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The need of Advanced Nuclear Reactors

Nuclear energy provides almost 20% of the worldwide electricity demand (~30% in the EU):

439 Nuclear Reactors operating worldwide in 2008

197 Nuclear Reactor in the EU, where 13 more are under construction.
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Design and construction of advanced nuclear reactors:
optimized fuel cycle, increased safety, reduced-production/incineration of nuclear waste, ...
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Design of Advanced Nuclear Reactors

Significant differences with respect to present commercial reactors:
* New fuel composition: U, Pu and Minor Actinides
* Different neutron energy spectrum: fast (keV, MeV) vs. thermal (meV, eV)
e Subcritical instead of critical in the case of ADS.

Microscopic Integral
measurementy experiments
Design of
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La Unidad de Innovacion Nuclear del CIEMAT

DATOS NUCLEARES PARA LA TRANSMUTACION Y REACTORES AVANZADOS
Medidas de datos nucleares necesarios para el disefio y evaluacion de reactores
criticos y subcriticos avanzados.

* MICINN: Plan Nacional de Fisica de Particulas
* PROYECTOS DEL 62y 72 PM DE LA UE: IP-EUROTRANS/NUDATRA, CANDIDE, ANDES, ENSAR

EXPERIMENTOS INTEGRALES EN REACTORES SUBCRITICOS
Estudios experimentales en reactores avanzados subcriticos para la transmutacién de

Instalacién GUINEVERE

residuos radiactivos, profundizando en los procesos fisicos que controlan dichos
reactores.
* PROYECTOS DEL 62 Y 72 PM DE LA UE: IP-EUROTRANS/ECATS(YALINA-BOOSTER, GUINEVERE), FREYA

CICLOS AVANZADOS DEL COMBUSTIBLE NUCLEAR
Evaluacion y optimizacion de ciclos avanzados del combustible nuclear con reciclado
de plutonio y, posiblemente, de actinidos minoritarios y productos de fisidn.

®* PROYECTOS DEL 62Y 72 PM DE LA UE: RED-IMPACT, PATEROS, IP-EUROTRANS, ARCAS
* Plataforma SNE-TP

U enriguecido

Almacén Uranio
Recuperado

* Participacion en el grupo WPPT de la AEN/OCDE

REACTORES CRITICOS Y SUBCRITICOS
Evaluacion de disefios de reactores criticos y subcriticos avanzados, experimentales y
prototipos, tanto de espectro rapido como térmico.

®* PROYECTO DEL 6° PM DE LA UE: MTRI3, CP-ESFR, CDT-FASTEF
* Jules Horowitz reactor

Todas las lineas de investigacion son financiadas dentro del ACUERDO CIEMAT-ENRESA
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Datos Nucleares para la Transmutacion y Reactores Avanzados

Estudio de la emisidon de neutrones retardados:
1. Medidas de la emisidon de neutrones retardados en la desintegracion beta de F.F. en FAIR.
2. Diseno y construccion de un espectrometro de neutrones por tiempo vuelo para determinar la
energia y probabilidad de emisién de neutrones retardados.
3. Desarrollo de sistemas de adquisicion de datos digitales.

Simulaciones Monte Carlo:
1. Disefio de instalaciones con fuentes de neutrones (n_TOF, ESS Bilbao)
2. Desarrollo de cédigos de simulacion MC para detectores de rayos gamma y neutrones.
3.Desarrollo de software para utilizar en GEANT4 cualquier libreria de secciones eficaces
evaluadas.

Medidas de secciones eficaces neutrénicas (n,y) y (n,f) de elementos transuranicos (n_TOF/CERN):
1. Propuesta, preparacion vy realizacion de experimentos.
2. Desarrollo de software de analisis: calculo de eficiencia, correcciones de fondo, tiempo muerto,
pile-up, etc.
3. Analisis y evaluacién de secciones eficaces de captura en las zonas de resonancias resueltas y
no resueltas.
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Datos Nucleares para la Transmutacion y Reactores Avanzados

Estudio de la emision de neutrones retardados:

1. Medidas de la emisidon de neutrones retardados en la desintegracion beta de F.F. en FAIR y en
Cyclotron Laboratory of the University of Jyvaskyla (ver charla de B. Gdmez el miércoles).

2. Disefio y construccidon de un espectrometro de neutrones por tiempo vuelo para determinar la
energia y probabilidad de emisidon de neutrones retardados.

3. Desarrollo de sistemas de adquisicidon de datos digitales.

N,Z Z41,N-1 Z+1,N-2
Precursor Emitter Final Nucleus

Contribuyen a la estabilidad de los reactores
y a la emision de calor.

