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* IRMM’s Neutron physics unit
 IRMM'’s accelerators

e Th-U cycle activities
 Fission products

« EUROTRANS activities

e 241Am project

e Conclusions
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Action 51401
— Basic Research in Nuclear Physics and Nuclear Data Standards
Action 51402

— Nuclear data for radioactive waste management and safety of new reactor
developments

FP6-FP7 projects involvement

— EUROTRANS (FP6)

« EUROpean Research Programme for the TRANSmutation of High Level
Nuclear Waste in an Accelerator Driven System

— NUDAME (FP6)
* NUclear DAta MEasurements (Transnational access)
— ANCIENT CHARM (FP6)

» Analysis by Neutron Resonant Capture Imaging and other Emerging Neutron
Techniques: new Cultural Heritage and Archaeological Research Methods

— EFNUDAT (FP6)

» European Facilities of NUclear DATa Measurements (I13)
— Candide (FP6)

» Coordination Action on Nuclear Data for Industrial Development in Europe
— EUFRAT (FP7) (in preparation phase)

» European facility for innovative reactor and transmutation neutron data



NP unit of IRMM

IAEA — CRP

— Evaluated nuclear data for Thorium-Uranium Fuel cycle

— Improvement of the Standard Cross Sections
for Light Elements

— Reference Database for Neutron Activation Analysis

— Parameters for Calculation of Nuclear Reactions of
Relevance to Non-energy Applications (RIPL-3)

— Minor Actinide Nuclear Reaction Data (MANREAD)
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7 MV VDG for protons,
deuterons and helium ions

Quasi mono-energetic neutrons
via nuclear reactions

Incident ion from

accelerator

T(d, n) 4 H E Heavy reacticn

product
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* single-user facility

6 different beam lines
* 24 hours / day basis
o 7 days per week




JRC GELINA pulsed neutron source /i%/lm
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Electron accelerator Compression magnet
= = = m [(= L el . jj"

» 150 MeV electron accelerator » Pulse compression magnet
* 10 ns burst, 10 A peak » <1 ns burst, >100 A peak
» 800 bursts/s
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Electron-neutron conversion target

12 Flight paths
810400 m

« Uranium target — rotating, mercury cooled
4 1019 neutrons / burst

moderated or fast neutron spectrum
24 h/d, 100 h/w
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JRC The Thorium nuclear fuel cycle
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Advantages: * Very low production of long-lived radiotoxic waste

 Thorium much more abundant in nature than Uranium

233‘|’h .
22 min
n, 3n T n
232Th
1.410°%y
n,f
i n, 2n
231Th -
26 h — >
T <
230Th
> <
7510y .
n,
KX 4

233Pa takes part in the Thorium
cycle as an intermediate isotope
between the 232Th source material
and the 233U fuel material

234pg - 234 n, 3n
1.3m; 6.8 h > 2410y iy
Fo DR
233pg ) 233
27 d 1610y nf
ln,Zn ‘/ln,ZnT n, Y
232Ppg ) 232§
1.3d 69y .
T n, X ln,xn 4
Zlpa
310ty
l n, 2n
230pg
17 d
Of interest to ADS and
—_—

other Thorium-fuel based

concepts
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JRC Accuracy requirements

Requirements to data accuracy (in %) for fast mracind accelerator driven systems

according to IAEA report INDC(NDS)-408, 1999

Data Th-232| Pa-231 Pa-233| U-232 | U-233 | U-234| U-236
(n,9 1-2 10 3-10 50 3 b 10
(n,f) 5 20 20 20 1 3 5
(n,n") 5 - - - 10 1Q 20
(n,2n) 5 20 30 5 15 20D
(n,3n) - - - - 15 -
total 3 3 5 5
(n,p) and () 20-30 20-30 20-30 -
<np> 5 1 3 5
<ng> 5 3 5-10 5C
fission product 5 5 10 20-30
yields

“It Is not feasible at present to measure the
energy dependence of the fission cross section
for 233Pa.”

