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The proliferation resistance of a spent fuel treatment option “is
defined as that characteristic that impedes the diversion or undeclared
production of fissile material or misuse of its technology” = . Under
diversion we understand also theft by sub-national groups and define

fissile material as weapon useable Pu, Np and Am-241

IAEA-TECDOC-1434, p.133 (2004)
IAEA restricted distribution Doc.GOV/1998/61,1998 and IAEA Doc.
Safeguards Criteria, section 7, TS no.3, 1994
The term spent nuclear fuel standard from thermal or fast reactors is here
extended to the separated actinide-mix (with a 50% U content and a Cm abundance
of 1% or more) and containing about 2% of fission products. Like spent fuel is this
mixture not weapon useable unless the fissile material is separated.



Jhe concen aliout nuclear weapon prolifenation is
thieefald:

eSpread of knowledge to design a nuclear device
cInanster of sensitive technalagies for U-235 isatope

erviichment ox fox the chemical separation of pure
weapan grade fissile matesial
*Diversion ax theft of weapon usealile materials




Ihe misuse of the “peaceful’’ technaologies for
useabile plutonium weduced public acceptance of
nuclear energy genevation.




States with an estabilisfed clased fuel cycle technelogy.

Emenging from its military applicatien the PUREX technelogy
has been adapted to process spent fuel fram civil nuclear

enewgy genervation. Same states (e.g. W.K., France ) offer this
sewice to other states



Development of advanced spent fuel reprocessing aims at
technologies with intrinsic bavviiens that - under nevmal
operation - exclude the preduction of weapan useabile fissile
matevial at all stages of the process. Camplementary
instituticnal measures would have te verify the declaed
aperation and detect any alteration of the licensed process for a
clandestine production of weapon useabile Lissile matetial.

T echnical bawiiers must hamper a change of the licensed

precess.



The detection of clandestine aperations is subiject te |AEA
safequarnds under the “additional pretocal”. Fence for such a
scenavio. the wale of internaticnal safequards by the |AEA weuld

watfien be to venify the abisence of weapon useabile Lissile
matedial than of verifying the existence ef a declared mass of

weapen useabile Lissile matevial.



Udvanced reprocessing will separate U elements
tagethe.

French GANEX pracess

CRIEPI electrorelining
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Uccording te |IAEA TEC-DOC-1434, 136 proliferation
wesistance ciiteria sfhould meet twa basic principles:
“prolifenation features and measures shall be implemented
essential, and neitfier shall be considered sufficient by itself.”

FHowever we should nete that intiinsic features are supetion to
eatiinsic features. I he latter axe subiject to malevalent fuuman
intewentions. J fenefore processes with a large intiinsic
prolifenation potential must be prefevied.



Intunsic prolifenation wesistance features
of advanced repracessing:

degree of difficulty to separate cut fissile matevial from
final ox intevmediate products.

Case to change ax to adapt a technclogy from novmal to
abnermal aperation to separate cut weapon useabile fissile
matexial.

The pracess has anly intevmediate on final products

emitting a fatal sadiation dese for significant quantities.
: JIntegrated cancepts are favouring CLS measures.



Upplicable institutional measwies

JCALS camprising the neactor with
integrated pyro-processing plant

JSwweillance of FR tlanket
pracessing



Measuwres of intexnationt safeguards applied to a pyro-
proceesing and fuel fabrication plant

1 4

Fresh
- Fuel
= L IC Storage
— N A 1 |
Spent KMP ER | 5 CP |[u
Fuel ™ EC || 11,1, 2 feq LI
Storage 5 — Kz"gp
CdT, ST DT Exgess
. 1 storage
C&S
1l m | i
v v v v

C&S, NMA NMA C&S



Intinsic Preliferation Baviiews of the
Minxced Un-Product

d Lethal dose by extennal radiatien of KG size
masses

A Fatal dese by incanporation of wadietorxic
matevial

JRequires biclegical shielding

A FHeat production te degrade detenators and to
distest sphete shape (mose than 200 W per

A FHigh neutron background to initiate preignition
(mare than 100 neutrons in a microsecond pex



Radiation Type per gTUmix gLWR Pu

alpha-activity (Ci) 2 0.1
n-activity (n/sec) 7 E04 3 E2
photons/sec 5E10 5E8

MeV/sec 2 E10 5 Eb6



JE the present spent LWR fuel is processed in due time, then we
can expect a decay feat ef at least of 300 W in a 5 Hg nuclear
device made of the clitained TU-mix, enaugh to have the
detenater melting and phase transitions changing the shape of
the fissile matesial sphere



Weapen grade plutonium will generate 0.1 neutrons by
spaontaneous fissien duting a sphetical shock wave petiod of
aliout 5 micro sec. Depending to what extend Cm-244 has
obsewve much maxe neutrons than for a nuclear device made of a
ane year ald U mix with 100 te 5,000 neutrons.



half-lives[a] critical mass V"‘:ﬂ
kgl
o- decay | Spontmeous me talsph erg 085
fission stelrefled or goall
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= ca 658 require a highly sophisticated design to turn it into an
_ﬂ explosive device. Nevertheless, one should not underestimate
Curium the danger of nuclear explosions even with "fizzy yields" to
o ca 1277 which this material renders itself.

EW Tnsitute for Transurasi am Elemens. Nwler Chemitry, L Koch . Jn 200
3



Nuclides Weight (¢) N neutuons
(nfs)

Np-237 248

Pu-238 91 2 &5

Pu-239 2540

Pu-240 1130 1 &6

Pu-242 280 5 &5

(m-241 46

Cm-242 1.5 3 &7

Cm-244 18 2 &8

Cm-246 0.8 7 &6

Fetal 5000 2.568




Predicted preignition yields of TU-mix

With a neutron backgreund of &8 te E9 nfsec in a 5 Hg mass device
ca.l0 nsec) when citicality is weached. (Ut this paint the implosien
shackwave fas nat yet compacted the mass stwongly.

Uccording to a simplified appreach ((§.C. Mark, Science & Glabal
Secunity, Vald p I11LL , 1993 ) the neleased energy yield is te nth
pawer of the naminal yield of a tiinity device (neminal yield being .94
of 20.000 t TNT, n equal 250 times higher neutren background ).
With a fast compaction the yield is 4 Kg TNT

Uccarding te (W.Seyfritz Nukleare Sprenghirper, K.Jhiemig
Velag p.54, 1983 )the neleased energy is 7.5 (NI ) exp.-1.5. With
J=5 &-6 sec again and N= 1 &9 neutrons [sec, a 5 Hyg device waould
welease an enewgy equivalent of about 3 Kg NI



States with nuclear enengy generation - but having not yet
estabilisfed a closed fuel cycle technalogy are planning to

subtstitute PUREX tecfinology by developing alternative
processes (e.g. DUPIC ax advanced neprocessing with a co-

separation of actinide elements ).
T he alijective is thueefold: neduction of the long living radic-

toxicity, by enlarging the storage capacity of wepasitories at the
same time and increase of prolifenation nesistance




