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ARSTRACT

A new concept for an accelerator-driven
ironsmutation system is described. The central
feature of the concept is generation of intense
fluxes of ithermal neutrons. In the system all
long-lived radionuclides comprising high-level
nuclear waste can be transmuted efficiently.
Transmutation takes place in a unique, low
material inventory environment. Presently two
principal areas are being investigated for
application of the concept. The first is associated
with cleanup of defense high-level waste at DOE
sites such as Hanford. The second, longer term
arca involves production of electric power using a
coupled accelerator-multiplying blanket system.
This system would utilize natural thorium or
uranium and would transmute long-lived
components of high-level waste concurrently
during operation.
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A new concept for trun-  atation of long-lived
components of high-level *:  .ear wastes (HLW) is
under development at Los Alamos National
Laboratory. The concept  called ATW, uses an
accelerator-driven intens: thermal neutron
-ource to nchieve several significant advances in
system perforinance. Features of the concept
include the amlity to destroy all long-lived
rndhionctive species (hoth fission products and
netimdes), operntion in o high throughput, low-
matenal inventory environment, small capacity,
hiygzh decontamination fuctor chemienl processing,
and improved safety and environmental (eatures
resulting from necelerntor drive nna low materinl
mnventornes.

This concept is a result of several technology
advances. High-current linear accelerator
technology under development for the Strategic
Defense Initiative enables the design of medium
energy (around 1 GeV) proton accelerators that
can operate in the current. regime required
(approximately 100 mA) for an ATW system.

Such an accelerator can be used to produce
intense fluxes of neutrons (1016 n/cm2/sec) at
largely thermal energies. This development led to
the identification of & new transmutation
performance region characterized by rapid
burnup, dilute material luadings, and low
material inventories present in the system. These
features also imply continuous material flow and
small capacity chemical processing systems.
This last feature has led us Lo investigate new
chemical processing options that will be described
later.

COMPONENTS AND UNIQUE FEATURES

Figure 1 illustrates the main features of the
A'TW gystem, A medium energy aceelerator
provides an intense proton beam to a central
neutron production target. (Depy nding upon the
apnlication this necelerator would opernte at
cnerpies around | GeV and at avernge current.
levels of 100 to 150 mA). Protons strike a heavy
metal production target 50 centimeters in
dinmeter and one meter in length, At an incident
proton energy of 800 MeV each proton produces
approximately 25 neutrons, This spallation tarpget
could be a flowing system based upon use of
fowing lead. Solid target designs using pebbles of
hipgh- melting point metals such ns tungsten or
uranium oxide are also under investigation.
Surrounding this central production tarpget 15 a
DO moderntor approximately 3 meters in
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spallation ta-get and extending over significant
volumes ( > 100 liters) are regions where the
neutron flux is high ( 5x1015 nicm2/sec to 1 x1016
n/cm%/sec). Within this heavv water moderator
materials to be transmuted would flow through a
very thermalized neutiron environment. A
flowing material system is necessary because of
high burnup rates that would make use of solid
rods impractical. The intense Hlux characteristics
of the system also lead to optimum performunce
for dilute material loadings (concentrations of less
than one volume percent). Thus materials would
be circulated in low-inventory carrier loops.
Carrier matesial forms under investigation
include oxide slurries, salts dissolved in water (or
heavy water), and/or a molten salt such as
L.iF/BeFy. Because of the low inventory feature of
the system (Lo be described later), the capacities of
the chemistry processing loops are also small
(typically tens of kilograms of material). For this
reason specialized chemical processing systems
can be developed or methods such as ion exchange
can be used that may not be practical for systems
requiring larger processing capacities. Use of a
fluoride molten salt as a carrier material enables
two features. First this maierial can contain the
heat gencrated during actinide fission in a
multiplying blanket system operating at a ket of
0 8 to 0.9. This salt would flow through the system
at temperatures of approximately 7009 C and could
provide thermal to electric conversion efficiencies
greater than forty percent, Under these
conditions a coupled accelerator/multiplying
blanket system would not only produce enough
power to run the accelerator but could supply
significant quantities of electricity to the
commercial grid at overall system efliciencies
around thirty percent. (This idea forms the basis
for a new energy production concept reported at
this Conference. 1 Use of molten salt could also
enable advanced separations echnology based
upon fluoride chemistry.

The system deseribed here hag several unique
features that make it different. from other concepls
(reactor or accelerator-based) for trunsmutation,
The first involves the feature of high performance
with small radionctive material loadings. The
transmutatinn rate of o Kystem s given by
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where T s the transmutation per unit time, @

19 the neatron lux, and o s the cross section for
the transmutation process, In the ATW intense
thermal neutron Nex system, the flux level s up
to 50 times hiygher than thermal systems such ns
lyzht water renctor. The penk ftux level enn also

ve up w ai uraer v magnitude mgher than fast
neutron systems. Cross sections for
transmutation processes at the.mal neutron
energies £re often significantly 1iore than an
order of magnitude greater than fcr fast neutron
systems. This cross section difference is true even
for fission of threshold actinides such as
neptunium, as will be explained later. The net
impact of these factors 18 that the mass term in
the above expression can be reduced by
commensurate amounts. Specifically the high
flux, large crosa section features of the ATW
concept allow material inventory reductions on
the order of a factor ¢f 100. The ATW system can
achieve transmutation performance with a
material inventory of less than 70 kilogramns that
i8 comparable to fast ncutron systems (reactor or
accelerator-driven) requiring inventories of up to
10,000 kilograms.