- IAEA report INDC(CCP)-416, 1999
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3 GELINA 800 Hz at FP5 L =14.3 m
GELINA: 10° €

very smooth background composition
Black Filter identical to background
From 10 keV same fluence as n_TOF

n_TOF: 3
Higher instantaneous flux -
Larger and energy dependent background
Worse Signal/Noise ratio

-

— -
1 O 3 oo

3

-

n-TOF
—%’Th (0.0041 at/b)

208

o ——®®pp

GELINA
—***Th (0.0016 at/b)

208

— — "7Pb
- ——-open beam

10 10° 10°
Neutron Energy / eV
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Unresolved Resonance Region
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Comment by A. Ignatyuk: Th-capture x-section now be  tter known than for 238U (INDC(NDS) 494, 2006)



Fission cross-section (b)
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233Pa(n,f) cross section

® Bruyeres

o New data M.Petit

- ENDF/B-VI

JENDL 3.3

o

]
E (MeV)

—_
o
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 The present result is lower than
all previous evaluations and
experiments. Model independent.

* Reasonable agreement  with
JENDL-3.3 below second-chance
fission.

 Cross section values extracted
from fission probability data are
model dependent . They are in
reasonable agreement with the
present result, but seem to
overestimate the cross section.

232Th(3He,pf) >**Pa

Model calculation
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231Pa(n,f)

i v l l v l v l v l v i
3+ PRESENT 231 — — JENDL -
I — (0,0 total n-+ 3 Pa ENDF ]
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L (n,nf) A |RMM -
-—--(n,2nf)
[ (n,3nf) 3
i e (N, 4n)

N
I

Fission cross section (b)
|_\

-

e

EXFOR:
Plattard et.al.(1981)
Muir et al.(1971)

M.Petit et al. (2002)
Kobayashi et al. (2001) |
Kobayashiet al. (1975)

T

........... —

IAEA-CRP F4.10.20 "Evaluated Nuclear Data for ThartUranium Fuel Cycle"
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Nuclide Priority Level
More accurate nuclear data are storrer et al. salvatores
ded for- Burnup Reprocessing
neeae : . 1035 1
to operate conventional nuclear 133 o 1
power plants at increased fuel 147 1
burn-up _ 1499 m 1
for fu_e_l reprocessing 1525 m 1
for criticality safety of spent fuel 143N d 2 1
storages 145N d 1
18E Y 2 1
155Eu 1
15SG d 1

M. Salvatores, ND2002, J. Sci. & Techn. 2 (2002) p. 4
F. Storrer et al., ND2002, J. Sci. & Techn. 2 (2002) p. 1357
NEA High Priority List, March 2001
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JRC  103Rn(n. g ik

— Exp.

— Exp.
— — ENDF/B-VI

— — RSA (REFIT)

(Y_/n) / barn
H
OH

D00, 905 . . ..010 . .. SR S T
107 10™ 10° 100 ~ 107 10™ 10° 10"
Neutron Energy / eV Neutron Energy / eV
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JRC 19Rh(n, @ from s, & (n,Q) gL
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Author Year S (Ny,9)
Mughabghab 2003 145.0 (2.0)
Harris et al. 1950 172.0 (8.6)
Pommerance etal. 1951 150.0 (7.5)
(renormalised) 155.7 (7.8)
Cummins et al. 1957 149.0 (5.0)
(renormalised) 145.6 (4.0)
Fuketa et al. 1960 164.0 (11.0)
Walter et al. 1969 146.0 (3.2)
Dilg et al. 1974 144.8 (0.7)
Lee et al. 2003 133.0 (0.9)

Transmission & Capture
measurements at GELINA

at 25.3 meV
S, = 1420(1.5 Db
s@<Maxw.> = 145.2 (1.5 b

Better agreement with
integral data

(JEFDOC912, O. Bouland et al.)
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Task T5.2.1 Pb and Bi cross section and branching
ratios (Po production)

5.2.1.1 High resolution excitation functions for th e
inelastic scattering cross sections of Pb and Bi

Critical to model correctly the ADS core neutron spectra
206,207, 208P[y and 2%9Bi, thr-20 MeV by (n,n’g) at Gelina
5.2.1.2 Bi capture branching ratio

Production of 21%9Bi is the mechanism leading to ?°Po
production. 19MBj decay & to 29°TlI. R,
210Po is one of the main ADS target and coolant activation
concerns

