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1. Motivation of this work: (1) HFTM/IFMIF Specimen Cells

The prediction of the tritium production is required for handling procedures of samples,
safety&maintenance and licensing of the International Fusion Materials Irradiation
Facility (IFMIF).

Table 1. Initial composition (in %
atom fraction) for the three test
rigs

Element | Rig-1 | Rig-2

Test Rigs Cr 71| 93
C 040| 05
Mn 0.30| 0.39
Vv 026| 0.21
W 022 029
Ta 0.016 | 0.021
Fe 6550 | 86.0
Na 180| 2.3
K 830| 1.0

ﬁ ﬁ Li target

Deuteron
Beams
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1. Motivation of this work: (1) HFTM/IFMIF Specimen Cells

The prediction of the tritium production is required for handling procedures of samples,
safety&maintenance and licensing of the International Fusion Materials Irradiation
Facility (IFMIF).

Figure 1. Neutron flux density in
the high flux test module (HFTM)
of IFMIF and the first wall of the
magnetic (ITER and DEMO) and
inertial (HYLIFE-Il and HAPL)
fusion energy neutron
environments
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1. Motivation of this work: (1) HFTM/IFMIF Specimen Cells

« EFFDOC - 1054: “Estimation of the tritium production in the HFTM specimen
cells” (by A. Klix) JEFF/EFF Meeting Paris, 18-20 Nov 2008

Cilfpy 1.0 2.1 - 1.0 Tritium production
Ci/ fpy
- 1.6 23 (sum over all isotopes)

Total tritium production in all rigs is 23.4 Ci/fpy (calc. with IEAF-2001)
Largest contribution from iron, but...

Cilfpy 0.6 0.8 - 0.6 Tritium production

Ci/fpy (sum over

Total tritium production in all rigs is 11.2 Cilfpy,
calc. with EAF-2007 (Na, K, Fe) and IEAF-2001 (Rest)

Cilfpy 2.3

Cilfpy 0.9
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1. Motivation of this work: (2) Measurem. of tritium activity

« EFFDOC - 1113: “Measurements of tritium activity in HCLL TBM mock-up
LiPb material irradiated in the Frascati experiment” (by W. W.Pohorecki)
JEFF/EFF Meeting Paris, 31 May-2 June 2010

« T activity in LiPb mock-up material irradiated in Frascati:
measurement and MCNP results.

. [Bg/g LiPb] (0.678% wat. Liin LiPb, 3.14% at. °Liin Li)
Figure 2: Slit 1-8, °H T ISL] —Tin LiPo MCNP p0 ®  Siit10 MCNP
T 3.0 : ~T in LiPb MCNP p1 T in LiPb MCNP p2
act|v|ty N . \ T in LiPh MCNP p3 T in LiPh MCNP p4
. \ — =—MCNP 0.28 % wagt Linat in LiPh - = MCNP 0681 % wagt Linatin LiPb
LiPb 25 o St o Sit2
: P e
20 1 o sit7 o sits
@ @
A0
3
Average
neutron energy _
SL1: ~ 7.7 MeV 0 5 10 15 20 25 30 35
SL7: ~1.2 MeV Distance from mockup front surface [cm]

JEFF/EFF Meeting May 2011 NEA, Paris, France




1. Motivation of this work: (3) XSs Uncertainties on TPR calc.

« EFFDOC - 1135: “Analysis of the HCLL Blanket Mock-up Experiment”
(by R. Villari et al.) JEFF/EFF Meeting Paris, 9-11 May 2011

4 N

Uncertainties on TPR determination

* Proposed definitive uncertainty on C/E comparison

v’ experimental errors (Li-6) 3.7%

v uncertainty on FNG source intensity 3%

v' Monte Carlo calculation statistics < 1%

v cross sections < 2% ‘: ]

v Pb-Li composition 1%*

A(C/E) ~ 53% (lo)

* Asa general result C/E are close to one within the total combined
uncertainties (~+10% at 20 level)

\_  *Sensitivity of TPR to 1i6 content : -0.5%/ % /
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2. Error propagation techniques for activation

