES ASSOCIATED WITH ABC

The goals of ABC system operation involve plutonium dispesition under conditions where
only transportation of plutonium into the ABC site is required -- waste material discharge could be
managed on-site. Feed plutonium shipment could be approached from two perspectives. For
example, an ABC system could be built contiguous to the secured storage site so after initial receipt
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 associated with plutonium handling and processing
or to similar regulations imposed by foreign governme.nts for operation in other nations.
Alternatively, plutonium metal could be shipped from an off-site storage Tacility to the ABC site
where processing into the required chemical compound form would occur. Again such processes
would be subject to DOE, IAEA or other governmental regulations for materials handling as well

as applicable Departiment of Transportation reguiations concerning material shipment.

Locating an ABC system on a governimental reservation will require that the system be
subject to the regulatory requircments associated with siting and operation of current nuclear power
plants. Additional regulatory requircments will be introduced by the cheniical processing and on-
site disposal and storage components associated with ABC. However, the ABC system possesses
several features that could be attractive in tenns of overall system sufety enhancernent and which
could positively impact its regulimory environment. ‘They are the following. (1) The accelerator-
driven nuclear system operates below criticality and has rapid system response times (iceelerator
response times arc on the onder of 10 microseconds). (2) The liguid fucl systeimn allows the fuel to
be dmined automatically in the event of an acerlent to containment where the pussive capubilities
necessary for dealing with after heat ciin be readily optimized. (3) The continuous removal of
fission products resnlts in n lower inventory in the power generntion region than thut of existing

renctors. Specifically, fission proxducts are removed continuously ns compured with renctors where
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they may build up for periods on the order of three years. (4) No actinides are discharged from the

fuel system.

SUMMARY

The described ABC system provides complete elimination of weapons plutonium and if
deployed on a global scale it will result in an adequate draw-down of total world plutonium. It
reaches this goal with a minimum of radioactive matenal transporation and with easier material
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 will lead to valuable

technology spinoffs along the way.
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Table 1. Fissile Nuclide Properties

Critical Heat
479 nil
58.5 nil
10.2 556.7
10.4 1.9
36.9 6.9
12.8 138
79.6 0.1



Table 2. Potential Methods for Disposing of Excess Plutonium

Dispositgon Opton Method Comments
Permanent isolation Rocket into the sun Unacceptable risk of accidents.
Dilute and spread in the Counter to current environmental perspectives.
oceans
Long-term storage Store in a geologic On the order of 240,000 years of storage required for
repository maternial decay.
Denature and vitrify Cannot "denature” plutonium; however, can vitrify with
other matenals and store.
Plutonium Fission MOX fuel bum Can reduce mass by up to 75%. Expensive to convert and
requires increased safeguards.
ABC Essentially complete conversion of plutonium and

dominant leng-lived fission products.
Technology demonstration ard cost evaluation required.



Table 3. ABC Reference Design for Weapons Plutonium

Power Balance
System Thermal Power (MWyh) 4260
Thermal Power Per Blanket (MW ) 2130 (each)
Gross System Electric Power (MWe) 1365
Accelerator Beam Power (MW) 146
Thermal Power Per Target (MWih) 73 (cach)
Accelerator Power Requirement (MWe) 325
Net System Electric Power (MWe) 1040

Maierial Balance
Pu Bumn Rate (kg/yr) 1250
Pu Fission Rate (kg/yr) 1152
Higher Actinide Fission Rate (kg/yr) 98
Fission Product Burn Rate (kg/yr) 39
Fission Product to Waste (kg/yr) 1231

Other Parameters
Blanket Neutron Flux (Averuge) 5x1015 n/em?s
Per Blanket Pu [nventory 80 kg
Per Blanket Inventory of Higher Actinides 150 kg
Total System Actinide Inventory (blunket ~MX) kg

heat exchangers, processing plant)
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Figure 3. ABC Accrlerator
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Tigure -, Aqueoug-Based ATW/ABC Target-Blanket Concept
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Accelerator Based Conversion (ABC) is a
novel concept for burning waste and excess
plutonium, returning its energy to the power
arid and leaving very little long-lived
radioactive legacy.
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Reactor-Grade Plutonium Will Give Nuclear Explosive Yield