209Bi(n,g)*1°M9Bi capture B.R. and energy dependence
5.2.1.4 Measurements of Pb and Bi (n,xn) cross

sections

Effects on the neutron multiplication and the source
importance of ADS cooled with Pb/Bi or using Pb/Bi
spallation target ¢
206pPp,299Bj (n,xnQ)

Po2l0
1.38E+02d

Po2ll Po212
516ms
5z

Bi208 BA2R9 Bi2lo Bi2ll
3 BEE+05m stable 217m

iy | \EER
‘ [] []

Po207 Pb208 Ph209 Pph210
stable stable ~.28h 2232

TI208 TI209
3.0Em 2.2m




JRC GAINS, a Germanium Array for Inelastic /iTWl

Neutron Scattering Wl

8 x HPGe @ 110°and 150°
Digitizer based acquisition:
Acqiris DC440

(12 bits, 420 Ms/s)

235y neutron flux monitor

Cross sections 3-5% accuracy
High resolution E, and E

200 m flight path
gray spectroscopy

GenlV

Salvatores et al.
Fe, Si, Na, Mo, Zr

2 I I

?
{_L

—_
]
|

o (arb. units)

56Fe(n,n’g)

5000 10000 15000

E, (keV)
.l | Ll

5000 10000

Gamma energy (channel)
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High resolution above threshold: resonance structure
Full range cross sections need isomer corrections: TAL

5.2.1.1 Inelastic scattering

: This work —
206
- Pb
@
o2k
b 0.5
0 T T
10 N,TOT RIS
€
@
=
b 5
800 850 900 950 1000
This work — N,INL
‘| 9
5 207
: Pb
i
N 05}
0F
10 | N, TOT ORELA
3
©
=
b
5F
600 650 700 750 800

E. (keV)

206,207pp

YS

206pPp

207Pbh



5.2.1.4 Results for (n,2n) and (n,3n) reactions
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5.2.1.2 299Bi(n, @ branching ratio
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209Bj+n

210mBj a-decay
important for 271 keV
waste disposal

a (3x106a)

206 0 —
TI 210PO 0
b- (4.2 m) a (138d)
0+

- === 210Bj*

210po a-decay
important for
operation safety

210B;j \

206pp

107 ¢

—— JENDL/A-96
- Ichihara
— — -ENDF/B-VI
A Saijto
m BNC
O This Work
m JLL

10° 10° 10°

10* 10°

Neutron Energy / eV

b (5d)

Important for any system using Bi as

coolant, moderator or target (ADS)

22



241Am project

Collaboration JRC — CEA: IRMM, ITU, CEA-Cadarache, Marcoule,
Saclay

Measurements requested by CEA (Nudame, PHD student) to
Improve understanding of transmutation fuel and post
irradiation experiments

Transmission and capture at GELINA
Thermal to 20 eV

Activation
(n,2n) IRMM
(n,g EFNUDAT (FZK, ...)



241Am samples
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AmO, in Al ,0O, o $ VO&H #
~40 mg 2**Am
Solgel bead technique
ITU

Nastren, Holzhauser,
Fernandez, Brossard, Wastin,
Ottmar, Somers

Activation
measurements (40 mq)

Transmission and
capture (300 mg)

AmO, in Y ,0,~300 mg *Am



241Am(n,2n) 240Am
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NUDAME project, CEA
Activation technique
First set of experiments January 2007
E, = 8.2 and 9.0 MeV at Van de Graalff
D(d,n) source, gas-in minus gas-out
(minor residual breakup neutrons)
Two gamma-rays
988 keV OK, (73%), 889 keV(25%) is contaminated
Additional measurements performed between 14-20 MeV

25



241Am, first transmission data
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- First indication of sample homogeneity is very good

* No additional line broadening required to fit the data

1.0
0.8
0.6

0.4

Transmission

0.2

Residuals
O w o w

Energy (eV)



Conclusions

* IRMM well equipped for cross section measurements.

« Continued upgrade of unique accelerator infrastructure for
reliable operation.

 TAA scheme (NUDAME, EUFRAT) allows outside groups
to apply for measurement time.