Goal: “to analyse how ND uncertainty is transmitted to N”

i N = AN N =(N1,N2,...)
dt o

1) Sensitivity / Uncertainty Analysis (S/U)

+ Method based on the first order Taylor series to estimate uncertainty indices for each
reaction cross section in a continuous irradiation scenario (linear approximation)

2) Monte Carlo Uncertainty Analysis (MC)

+ To treat the global effect of all cross sections uncertainties in activation calculations, we
have proposed an uncertainty analysis methodology based on Monte Carlo random
sampling of the cross sections

+« Assignment of a Probability Density Function (PDF) to each cross section
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2.1. Sensitivity/Uncertainty Analysis

We assume only XS uncertainties:

N, = Ni(a,%¢ké),p<|:,) — N;(o) = Ni(o'o)*‘i[%} (O-j _O-j0)+"'

J

U

N; (o) j=1 N; (o) an Oio

Pij &]

Relative error
in cross-sections

N,(0)=Ni(oy) _$ {aNi} (0,-07)

Ci

Relative error in N, due to

changes in cross-sections Cross-section

sensitivity coefficient

€ = Piué1t Pirér "+ Piménm FRAR SRR ) @
2 A2 2 A2 2 A2 —
Varle, ] = pi Al + pR A+ + pr A var(e) =V
Information obtained
Varle, |= p'Vp. processing ND
o0, =Py, Py o+ pi) (sandwich formula)
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2.2. Monte Carlo Method

4+ We use simultaneous random sampling of all the
XS PDFs involved in the problem. PDF is assigned (0,/0,)

toeach o o, — N(oj,var(o;)) — > & — N(0,A%)

— For large valuesof A, , o; could be negative!

(0-1 / 0'10)

—> N(0,V)

(O-m / O-mO)

4 PDF assumed to be lognormal: log(c, /o, )= log(l+¢,) ~ &, — N (0, A2)

-+

From the sample of the random vector o,
o= (61...,0'j...,0m) the matrix A is
computed and the vector of nuclide
quantities X is obtained N =(N,...,N,...,N,)

Repeating the sequence, we obtain a
sample of isotopic concentration vectors.
The statistic estimators of the sample
can be estimated

Enables to investigate the global effect of
the complete set of Acon N
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2.3 S/U versus Monte Carlo

Applicability of 1st Taylor-series expansion

mlt '
T\, \—EXACT RESPONSE |
Ve LINEAR PERTURBATION THEORY

-' FIRST ~ORDER ESTIMATE OF R'

fly a - a

v' “The deterministic S/U approach should be used wherever it provides sufficiently accurate
results”

v “Normally, this will be the case when errors are relatively small and the conditions not
extreme”
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3. Nuclear Data Uncertainties (EAF/UN)

Review of available uncertainty cross-section data

> Activation-oriented nuclear data libraries

+ FENDL UN/A-2.0, EAF2003/5/7/10-UN

e.g.: EAF2007 | NA- 23N,T 112333105
Naz3(n,T) 1.10230E+4 2.2792E+01 0 0 0 1112333105
’ 0.0000E+00 0.0000E+00 105 0 1112333105
0.0000E+00 0.0000E+00 8 4112333105

O
1.0000E-05 0.00OOE+00 1. 115OE+O7 4 _4100E-0 \2 OOOOE+07 4.4100E-02112333105
6.0000E+07 0.0000E+00 112333105
E, (eV) A ~1eAF  Ein(€V)
(relative error, Ay~ A4 exp= A1 gap/3 = (%

» The PDF for each XS is assumed to be lognormal: log(c/c,)~ N(0,A)

= o,=the best-estimate XS value contained in the EAF-XS library
= A= A%y /9, being A? ,the variance included in the EAF-UN library

e.g.: FISPACT2007 109(0yp/0cac)~ N(0,4), and f=1+A
Manual If <o <oy,

caI cal
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3.1 HFTM/IFMIF Tritium prediction cross-sections

Figure 3. Tritium production cross section for Fe54
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0,001 |
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» (n,Xt) is sum of all
reactions containing a
triton in the outgoing
channel

» Main partial reactions for
EAF2007 are shown: (n,t),
(n,nt), (n,ta) and (n,npt).

