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The nuclear waste problem

244, 245Cm
1.5 Kg/yr

241Am:11.6 Kg/yr
243Am: 4.8 Kg/yr

239py: 125 Kg/yr

w5 168,5,124..
sy

L)
o 290 o ~ 00

23’Np: 16 Kg/yr

Taone LLFP
wd01%3%0 ¥
A 76.2 Kg/yr

aTOF LLFP Quantities refer to yearly production in 1 GW, LW reactor

o \
- ﬁx G. Tagliente AccApp'13 7/6/13 Bruges, Belgium




The actinide problem
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Most minor actinides are not fissile (fission
threshold around 1 MeV). Incineration
requires a fast neutron spectrum (E, >10 keV).

Generation IV fast reactors and dedicated
burners (Accelerator Driven Systems) are
being proposed as a possible solution.

: Main problem in the nuclear waste are the
I transuranic actinides: Np, Pu, Am, Cm, ...

|
|
|
:At present, only solution to high-level nuclear:
| waste is storage in geological repositories I

A more appealing solution:

nuclear waste

incineration by means of neutron-induced
reactions (mostly fission).
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The Th/U fuel cycle J

Cm242 | Cm243 | Cm244 | Cm 245 | Cm 246
18,10 a .
:tm;&?ﬁ...

a
YA e
e i1&e 1t

Pu 239 ; Pu 242
2411 10%a ! 3,750 10%a
n 5157 5144 w5168, 5124, nd 901,405, ..
iy 182.) #y s :

[ 3 [y ]

o290, 0y ~ 08

1405%

wd NXIND o
YR LS
o7 7901 )00

232Th(n,y)233Th B_’t]4g=22‘}1 233pg B',t1/2=27g 233

= LLFP LLFP
i

G. Tagliente AccApp'13 7/6/13 Bruges, Belgium




The n_TOF facility at CERN J

Data on a large number of isotopes are needed for Nuclear Astrophysics, for design of
advanced systems and for improving safety of current reactors.
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(n_TOF is a spallation neutron\
source based on 20 GeV/c
protons from the CERN PS
hitting a Pb block (~360
neutrons per proton).

\Experimental area at 185 m./

G. Tagliente AccApp'l13 7/6/13 Bruges, Belgium




aaaaaa

Ax

2000

1995-1997

1997

TARC
experiment

R| Feasibility
CERN/LHC/
98-02+Add

—istarted

Proposal
submitted

Aug 1998

Concept

by C.Rubbia
CERN/ET/Int.
Note 97-19

Commissioning

_n__T_QF tin}e lil_le

Q) Construction

2001-2004

\ o))
5 8
S NiPhase ll
i 107 ‘IN

© eon oy /v S Problem
Phase | Qlinvestigation
Isotopes 3 "
Capture: 25
Fission: 11

G. Tagliente (INFN Italy) @ ERAWA

31/08/2011

o
i
=]
o

Upgrades:
Borated-H,0
becond Line

Class-A

e ~N
New Target p=
3 (o]
construction SlPhase I
. . . O
o COMMissioningQisotopes
S Capture: 14
N Bm . .
> | Fission: 6
>
= (n,a): 2

2013-2014

Construction
-FAR2




The new spallation target

The cooling and the moderator systems in the target are separated, so to optimize
neutron spectrum or minimize background

¥ Moderator
41 (4 cm)

Cooling water
(1 cm)

. Retention
vessel
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The facility
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The n_TOF facility J

Advantages of the PS proton beam: high energy, high peak current, low duty cycle.
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—— Normal water

—— Borated water

Main feature: high instantaneous
neutron flux (10° n/pulse).

IIIIII|

n e very convenient for measurements of
radioactive isotopes (maximizes signal-to-
background ratio)

Neutrons/ln(En)/7e12 ppPp
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* ideal facility for actinides (nuclear
technology)
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Other features of the neutron beam:

* high resolution in energy (4E/E = 104 ................. study resonances
* wide energy range (25 meV<E <1GeV) ................... measure fission from thermal to GeV
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Detectors for capture reactions ...

4

Er

E2
E1

0.0

Capture reactions are measured by detecting
v-rays emitted in the de-excitation process.

At n_TOF, two detection systems are used,
for different purposes.

CsD, (deuterated liquid scintillators)
* low neutron sensitivity device
» used for low cross-section samples

Total Absorption Calorimeter (TAC)

* High-efficiency 4m detector (40 BaF,
scintillators with neutron shielding)

* mostly used for fissile isotopes (actinides)

I~

n_TOF .