The original implosion assembly system used in the Trinity test in 1945
was capabie of obtaining 20 kilctons 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*
*NPT at the Crossrcads, Nuciear Control Institute, August 1930

Fisslle Nuclide Properties

Critical Heat

Mass Production
Motenals kg wkg
235y 47.9 nil
2"-‘WNp 58.5 nil
238p,, 10.2 556.7
23%p 10.4 1.9
240Pu 36.9 69
241Pu 12.8 138
242Pu 79.6 0.1

Alamos
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llllllll

Figure 2
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Potential Methods for Disposing of Excess Plutonium

Disposition Option

Method

Comments

Permanent isolation

Long-term storage

Piutonium Fission

Rocket into the sun

Dilute and spread in
the oceans

Store in a geologic
repository
{Denature and vitrify

MOX fuel burn

ABC

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 75%. Expensive
to convert and requires increased
safeguards.

Essentially complete conversion of
plutonium and dominant long-lived fission
roducts.
echnology dernonstration and cost
evaluation required.

Figure §
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Methods for Fissioning Excess Pu

Fission Method

Once Thru LWRs

LWR (MOX Recycle)

IFR (Fasi Reactor)

HTGR

In-Core
Inventory

500 Kg

1 MT

10 MT

1 MT

500 Kg

Effect on World
Plutonium Inventory

Increases Pu inventory
by 80 MT/year

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

Can stabilize world Pu
inventory at approximately
3 times current level

Once thru system is as
effective as multiple recycle
in LWRs

Reduces world Pu inventory
to as low as desired levels.

Figure 6

Comments

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

Involves reprocessing and
proliferation 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:

1.

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.
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Figure 7



ABC Accelerator

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

Emittance
20 MeV Filter

; 2.5 MeV Expander——>
75 keV
To
Target

Beam Energy (Typ) 800 MeV
| Beam Current ~ 200 mA
| Beam Power ~ 160 MW

Power Required ~ 350 MW




AQUEOUS-BASED ATW /ABC TARGET-

BLANKET CONCEPT
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Schematic layout of the non-aquecus
target/bianket assembly
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Plutonium
utoniu

Chemical Separations Enable The Complete Burn-Up

of Plutonium and Long-Lived Rad Waste

Camer
Preparation
v
f " Stable
Cooling Product Recovery
v
Np/Pu Recovery
v
Amv/Crri Recovery
v
v
Non TRU On-Site Engineered
Low Level Storage Low Leve!
Waste <30 Yr Half Lite Waste

iigure 10

Fission Prod
Recovery




ABC Reference Design

Power Balance
System Thermai Power (MWth) 4260
Thermal Power Per Blanket (MWth) 2130 (each)
Gross System Electric Power (MWeg) 1365
Accelerator Beam Power (MW) 146
Thermal Power Per Target (MWth) 73 (each)
Accelerator Power Requirement (MWg) 325
Net System Electric Power (MWeg) 1040
Material Balance
Pu Burn Rate (kg/yr) 1250
Pu Fission Rate (kg/yr) 1152
Higher Actinide Fission Rat3 (kg/yr) 98
Fission Product Burn Rate (kg/yr) 39
Fission Product to Waste (kg/yr) 1211
Other Parameters
Blanket Neutron Flux (Average) 5x10!% n/cm2s
Per Blanket Pu Inventory 80 kg
Per Blanket Inventory of Higher Actinides 150 kg
Total System Actinide Inventory (blanket ~500 kg

heat exchangers, processing plant)

Figure 11



ABC Provides Final and intermediate Proliferation Resistance

Arena ABC Others
Transportation to the processor  Very few protected = MOX would require multiple plants,
routes needed. extensive storage, and
Each ABC converts  transportation systems.
2.5 tonstyear.

At the processor

Transportation away from
processor

Final storage or repository

Small inventory. No
new plutonium
produced.

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

No plutonium or
fissionable material
in final product.

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.

O

Figure 13
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ABC Development Plan
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Figure 14




Summary of ABC Features

» Complete elimination of weapons plutonium.
* Minimization of radioactive material transportation.

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

« Drawdown and control of world plutonium accumulation
from power reactors.

» Enhanced safety.

* Drives and spins off technology.
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Figure 15