+ Fe54: Large discrepancy between IEAF2001 and the other evaluated ND

libraries.
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3.1 HFTM/IFMFIF Tritium prediction cross-sections

Figure 4. Tritium production cross section for Na23
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+ Na23:. many evaluated data libraries do not contain tritium producing

reactions, and large discrepancy between libraries
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3.1 Uncertainties in Tritium prediction: EAF2007&2010/UN

Figure 5. 22Na (n,T) and (n,nT) cross-sections: EAF2007/2010

Incident neutron data ff Na23 // Cross section + Variance (R)
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3.1 TENDL2010: 22Na(n,xT)

Figure 6. 2Na (n,T) and (n,nT) cross-sections: EAF2010 and TENDL2010/EAF

Incident neutron data /I Na23 /I Cross section + Variance (R}
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3.1 TENDL2010: 22Na(n,xT)

Aglc vs. E for 23Na(n,’c)

Correlation Matrix
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3.1 TENDL2010: *°Fe(n,xT)

Figure 7. %°Fe (n,T) and (n,nT) cross-sections: EAF2010 and TENDL2010/EAF
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3.2 EAF 2010&2007 Uncertainties: ‘Li(n,T)

Incident neutron data//Li7 /1!

600' T T T T T T T T L L L L L L L L L L L L L L L L L L T T T T T T T T 1 T T T T T T T 1.7

Exfor (,H+Ti2-HE-4 L.Rosen+, 1962 DATA E
Exfor (H+T)2-HE-4 .M. .Frye Jr, 1954 DATA
Exfor (,H+T2-HE-4 F.Brown, 1963 DATA

H - Exfor (N+TE2-HE-4 5.0 .Qaim+, 1937 DATA EA F2007 Re|ative Error ~660/
Exfor (,H+T)2-HE-4 5.Chiba+, 1985 DATA i
Exfor (,H+Ti2-HE-4 %u Baoshengt, 1987 DATA

Exfor (M+T)2-HE-4 R.L.Macklint, 1954 DATA

Exfor (H+T)2-HE-4 Qi Bujia+, 1978 DATA

Exfor (,H+Ti2-HE-4 R.L.Macklint, 1954 DATA

Exfor (,H+Ti2-HE-3 k.M .Mikhaylina+, 1961 DATA

Exfor (,H+Ti2-HE-4 H.Liskient, 1986 DATA

Exfor (H+Ti2-HE-4 E.Goldberg+, 19235 DATA

Exfor (H+Ti2-HE-4 D.L.Smith+, 1981 DATA

Exfor (H+Ti2-HE-3 L0 Meadons+, 1927 DATA

Exfor (,H+Ti2-HE-4 J.C Hopkinst, 1962 DATA

Exfor (H+T12-HE-4 M.T.Swinhoe+, 1985 DATA

Exfor (H+T12-HE-4 M.T.Swinhoe+, 1985 DATA

Exfor (,H+T)2-HE-4 R.%.Thomas, 1954 DATA

Exfor (H+T)2-HE-4 M.T.Swinhoet, 1985 DATA

Exfor (H+Ti2-HE-4 5.M.Qaim+, 1987 DATA

Exfor (H+T)2-HE-4 M.T.Swinhoe, 1934 DATA

Exfor (H+Ti2-HE-4 5.0 .Qaim+, 1987 DATA

Exfor (,H+Ti2-HE-4 H.Liskient, 1982 DATA

Exfor (H+Ti2-HE-4 5. 0. Qaim+, 1987 DATA

Exfor (H+Ti2-HE-3 S.0d.Qaim+, 1987 DATA

Exfor (H+Ti2-HE-3 S.0d.Qaim+, 1987 DATA

Exfor (H+Ti-HE-3 M.T. Swinhoet, 1979 DATA

Exfor (H+Ti2-HE-4 M.T. Swinhoet, 1972 DATA

Exfor (H+Ti2-HE-4 M.T.Swinhoet, 1921 DATA

Exfor (H+T)2-HE-4 M.E.\Wyman+, 1958 DATA

prepro.out_new EAFZ007 MT=Z2 . (z,na) Cross zection + Wariance (R)
prepro.out_new EAF2010a MT=2Z2 :(z,na) Cross saction + Wariance (R)
eaf_to_gendf.bd 30070 T=300.0°K sigmal=infinite MT=22 : (z,na)