G. Tagliente AccApp'l13 7/6/13 Bruges, Belgium 12



... and for fission J

Several systems have been used for detecting fission fragments.
The main problem in fission measurements is the background due to a-decay.

Micromegas chamber

* low-noise, high-gain, radiation-hard detector

Parallel Plate Avalanche Counters (PPAC)
<1« Fission fragments detected in coincidence

* Very good rejection of a-background
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The n_TOF measurements

Phase 1
(2001-2004)
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232Th
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Phase 2
(2009-2012)

Capture
25Mg
88Gr

58,60,62Ni 63 Ni
)
54,56,57Fe

92719371

236,238

241Am

Fission

240,242Pu

235U(n,y/f)

232Th, 234U
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335,59Ni
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The neutron flux measurement

Reaction Standard energy range

H(n.n) 1 keV to 20 MeV

“He(n.t) 0.0253 eV to 50 keV

“Li(n, o) 0.0253 eV to 1 MeV

YB(n, o) 0.0253 eV to 1 MeV

BTAu(n.~) 0.0253 eV and 0.2 MeV to 2.5 MeV
Un, f)  0.0253 eV and 0.15 MeV to 200 MeV
E5U(n, f) 2 MeV to 200 MeV

Neutron beam
— I

T ]
2 i i i 7
5 10°k : .

2 —6Li(n,0)t _f
Q -
p —B(n,a.)’Li -
8 i
© 10 =

Ll llllll

1l llllul

11 " 210 LA Ll 1 | IJ
10?2 10’ 1 0 10¢ 10° 10t 10° 10° o

neutron energy]eV]

G. Tagliente AccApp'l13 7/6/13 Bruges, Belgium 15



The neutron flux measurement

— MGAS ("°B)
— SiMon

— MGAS (**u)
—PTB

— PPAC
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Simulations of the spallation process performed
with FLUKA (down to 20 MeV neutron energy).

MCNPX used to transport neutrons from 20 MeV
down.

Good agreement between measurements and
simulations.

|

n_TOF .

Agreement between various detectors
from 1% (at low energy) to 3% (at higher

energy).

A large discrepancy observed between 10
and 30 keV, we believe because of a
problem in the 23>U(n,f) cross section.
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Results relevant to nuclear technology J

244 245
Not measured Cm |“>Cm

. Capture

Fission

In the two campaigns, measured capture and fission cross sections for most long-lived actinides.

Plans to measure also short-lived actinides at the new “high flux” experimental area

PERSPECTIVE www.rsc.org/ees | Energy & Environmental Science

Advanced nuclear energy systems and the need of accurate nuclear data: the
. . n_TOF project at CERN
For more information see: -

N. Colonna,* F. Belloni,” E. Berthoumieux,” M. Calviani,* C. Domingo-Pardo,’ C. Guerrero,” D. Karadimos,”

C. Lederer,* C. Massimi,” C. Paradela,’ R. Plag/*’ J. Praena™ and R. Sarmento”

Received 31st May 2010, Accepted 3rd September 2010
DOI: 10.1039/c0ee00108b

To satisfy the world’s constantly increasing demand for energy, a suitable 1 Energy Environ. SCI., 3 (2010) 1910

\ sources has to be devised. In this scenario. an imnortant role could be nlaved bv nuclear enerev.
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The fission cross section of 24°Cm

1.5 Half-life: 8500 y
1.4 + A n_TOF/(JENDL/AC-2008) Sample: 1.71 mg
- ®  n_TOF/(ENDF/B-VII.0) Activity: 87 MBq (each sample)
1.3 Contamination (declared): 2%*Cm 6.6% (18.1y)

—_———-~

. e t Below 30 eV, two (very old) measurements
ﬁ.i'r " -ﬁﬂ ‘ exist, showing large discrepancies.

Above 30 eV, only one measurement exist,

Kernel ratio
—
II|IIIII-_T_WII|IIII|I-II|IIII|IIII
|—l>—|

0.8 -* ROEF T showing good agreement with n_TOF.
0.6 — ‘l i neutron source From thermal energy to 30 eV a revision of
Y0 S S S S R the evaluations is needed.