IDEAL NEUTRON TOF SPECTROMETER DESIGN
High € n-L! discrimination
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- La celda prototipo ya ha sido irradiada en PTB (Alemania)
- El préximo ano se probara en Jyvaskyla (Finland) un espectrometro prototipo con 30 celdas
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Datos Nucleares para la Transmutacion y Reactores Avanzados

Simulaciones Monte Carlo:
1. Desarrollo de cédigos de simulacion MC para detectores de rayos gamma y neutrones.
2. Diseno de instalaciones con fuentes de neutrones (n_TOF, ESS Bilbao)
3. Desarrollo de software para utilizar en GEANT4 cualquier libreria de secciones eficaces evaluadas.
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Datos Nucleares para la Transmutacion y Reactores Avanzados

Medidas de secciones eficaces neutrdnicas (n,y) y (n,f) de elementos transuranicos (n_TOF/CERN):
1. Propuesta, preparacion vy realizacion de experimentos.
2. Desarrollo de software de analisis: calculo de eficiencia, correcciones de fondo, tempo muerto,
pile-up, etc.
3. Analisis y evaluaciéon de secciones eficaces de captura en las zonas de resonancias resueltas y
no resueltas.

Reaction products

I
(neutrons/cm?/s)

V‘ vy

A 4

n (atoms/cm?)

R=c-1l-n

Measuring the neutron cross sections requires:
- A facility providing a neutron beam (The n_TOF facility).
- A detection system for counting the reactions (The TAC).

- A highly pure sample.
- The analysis tools to determine the measured cross section with the required accuracy (few %)
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The n_TOF facility at CERN

The n_TOF facility: built in 1999-2000 by the n_ TOF Collaboration (>20 institutions and >100
for measuring accurate capture and fission cross sections
transmutation of nuclear waste and nuclear astrophysics.
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The n_TOF Total Absorption Calorimeter (TAC)

Detecting capture reactions means to detect the subsequent EM cascade.

The best suited technique for the detection of capture cascades in the measurement of
low-mass/radioactive samples is the total absorption technique.
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Detection of (n,y) cascades with the n_TOF/TAC
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Study of PSF with the n_TOF/TAC by means of MC simulations

[DECAY GENerator (DECAYGEN by J. L. Tal'n)\

- Known level scheme
- Level density
- Photon Strength Functions (E1,M1,E2)

> Capture Cascades: EY‘=1rmY

(Geant4 MC simulation of the TAC A

Assumption on PSF - Detailed detector geometry
- Geant4 Standard EM physics
- Realistic event reconstruction

Comparison /

Experimental TAC response Simulated TAC response
(Esum’ mcr (Esum’ mcr)
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Study of PSF: 241pu

PSF from RIPL-2 P GomRIRE-22.3 MeV, I',=0.75 MeV)
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Capture cross section on actinides at n_TOF

Delayed due to difficulties with (n,f) background
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Complete
Complete
Complete

Complete

Ongoing (Sept-Oct 2010)
Scheduled for October 2010 (fission tagging test)
Scheduled for April 2011

'

Target canning

t

25 micron Kapton foil

11 mm {frame thickness}
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G(n,y) measurements with the TAC: Obtention of the Capture Yield

1. Selection of the optimum conditions in E_, & m_,

2. Background determination: beam-off, beam-on (empty, dummy-sample, etc).

3. (n,n) background: experimental determination by comparison with Carbon sample.
4. Detection efficiency: Geant4 MC simulations.

5. Correction of dead-time, pile-up and summing effects.
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23’Np(n,y) measurement with the TAC

The n_TOF capture data have been analyzed in the RRR and URR together with the data of

Gressier et al. (1999) from GELINA.

Capture (n_TOF) + Transmission (Gressier et al.) in the RRR

Res. Par. Cov. Matrix (incl. Norm. & back.)
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240Pu(n,y) measurement with the TAC

The n_TOF capture data have been analyzed together with the data of W. Kolar et al. (1968)
from GELINA. (Analysis above 110 eV, below data affected by inhomogeneity of the sample)
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Among the 39 resonances proposed in the latest evaluation by Bouland et al.:
- 18 confirmed - 14 refused - 7 neither of both
In addition, a total of 6 resonances have been observed for the first time.

