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TECHNOLOGIES FOR DESTRUCTION OF LONG-LIVED
RADIONUCLIDES IN HIGH-LEVE:. NUCLEAR WASTI. -- OVERVIEW
AND REQUIREMENTS

KEdward 1). Arthur
Los Alamos National Laborat ry
Los Alamos, New Mexico 87545 (USA

Introduction

A major issue surrounding present nuclear power gencerittion is the
mamagement and disposal of long-lived, high-level waste (HLW), The
plimned, and scientifieally acceptable, destination for this waste is in deep
underground, geologically stable, repositories. However, public coneern:
surrounding such disposal of long-lived nuclenr wastes and other issues
such as prohiferation and safety negatively impact. the potential role that
muelenr power can play in mecting enurrent and future national enerpy
needs.

This paper, and this topical session on Nuelear Waste Mininnization,
Management and Remediation, fheuses on two muclear systems, and thew
assoctated technologies, that have the potential to address coneerns
surronnding long-lived radiomelides in high-lovel waste, Both systeme
ufler teennolopy applicable to HLW from present light- water veactors
(LW, Additionally these systems represent advanced nuelear power
cancepts that have inportant features associated with inteprated
nemagement of wastes, longr-term fuel supplies, and enhaneed safety.

The first system is the Integenl Past Reactor AIFR) coneept, This syitem
wearparate: o metal fucled fast reactor conpled with chenieal separatione:
hited an pyroprocessing to produce power while simultanconsly barmng
lonp hived actinide waste, TR applications mcelude burning of actondes
from curvent LWR spent fuel and enerpy production in a breeder
coviromnent. The seeond eoncept, Aceclerator Teansmuatation of Wieite
CATW), s based upen an aceelerator muduced imtense sonree of theenl
ventrons smd s anmed at destroetion of Tong lived acetinudes pad e
product:. This coneept ean be apphed to loag livial rpdionnelides o spent
el THLW e well i o fatnre fission power gsonvee hailt aronnd mee of
vatral thorimm we i as el conpled with conenreent wiste
destrrtion

Hoth these cancepts represent techoadopies nopeatant to caerpy and
coviromnent portta: of the national evttieal teebaolopae: et

They cwpdov appeoneho: hased on separaton:g smd teassmmtabon for
socpoactive wiite destonetion They arve both hewgs aecesol sader (he
Natimal Acodemy of Soenees apeaal stoudy on the mpact o portituanny:



and transmutation(I’T) on management and disposal of long-term HLW
v the Separntions Technology and Transmutation Systems (STATS)
Yianel. Internationally, transmutation and separations technology is being
pursited in France, Japan, Sweden, and Russial! as i means to
complentent repository-hased approiaches for nuclear waste disposal.

Transmutation Systems Performance Requirements and Impacts

HLW managemient strategies based upon partitioning and transmutation
must target major drivers associated with geologie disposal of wastes, The
first class inchides the actinides (plutoninm, neptuniun, americim) that
dominate intrusion rigks resulting from natural phenomena carthquake,
voleanie activities, cte) as well as possible human effirts to recover snch
cnergy producime materials. Intrusion risks associated with repository
storage appear to be receiving increased emphiasis heeause of proliferiation
concerns resulting from plutoninn in disposed miclear wastes.,  Examples
intelnde a recent. high-level Freneh study on plitoniam-ntrning in the
Phenix reactor iaud a National Academy of Sciences study on surplus
plutoniimu disposition. 2 The second area meludes long-lived fission
products such as technetinm®?), iodine 129, cesinm B35 which dominate
longr-term risks?d associated with geologic storage hecanse of their relatively
Iirge mohility in Yueen Mamtain-like environments.

The coupled partitioning- temeamutation process also provides @ means for
separating shorter-lived radmisotopes (30 year cesium B3V and strontimnmo)
that drive repasitory eapacities heeanse of heat load limitations, 1t ean odso
address speetal problent arens sneh as carbon 4 inventories whieh presem
difficultios for wmeeting Yneea Moantain vepnlatory requirements,

To realize sipnificant impaet on LW disposal and managrement,
teananntopfion systems and thete inluerent techunologes muast meet several
unportant regqnirement s simunuarized here. (h Reduction fietors in
nateril wmventories assectited with the negor rvisk devers: desevitlead above
wnst he Lirpe. This places requivenients of haph teacsanmtation eates oad
cificient separations performance on systems component:, G Waste
steeams from mtepral processipg components wnst he mmnzed so as to
proadiee o favorable system waterial halaoee Materal halanee
imesnents of trammmita G sysiteme: caapare the smonnts ol long: hved
radhonnchde destroved to other long Lived vachonucehde: proadaeed dige
svitem operatton an well an waste tepes, forme, and sunonnts eventel by the
transmutation syatem CH The system mnst hene enbaneed safety features
mder conditimnz of st apnfieant amonnts of higher actnde: ar
phntantun GO The preahiferatio vezeitant featares: of the syatem ot e
i tive,



Tochnology Development Needs

The mrclear aystems thit are the foeus of this Topical Sesston provade
options for dealing wath long-lived radioiactive wastes and for advaneed
mnclear energy systems. For these systems to be successinl, sigmificant
technology develepment is reguired in arcas that include advanced reactor
and muclear system design, high: power aceelerators, and efficient
chemical separations.  Although transmutation techunology is highlipghted
in reporty such ax the Department of Energy Defense (Critical Technologries
'land, national budgetary pressures and a short-term foens on meeting
energy needs negatively impeact prospeets for funding to support necded
technology develoapment. Several stens conld connter such negative
outlooks in transmatation technology development. The first wonld reqinre
a povernmental contmitinent to support rescarch and technolopy
development to assess PPT impacts on HEW mmmnegrement and disposal inoa
fashion similar to programs in France and Japan, Cloxely associated with
sueh a step would he an aggressive effort to actively involve U S, industry ia
such technology development and demonstration  The final effort shonld
mvaolve significimt interaction with foreipn offorts and progrins,
partienlarly those in areas such as large seale chemieal separations where
symtficant foreym exportise exists,
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