Another ATW feature enabled by the high flux
environment is the ability to efliciently fission
higher actinides such as 237Np. In a neutron flux
characteristic of thermal reactors, a neutron
interacting with %37 is captured to produce Z!8Np
which then decays after 2.i days to 238Pu,
Neutrons interacting with 238Pu are also most
likely captured to produce 239Pu. kinally a
neutron interucting with Z9Pu will fission
approximately 75 percent of the time. This fission
produces about 2.7 ueutrons. However at least
three neutrons were required to produce fission so
that in this instance a threshold fissioners such
as 237Np behaves ns a neutron absorber. Figure 2
illustrates this result for low flux conditions.
There the number of neutrons required to produce
n fission is plotted against neutron flux. This
result was obtained from calculations that
assumed a purely thermal spectrum and followed
high actinide production chains up through
californium,

Figure 2 also indicates the situation that occurs
at higher flux levels. As the flux level increases
there is an increasing probability that another
neutron will interact with ihe 238Np produced
during the first step of the process deseribed nbove
before deeny ean oceur. Z98Np has o large thermal
fisnsion cross section (» 2000 barng) and such
internctions will most likely lead to fisgion. In
thig inatanee 2.7 neutrons are produced in the
fisnion procesa and Lwo neutrons were required to
initinte it Thus at hagher Nuxes (generally nabove
about dx 101 n/em?/nee) neptunium will net nsn
net producer of neatrons. In nddition the eflective
crosn aection for fisnion is n function of flux level
and npproaches valazs of about H0 barns for Nuses
of 1016 pem®see Thas value s sigalicantly
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induced fission cross section which is on the order
of two bamas.

Finally the feature of low material inventory
has & very important impact on the processing
chemistry required in the ATW aystem. Since
inventories are on the order of less than 100
kilograms rather than thousands of kilograma
required in more conventional aystem, amall
capacity chemical separation systems can be
used. As will be illustrated later these have
cupacities of a few tens of kilograms which means
that n working A'TW chemical proceasing system
in only n small senleup from laboratory-sized
wystems. Thin feature also nllows development of
specinlized separntion processes that may be
impractical for larger systems, Examples include
use of ozonolysis in technetiun/reuthenium
separations loops, specinhized lignnd extractants
for netinide/lnnthanide separntions, and ion
exchange methods.

T'wo posgible application arcas for an ATW
system are being pursued. The first is associated
with cleanup of DOE defense high-level waste that
has resulted from reprocessing of production
reaclor fuels. This area will be deacribed in more
detail below. The second area involves a concept
for energy production using natural thorium or
uranium fuels. This system offers the promise of
power production at efficiencies comparable to
present light water reactors and would have
enough extra neutrons for concurrent dentruction
of long-lived high level waste genernced by the
system. Reference 1 describes this concept . Both
of these applications offer the potential for
development of A'TW technologies that could
significantly impact strategien for high-level
wasle management. They alwo provide
opportunities for development of n system that s
Inrgely independent of policy decisions conceromy:
reprocessing of commercinl wpent fuel.



A major thrust of ATW concept development
has been in the definition and anslysis of a point
design applicable to transmutation of long-lived
components of defense high-level waste. Such
woste is stored at sites such as Hanford,
Savannah River, and 1daho Falls. It is
characterized by large volumes although current
data indicate that long-lived fission product and
higher actinide components total about 20 metric
tons of material. A further emphasis of an ATW
system analysis effort has been in the context of a
possible application to HLW cleanup at the
Hanford site. There about 2000 kilograms of
technetivm and iodine along with approximately
600 kilograms of actinides such ar plutonium,
neptunium, and americiuin exist in waste
volumes totaling approximately 200,000 m3. A
cleanup strategy based on chemical separations of
radionuclides contained in these wastes followed
by transmutation could dramatically reduce
requirements for vitrification of large volumes of
Haiiford tank wastes. This in turn would reduce
the load upon storage in a geologic repository such
a8 Yucca Mountain. Transmutation of separated
wastes could furthermore enable increased
oplions for on-site storage, further reducing the
dependence upon deep geologic storage in cleanup
scennrios.,

