re and Waste
utation

Tain
ca Corpuscular

. . fjﬁi%i
Iv. Valencia X )

Valencia, September 4-12, 2003




e lectures

loactive waste, ADS
. Benlliure)

ory and practice

Waste Transmutation



ransmutation,

r Data




ts in the world:

Number of Reactors in Operation Worldwide
(as of 15 February 2003)

s i
FRANCE
JApa

K
RUSSIA
GERMANY
KOREA REP.of
CANADA
INDIA . -
UKRAME Marld Tatal = 44
SPAN g
BELGIN =11
CHIA UE Total; 141

CZECHRE, =i

SLOVAKA =

SUTZERLAND
BLGARIA
FNLAND

HUNGARY =
ARGENTINA =22
BRAZL [

mecqmm.mm WA B
; SRR ' MEXICO

— — — — —
20}y 80"\ )"\ 0 0 1IN B a() 20 N PAK]SI'[AN :

SOUTH AFRICA |
ARMENIA 1
HETHERLAHDS B4
ROMANIA B11
SLOVENA b1

0 il 10 £ il a0

Waste Transmutation 4



LITHUANIA
FRANCE
BELGIUM

SLOVAKIA

BULGARIA
UKRAINE
SWEDEN

SLOVENIA

ARMENIA
SVITZERLAND
KDREA, REP. OF
HUNGARY
JAPAN

GERMANY
FINLAND

SPAIN
CZECH REP.

generation:

Nuclear Share in Electricity Generation in 2002

@7

1405

1305
1385
364
1345
1299
7245

13

UK 1224
UsA 1203
RUSSIA 16.0
CANADA 1123
ROMANIA 1103
ARGENTINA 17.2
5. AFRICA 54
MEXICO 144
NETHERLANDS 40
BRAZIL 40
INDIA, =37
PAKISTAN =125
cHiNg T=14

=547

3501
78.0

00 00 300 400 50.0

0.0 700

:
80.0

Transmutation




CHAIN REACTION
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generation:

ng the energy generation process:

ON

Fission Product

b(15s) ® *Mo(66h) ® °Tc(2.1x10%)

) ® 239Pu(2.4x10%)

OPu ® 241Pu(14.4y) ® 24TAm(432y)

Minor Actinides

will take place...
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hazard of HLW in the long term is

cineration):

Is it possible to use
the same reactions
that create the waste
to destroy it?

g

The key point is the
separation of the
different components
from spent fuel (or
partitioning)

) ® 100Ru.

Waste Transmutation
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g energy dependence ...
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No.1 fuel cycle (Fuel cycle at a commercial power reactor)
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- Recovery U, Pu J High—level radicactive
——————— waste (TRU, FP)

]

Mao.2 fuel cycle
(fuel cycle for partitioning and transmutation)

s

Storage of Trfan.srnutatmn plar'lt Fuel pmductlnn Partitioning plant Storage
nuclear waste plant

TRU, Lang-life FP T

- U —
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B

TRU : Transuraniums
FP : Fission products
MA : Minor actinides

Final disposal site (less than 500 years)
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2000 MWt
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Present in nuclear wastes
Medium Half-Life (<100 afios)

~ Short Half-Life (< 30 dias)

High A actinides

Av. Flux Intensity (n/cm2/s)

Fast Fission

Low Fission Cross Section

Thermal and Fast Fission

f TRU: set of reactions

TRU Transmutation Scheme

Fast Spectrum

15582935,494

239 Symbol & Mass

Decay modes
Branching ratios
Half-Life
Absorption-Half-Life

3,00E+15
Cm24 Cm?243 Cm24 Cm24 Cm246 Cm?247
Second 1 Time Unit
Hour 3600 31570560 100/ 6.2E-6 99.7/0.29/ 5.3€-9 100/ 1.35E-4 100/6.1E-7 100/3E-2 100
Day 86400 0,446 29,069 18,080) 8490,695 4724,813
Year 3E+07 18,130) 2,798 6,257 2922 16,459
64,7% 8,0% 65,2% 11,4% 44,6%
AM241 [P Am242 [am242m »Am243
b- /EC |IT/a /SF b- /EC
100/3.77E-10 82.7/17.3 p9.5/0.46/1€-3 100/ 3.7E-9 100/ 4E-2
432,225 0,002 140,846 7361,922 0,001
3,652 17,792 1,844 4,892
44% : 44% 13.1% 8,4% 87,0%
| !
/ +
] [
Pu239 »Pu240 Pu241] Pu242
| b- /a b-
100/ 1.9E-7 100/ 3.1E-10 100/ 5.7E-6 100/ 2.45E-3 100/ 5.5E-4 100
87,644 24083,608 6556,805 14,334 372891,707 0,001
4,220 3,477 9,033 2,688 11,354 6,775
37,5% 19,4% 54,8% 14.2% 61,1% 30,6%
a /SF b- b-
100/ 2E-12 100 100 100/3.1E-10
2137656,095 0,006 0,006 24083,609)
4332 Ln@)/(ST) | ——F 3,477
81,5% 19,4%

and Waste Transmutation
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Ing) methods

rator, the spallation target

ur and transmutation rates

acy nuclear data:
n yield, residues (< J. Benlliure)