0 20 40 60 80 100

Above 30 eV, n_TOF confirm previous data

Neutron Energy (eV) and evaluations

PHYSICAL REVIEW C 85, 034616 (2012)

Neutron-induced fission cross section of 2**Cm: New results from data taken
at the time-of-flight facility n_TOF

M. Calviani.">* M. H. Meaze.> N. Colonna.? J. Praena,* U. Abbondanno.’ G. Aerts.® H. Alvarez.” F. Alvarez-Velarde.®
S. Andriamonje,>® J. Andrzejewski,” P. Assimakopoulos,'®* L. Audouin,'" G. Badurek,'? M. Barbagallo,? P. Baumann,'?
E. Be¢vit.'* E. Belloni.>® B. Berthier.!" E. Berthoumieux.® F. Calvifio."* D. Cano-Ott.'® R. Capote.*!” C. Carrapico.>!®
P. Cennini,? V. Chepel,!® E. Chiaveri.> G. Cortes,"> A. Couture,'® J. Cox.'> M. Dahlfors,> S. David,'" I. Dillmann, >
C.Dominoo-Pardo.2! W._Dridi.® I Duran.” C_Eleftheriadis.22 M. Embid-Seoura 8 1. Ferrant !4 A_Ferrari 2
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241Am(n,y): a difficult measurement

capture yield
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Half-life: 432y
Sample: 32.2 mg
Activity: 3 GBq

..ML"'J i ) li! uil m“ !hmu k

150.0 158.0 166.0 174.0 182.0 190.0 198.0

neutron energy (eV)

Measurements made with both C.D, and TAC
detectors, to minimize systematic uncertainties.

First time that complete region is covered from
thermal to MeV in a single measurement.

Unprecedented resolution and statistics, to
extend RRR above 150 eV

G. Tagliente AccApp'l13 7/6/13 Bruges, Belgium



238U(n,y) cross section: aiming at a very high accuracy

NEA request to measure 238U(n,y) cross section with 2% accuracy from 100 eV to 25 keV

Response from the community: measurements at n_TOF (x2), GELINA and LANSCE

238 sample (provided by JRC-IRMM)
¢ 6.125(2)g

*  High purity (99.99%)

* Rectangular: 53.90 x 30.30 mm

Counts

10*

10°

1021

10

107

I

TTTI T TTIm T 1T

238U

Sampleout
Beamoff WITH sample

Beamoff NO sample

MW

e

1 11111l

1 1111l

1

10

10?

Used C,D, and TAC to minimize systematic uncertainty related to detection effects

Overall (expected): 2-3% systematic uncertainty (depending on E)

3 4
I&gutron enerag (eV)
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Simultaneous measurement of capture and fission cross section
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The second experimental area at n_TOF
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Main features of EAR 2

Comparison of the Neutron Fluence in EAR1 and EAR2
10° F ' T ' T ' T ' !

EAR2 ——

EARl —— :
Higher fluence, by a factor of 25,

relative to EAR1.

The shorter flight path implies a
factor of 10 smaller time-of-flight.

| 3 | | | Global gain by a factor of 250 in the
st 1 1 4 signal/background ratio for

dn / dIn(E) / cm® / 7e12 ppp
=

radioactive isotopes!
10’ |
101 12 | |10 | |8 | |6 | i4 |2 -“O
10 10 10 10 10 10 10

Neutron Energy [GeV]

| The huge gain in signal-to-background ratio in EAR2 allows to measure radioactive :
| isotopes with half lives as low as a few years. I
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The experimental program in EAR2

The EAR2 will allow to:

measure samples of very small mass (<1 mg)

measure short-lived radioisotopes (down to a few years)
collect data on a much shorter time scale

measure (n,charged particle) reactions with thin samples

Letter of intent for measurements in EAR2:
(n,p) and (n,a) cross sections on "Be, 2°Mg, 2°Al
Fission cross sections of the short lived actinides 232U, 238.241py and 244Cm
Capture cross section of 7°Se, 24°Cm
Cross section and angular distribution of fragments from 232U(n,f)

Status of the EAR2:
Approved by CERN, final design phase
Start construction in May 2013
Beam ready in mid-2014
Physics start in 2015
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Conclusions

There is need of accurate new data on neutron cross-section both for
astrophysics and advanced nuclear technology.

Since 2001, n_TOF@CERN has provided an important contribution to the
field, with an intense activity on capture and fission measurements.

Several results of interest for stellar nucleosynthesis (Sm, Os, Zr, Ni, Fe,
etc...).

Important data on actinides, of interest for nuclear waste transmutation.

To date, high resolution measurements performed in EAR1 in optimal
conditions (borated water moderator, Class-A experimental area, etc...).

A second experimental area at 20 m for high flux measurements is in
construction.

The EAR2 (starting in 2015) will open new perspectives for frontier
measurements on short-lived radionuclides.
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[ Thank you J
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