+

o] =
J

5001

o
—
]
]
T

EAF2010: Relative Error ~33%

3001
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3.2 EAF 2010&2007: Covariance matrix: ‘Li(n,T)

Aclo vs. E for Li(n,ne)

35 T ey

30
25+
20+
15
10

54

B

0 T LTI R R S 2 |

EAF2010

Ordinate scales are % relative
standard deviation and barns.

Abscissa scales are energy (eV).

5.0}
- .01
.0l
.-...lo

0

Correlation Matrix

-1.0
-0.8
-0.6
-0.4
-0.2

0.0

(nu‘u)nz_ 10} 3 'SA ©

 Given V the G-by-G variance matrix of the
relative XSs vector, the variance A? of the
relative spectrum-averaged cross section is:

h o P Ocq
gaeﬁ’ ’%Geﬁ

* Assuming A%_; gar (relative error, A)

AN =o'Vo :with o=]

— Aizq exp™ A= eae/3

1group uncertainty for SL1 |
Uncert_1group (EAF2007) = A A’ear00r  Relative Exp Error (%)
Li6(n,T)He4 0.01 3.33
Li7(n,na)T 4.00
F19(n,T ) 0.36 20.00
F19(n,nT) 16.00 133.33
Uncert_1group (EAF2010) = A Ner20i0  Relative Exp Error (%)
Li6(n,T)He4 0.01
Li7(n,na)T 1.00
F19(n,T) 0.36 20.00
F19(n,nT) 4.00 66.67
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3.2 ENDF/B-VII vs EAF2010: “Li(n,T)

Incident neutron data / / Li7 / /
600

EAF2010WITJ17S 7
EAF2010 MT=22: (Z,na) Cross section +Variance (R} |1

EAF2010: Relative Error ~33%
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200

100
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3.2 ENDF/B-VII Covariance Matrix in 44g: ‘Li(n,T)

Ao/o vs. E for "Li(mt853)
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3.2 ENDF/B-VII: in Ay, for SL1: “Li (n,T)

Cross-sections collapsed in 1 group with SL1

Workshop on Activation Data - EAF 2011

MT853 MT854 MT855 MT856 MT857 MT858 MT859

XS MTs_1g|” 7.12E-03 [ 4.76E-02 | 1.48E-02  2.10E-02 _ 2.71E-02 _ 153E-02 _ 2.19E-33
MTs/MTtotal] _ 0.05 0.36 0.11 0.16 0.20 0.12 0.00

g
Relative cocariance matrix

MT853 MT854 MT855 MT856 MT857 MT858 MT859

MT853[ 2.49E-03  0.00E+00  2.02E-04  -2.17E-06  -3.54E-05  -2.22E-05 _ -5.78E-20
MT854| 0.00E+00  1.15E-03  -3.16E-04  -4.86E-04 -6.74E-04 -3.38E-04 -7.81E-18
MT855| 2.02E-04  -3.16E-04  156E-03  1.70E-04  -142E-04 -721E-05  -5.10E-19
MT856] -2.17E-06  -4.86E-04  1.70E-04  2.07E-03  -2.60E-04 -1.25E-04  -1.36E-18
MT857| -3.54E-05 -6.74E-04  -1.42E-04 -2.60E-04  2.11E-03  224E-04  -2.97E-18
MT858] -2.22E-05 -3.38E-04 -7.21E-05 -1.25E-04  2.24E-04  3.16E-03  3.10E-17
MT859] -5.78E-20  -7.81E-18  -5.10E-19  -1.36E-18  -2.97E-18  3.10E-17  0.00E+00