. fission, capture, (n,xn),... on
nd structural materials
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CSISRS/ENDF data for 233U(n,y)
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I OBJECTIVES of the “n_TOF-ND-ADS® EC Project I E

' Measure with a precision of few % the appropriate capture, fission
for elements with relatively well known cross-sections ('*7Au, 2+%*Mg,
207Pp, 56Fe, 235U and 238U) though their knowledge at high energies is
still limited.

v Determine with a precision of few % the capture cross sections for
the isotopes, relevant to the Th-cycle: 232Th, 231Pa, 2331, 234, 236,

v Determine with a precision of few % the capture cross sections for
the transuranic isotopes: 237TNp, 240py, 242py, 241Am, 243A
245G m.

v Determine with a precision of few % the capture cross sections of
specific LLFF as 15'8Sm, %9T¢, '2?|, 798e, %3Zr and further on
205,208,207Ph and 2°°Bi.

v Determine with a precision of few % the fission cross sections of:
202y, 231pg, 283-238) 287Np 241Am, 243Am, 244Cm and 245Cm.

v Precise measurement of (n,xn) cross sections using also activation
techniques of:
203y, 202Th, 201Pg, 200py, 241Py, 241Am, 243Am, 237Np and 2°7Pb.

v Measure the total cross sections of: 227Np, 129|, 239Py and 24°Pu.

V" Measure capture and fission cross sections at given neutron
energies with mono-energetic beams of the isotopes:
“'Tl'l. Hlu’ '“Np, iﬂ,lﬂAm and “TG, 'IHI' "50, -ll‘lsm. "'CB.

aste Transmutation

23



lve capture:
practice




elastic

energies

Neutron .

MNucleus
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or certain neutron energies E_
| states: resonances

)n separation energy of CN ( <10MeV )
paration D, ~ 1 eV — 100 keV
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cross-section

resolution
<4»

resolved unresolved overlapping

log E,

ng the R-Matrix formalism, in

cribed by Hauser-Feshbach

lear theory cannot predict the

ecessary.
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apture cross sections
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ction Data

| data on capture, total, fission, ...
ters are obtained for every nucleus.

ross-checked for consistency, etc, in
a recommended set of parameters is

Evaluated Nuclear Data File using an

)
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reactions
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te Transmutation
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number of
experimental
complications
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Beams

nge: 1meV — 100MeV

elerated, they have to be produced
energy and eventually decelerated
d)

tion

cities (“chopper”)

e Light-ion accelerator
* Electron LINACS

» Spallation
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Geel Electron LINear Accelerator

J ; 100 m
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Figure 2.8 Localisation des bases de vol ot des salles expérimentales
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...n_TOF

Jeration process and the
peam parameters: intensity-
1 spatial distribution.
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time vs. energy

Iug‘w{ﬂEJ (E inaV)

Beam energy-
resolution
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—

[ Monte Carlo RF: E =4-7e\|
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... also important:
time spread of beam
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Neutrons on sample

distribution
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g Technique .

* Irradiation: A(n,gA+1
» A+1 radioactive with suitable T,

* Measurement of characteristic
gray of known Igwith Ge detector
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energy is obtained by
(Maier-Leibniz):

smutation

B T io
Enorgy {MeW')
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Fix “experimental” WF

1.15keV @%Fe

E, = 1260 ke

EXPER
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neutron sensitivity
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ector pulses

* DX =2ns
* E, down to 0.6eV
* 0.5 MB/pulse/detector

memory

“vFlash" & relativistic particles
Run: 1911 event: 1

1) R S —
% 200 i I
D - Run: 1772 event: 1 % full response af the PMT
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smutation

S{E) =

Ng

nT'

N,(E)

shielded

Single-
scattering

5§Ni(n ,g).

! Eg=136.6keV |
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1.15 keV Fe 2.0<45mm Csﬁh‘

En=1.15keV

fit the data and extract the parameters:
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Slow neutron capture nucleosynthesis (s-process)

“Cu | “Cur¥Cu
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70.86d 1007\ 5272a 1.65h
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208pp

56Fe —er ——SpsFe ——Snge 60Fe 61Fe
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178Hf
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210 211
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neutron-rich nuclei i
wpy, | #5pp ph |2p,
1.

15Ma 24.1 221

= Pb|

pp

524

3.253h

e VI VB VR

295 3.78a F0.47

line of beta stability
“Hg "Hg "“Hg > Hg

29.86 46.59d 6.87 5.2m

int of s-process & ADS target-coolant
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