S,4(10%) 1.13 1.04+0.08 1.07
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28Am(n,y) measurement with the TAC

The high activity (and high energy) of the intrinsic activity of the 243Am sample caused
problems due to:

- High counting rate in the DAQ — summing of consecutive signals

E T o reememe s ] RAW data 197Au (102 “signals”)
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s T il
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10 . A e i
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10 10
1
10
10
||||||||||||||||||
0 2000 4000 6000 8000 10000 .
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14 16
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After validating the signal analysis routine in extreme case, we have obtained the capture vyield with
nice capture to background ratio.
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28Am(n,y) measurement with the TAC

The n_TOF capture data have been analyzed normalized to the data of Simpson et al. (1974)
from ORELA.
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Good agreement at low energies = normalization

Better resolution/statistics at higher energies 2 improvement of the 243Am cross section
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Campaign 2010: >**Am(n,y) measurement with the TAC and C6D6

This measurement, as well as the planned 238U, will be performed combining for the first
time the TAC and C6D6:

1.Reduction of systematic errors

2.Study of the complete range between thermal and 1 MeV (already achieved for 232Th)
3.Extension of the RRR thanks to high statistics of the TAC

Kapton 5cm
window (outer diameter)
(25 um)

40 cm

DE ESPANA  DE CIENCIA

U Centro de Investigaciones 27-29 Septiembre 2010, El Escorial - Madrid

Energéticas, Medioambientales
y Tecnolbgicas

E l_i_l S Criemal C. Guerrero et al. @ EFN 2010




Campaign 2010: **Am(n,y) measurement with the TAC and C6D6

z41Am(n,,Y) at n_TOF (8000 BPD! Ethr=280 kEV)

Counts

] Y S Y E— _ 241 Am -
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Campaign 2010: °*Am(n,y) measurement with the TAC and C6D6

3<E
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Campaign 2010: Simultaneous (n,y)+(n,f) measurements

Measurements on capture cross sections of fissile isotopes are difficult due to the large
background from fission reactions.

T T T I T T T T T T I T I I | I I I I I I I
233U(n,y) --- RAW data

--- RAW - BeamOff

--- Scaled fission contribution

---- Capture (RAW — BeamOff — Fission)
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Total Energy (key)

The analysis is possible thanks to the excellent capabilities of the TAC, but the
accuracy is limited to ~10-15%.
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Campaign 2010: Simultaneous (n,y)+(n,f) measurements

The test experimental set-up combines the use of the TAC (for capture) with a total of
three MGAS (for fission) detectors loaded with 23U samples.

MGAS: excellent performance in 2009 + VERY TRANSPARENT

Mylar (1.5 um)

Aluminium (10 Angstrum)

Drift —p

electrode

1 mg of U-235

€——  Plexiglas

Counts/5.0e+17 protons

3 MGAS detectors
each equipped with a
1 mg 233U sample
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Summary

The research carried out at the CIEMAT Nuclear Innovation Unit covers the wide range of
fields associated to the design of Advance Nuclear Reactors:
micro and macroscopic experiments as well as design studied of advanced fuel
cycles and Gen-|IV reactors.

The research line on Basic Nuclear Data is specialized in measurements of
- neutron induced cross section measurements and
- neutron delayed emission, as well as in the
- simulation of y-ray and neutron detectors.

The Nuclear Innovation Unit takes full advantage of the combination of the n_TOF facility
at CERN with the Total Absorption Calorimeter TAC for measuring accurate neutron
capture cross sections of actinides:

-233,2341J, 237Np, 240Pu and 2*3Am have been already measured and analyzed

-241Am is ongoing, to be combined with C6D6 data (very promising preliminary results)
-Simultaneous (n,y)(n,f) on 23°U to be tested in October 2010

-238J to be measured in April 2011, again combining TAC and C6D6

CIEMAT will open one postdoc position in the near future to work in this field.
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DIGITISER DESIGN (Colaboracion con la Unidad de | BC501A Pulse digitized |
Electrénica del CIEMAT, J. Marin y J. Castilla)

*Two interlaced ADCs of 500 MS/s and 12 bit resolution, 1200 ....................... _________________________
1GHz bandwidth, 2Vpp. . , - . é
*FPGA Virtex-4 (signal pre-processing) | T — . —| - - .P.'.Q!!.'.?ﬁ.ﬂ .........
*Fast DSP (pulse shape analysis) - | _oﬁgmal
*TDC (time signal determination) 1 1] A—— ....................... ........................
*2 Gb on board memory DDR b -
“Input ranges: 100, 200,500 mV & 1,2V {§ 00— AR S | - IR N
*External synchronization et T I -
*Fast data bus (not yet decided). 400 IS NN | SO S S
*Operation Mode: on line psa or fast transmission .
*30 units cost estimate: < 2000 € / channel 200‘_ ..............

e N i O Y .I"l. o

'r.u.\.'{|“:."r.|...|...i...
oo~ 1200 1400 1600 1800 2000
Time(ns)
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