Relative error(%) covariance matrix

MT853 MT854 MT855 MT856 MT857 MT858 MT859

MT853[ 4.99 0.00 1.42 0.15 0.59 0.47 0.00
MT854|  0.00 3.39 1.78 2.20 2.60 1.84 0.00
MT855]  1.42 1.78 3.95 1.31 1.19 0.85 0.00
MT856]  0.15 2.20 1.31 4.55 1.61 1.12 0.00
MT857]  0.59 2.60 1.19 1.61 4.59 1.50 0.00
MT858|  0.47 1.84 0.85 1.12 1.50 5.62 0.00
MT859]  0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rel Em.in19 (%) | (117 The relative error in 1group “lumped XS"is only 1.17% !!!
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3.2 ENDF/B-VII vs EAF2010: °Li(n,T)

Incident neutron data / / Li6 / /

— EAFZ007
— EMNDFE-VI
— EAF2010 VITJ+211
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]
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3.2 EAF 2010/2007 and SCALE®6.0: Covariance matrix: °Li(n,T)

EAF2010 SCALE®6.0

6y -
Aci vs. E for °Li(n,t) Ac/c vs. E for "Li(n.t)
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3.2 ENDF/B-VII : Covariance Matrix in 44g: °Li(n,T)

ENDF/B-VII

Aol vs. E for BLi(n,t)
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3.2 TENDL2010: ‘Li(n,T)

Figure 8. ’Li (n,T) cross-sections: EAF2010 and TENDL2010/EAF
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3.2 TENDL2010: °Li(n,T)

Figure 9. 5Li (n,T) cross-sections: EAF2010 and TENDL2010/EAF
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4. Uncertainty Results

- Sensitivity / Uncertainty Analysis (S/U)

+ Method based on the first order Taylor series to estimate uncertainty indices for
each reaction cross section

Is it necessary to take into account non-linear effects ?

How many sensitivity coefficients should be calculated ?

- Monte Carlo Uncertainty Analysis (MC)

+ To treat the global effect of all cross sections uncertainties in activation calculations,
we have proposed an uncertainty analysis methodology based on Monte Carlo
random sampling of the cross sections

+ Assignment of a Probability Density Function (PDF) to each cross section

Which PDFs should be taken ?
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4.1 HFTM/IFMIF Tritium Prediction Uncertainties

4+ Uncertainty calculation
Table 2. Tritium production calculated with EAF2007

Nominal value (Ci/fpy)
Mean + s.d. (Ci/fpy)

-nominal value (Ci/fpy) calculated with the best-estimate XS data
-mean value (Ci/fpy) and standard deviation (Ci/fpy) calculated with the uncertainty library
using the Monte Carlo method with ACAB code

4+ Total tritium prediction:

+

+ |EAF2001: 23.4 Ci/fpy

+ EAF-2007: 11.2 Ci/fpy (best-estimate)
+ EAF2007/UN: 13.7+ 6 (Uncertainties)

+ Relative errors up to 51% in tritium prediction can be found in rig 2
4 Similar relative errors for the same rigs positioned in different locations
+ Histogram of the Monte Carlo sampling fit to a long tail lognormal distribution
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4.1 HFTM/IFMIF Uncertainty Results

Baseline results: Histogram of the 1000 values by MC method
300

Nominal value (without uncertainties), To: 1.17E+20
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4.1 Sensitivity analysis in the HFTM specimen cells

Table 3 . Uncertainty and sensitivity information for cross sections that
contribute most to the uncertainty in the tritium prediction.

|sotope Pir A (%) pﬁ*i

Fe%s(n,nt) 0.07 | 1333
Na23(n,nt) 0.06 133.3 8.39

Na23(n,t) 0.38 4.3 1.86

Fed(n,t) 0.31 4.3 132 | =|~23%!!
K39(n,nt) 0.008 133.3 1.08

Na23(n, ta) 0.01 66.7 0.68

Cr52(n,nt) 0.005 133.3 0.64 | |

Total 77?77

»  pjris the sensitivity coefficient for the tritium production from the activation of an isotope after 1fpy
» Ais the corresponding relative error
»  theindex p;t*A that can be used to rank cross sections inducing the highest uncertainties in the tritium prediction
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4.1 Sensitivity analysis in the HFTM specimen cells

+ Element-by-element uncertainty analysis

Table 4. Tritium production and standard deviation (in Ci/fpy) due to an initial mass of 1000
grams for each initial element used in HFTM rigs in the three zones A, B and C.