An ATW system capable of handling the
Hanford 1amg-lived fission product and higher
actinide wesie described above is illustrated in
Figure 3. An uperations scenario of 30 years is
postulated revulting in tne requirement to
trunsmute approximately 100 kilograma of long-
lived radionuciiles per year. ‘This requires an
accelerntor naving a hbeam power of approximately
100 MW for a blanel system that has ininimal
multiplication. A8 described in Reference 2 the
most efficient beam +nd current parameters for
operntion are o boam eaergy of 800 MeV and an
avernge current of approx.mately 140 mA. Such
an necelerator would require 250 MWg for
operntion, A central neutren production target. is
surrounded by the heavy water blanket described
catlier. Neuvrnmes performance of an initial
design of o target. hlanket system are reported in
two companion papers presentad at this
conference. 34 Withiz the blanket, two aqueous
processing loops would be required. The first
would be loented near the spallation target and
would contain technetium or iodine at o
conventration of npproximately 60 grmmnwliter.
Separations required for this loop are technetium
from the stable bypreduct ruthenium and wtable
xenon produced during transmutation of VA9
The onter regnon of the blanket would contaia an
actimide mixture of plutonium, neptumum, and
amerteinm - VMatennl concentrations would be
lese than 10 gramwhiter. Separntions required tor

this loop Are more complex than for the fission
product loops described earlier. Here the
untransmuted actinides must be separated from
fission products produced during actinide
burnup. Most of these fission products are short-
lived and would be stored on-site for cooling. The
long-lived technetium and iodine129 would be
separated from this lump and would be
reintroduced into the fission product aqueous
portion of the blanket.

Chemical separations play a major role in the
overall efficiency of a transmutation system. We
have been defining flowsheets for possible
separations that could he utilized in an ATW
svstem. Figure 4 illustrates one such example for
separation of technetium from ruthenium when
an oxide slurry is utilized as the carrier medium
in the blanket. Technetium oxide (TcOg is
introduced into the blanket. After transmutation
the flow stream contains a mixture of technetium
and ruther.ium oxide. A slipstream is talen off
from the main loop where this mixture goes into a
calciner. There the mixture is heated Lo about
4009 C producing the volatile Tc20Q7. Ruthenium
dioxide does not volatilize but instead precipitates
out and is sent to grout. The Tc207 is then
reduced back to TcO2 using hydroxylamine and is
then reintroduced back into the tranamuter. This
separations process appears te provide capabilitics
for high chemical separations (> 0.9999) and
produces small waste streams that can be cleaned
up and recycled readily.

The defense HLLW application described here
provides n realistic basis for overall concept design
and wssessment of a trunsmutalion system.
Efforts are now underway to define a point design
and then assess it in termas of an overall mass
balance -- mass of material transmuted auring
the vperutional lifetime, mass of long-lived
radienuclides produced during operation,
untransmuted residues left at end of life, and
witste streams resulting from chemical
separations.  Proof-of-principle experiments are
alse underway to measure separntion factors for
processes such s the slurry-based system
described above. This technology development and
syslems analysis obviously have direct impanet and
extrapolation to possible applications involving
transmutation of long-lived radionuchide obtained
from reprocessed commercinl reactor spent fuel

The second focus aren for ATW in deseribed in
detani ia Reference 1. However o brel summary 1
prov:ded here for completencss Zero dimensional
ananlvees of o coupled accelerntor multiplving
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blanket system have been made using A1w
performance parameters. From such analyses a
concept for producing power using natural
thorium or uranium has been devised which is
illustrated schematically in Figure 5. For such a
systemn the ATW blanket would be divided into
three regions. The outermoat region would be an
aqueous one where, in the case of a thorium-based
system, thorium would be converted into
protactinium via neutron capture and 233Th
decay. The 233Pa would be continuously removed
from the system where it would decay to 233U .
The features of continuous material flow and
processing, coupled with the highly thermal
spectrum of the system, could be used to minimize
production of 232U, The 233U would be introduced
into a molten salt portion of the blanket which
would operate at a ke of approximately 0.9 and
would produce 3000 MWt. Heat extracted from
this molten salt loop would be converted to electric
power at an efficiency of greater than 40 percent.
Of the power produced approximately 20 percent
would be required to power the accelerator. The
accelerator is described in another contribution to
this Conference. 5 It would consume about 200
MW of electric power, although this figure could
be reduced through use of superconducting
technology for the accelerating structure.
Analyses of this system indicate that enough extra
neutrons would be available within the system to
transmute the portion of fission products created
that have half lives greater than 20 years. Eight
such fission products need to be considered for
transmutation. These would be introduced into an
aqueous inner loop for transmutation. Aqueous
chemical processing similar to that described
above would be used for the required separations.
The waste stream ansing from these
transmutations could meet surface disposal
requirements assuming decontamination factors
in the range of 0.999 to 0.9999. In such a thorium-
based system higher actinide production would be
inconscquential. Thus this system could produce
clectnaity using a long-term fuel source at
effliciencies comparable o current LWRs. It
would also destroy all components of long-lived,
HL.W produced during system operation.

SUMMARY

Technological advances provide the bhasis for a
new concept for transmutation of long-lived

radionuclides using an accelerator-driven intense
source of thermal neutrons. This source enables
conceptual design of a system that can efficiently
transmute all long-lived components of HLW and
which can do 80 in the context of a unique low-
inventcry operating environment. This system is
now being analyzed in the context of possible
application to transmutation of defense HLW as
well as development of an advanced concept for
energy production that creates little or no long-
term high-level waste stream.
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