Zone Cr C Fe K Mn Na Ta Vv w
A 42425 | 46.2£10.8 | 6.0£3.4 | 14.0+6.4 | 9.6+7.6 | 57.2+40.8 | 1.8t1.4 | 6.1£7.4 | 1.6+0.9
B 2.8+1.6 31.1+7.2 41423 9.6+4.3 | 6.545.1 | 39.2427.5 | 1.3£t1.0 | 4.1449 | 1.1+0.6
C 24+1.4 26.3+6.1 3.5+£2.0 8.1+3.6 55+4.3 | 33.3+23.2 | 1.1£0.8 | 3.5+4.1 | 0.9+0.5

+ Na is the element with the largest generation of tritium
4 Vis the element with the largest relative error (~120%)
+ Fe and Na have relative errors of ~56% and ~70%, respectively
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4.2 Uncertainty of tritium activity in HCLL TBM mock-up LiPb

Table 5: Tritium Uncertainty Prediction in SL1 and SL7 using EAF2007/UN

SL1 SL7
Natural Abundance Depleted Li6 Natural Abundance Depleted Li6
7.25% Li6 in Li 3.14% Li6 in Li 7.25% Li6 in Li 3.14% Li6 in Li
Total Bq (at shutdown) 3.92 3.47 0.64 0.28
Only due to Li 579 3.33 0.64 0.28
Only Li6 0.96 0.40 0.62 0.26
Only Li7 2.82 2.93 0.02 0.02
Sensitivity Coefficiente: p = (DN/N) / (DXS/XS) in %
Li6(n,T)Hed 025 0.12 0.96 —> 0.91
Li7(n,na)T 072 —> 0.84 0.04 0.09
F19(n,T) 0.04
Mg25(n,T) 1.14E-06
F19(n,nT ) 6.36E-03
Sensitivity/Uncertainty (%) = p*A
Li6(n,T)Hed 0.82 0.38 S0 3.03
Li7(n,na)T 47.83 —> 56.21 243 —> 576
F19(n,T) 0.70
F19(n,nT )
Sensitivity/Uncertainty (%)= (p*A) 47.84 C 56.22 :* 4.03 6.51 >
Uncertainty with Monte Carlo
Mean value 4.67 14 0.65
Relative error (%) 58.62 C 67.0§;f 4.78 8.77

» p . is the sensitivity coefficient for the tritium production
» A :is the corresponding relative error collapsed in 1 group
» the index “pA” that can be used to rank cross sections inducing the highest uncertainties
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4.2 Monte Carlo sampling using a LogN PDF

Mean Value: T,,= 4.27 Bq/g; and relative error : 67.03%

0.25 7 It fits to a logNormal distribution

Min: 0.93 -
Max: 31.57

21 24 27 30
T (Ba/g)
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4.2 Effect of the selection of PDF

Table 6. Tritium Uncertainty Prediction in SL1 and SL7 using EAF2007/UN
SL1 (3.47 Bq) SL7 (0.28 Bq)

Normal Log Normal Normal Log Normal

Uncertainty with Monte Carlo
Mean value 3,79 4,27 0,29 0,29
Relative error (%) 4510 67,03 5,77 8,77

0.25

71<— logNormal XSs PDF -

0.20

Normal XSs PDF

0.15

IS —

0.10
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5. Conclusions

1. A Comparison of error propagation methodologies for the Tritium
Production has been performed:

v" Tritium Production in the HFTM/IFMIF Specimen Cells
v Measurements in Tritium activity in HCLL TBM mock-up LiPb

2. Main (n,xT) cross-section uncertainties are analyzed

v 23Na and °6Fe for HFTM/IFMIF
v 7Li and 6Li in HCLL TBM mock-up LiPb

3. Itis shown that Monte Carlo technique is able:
v to deal with non-linear effects or when uncertainties are high
v" to provide with the global effect of the uncertainties of the complete set
of nuclear data

Processing TENDL2010/EAF

- MT=18 and MT=102 with more than 10000 energy points
- Different channels in the variance and cross section files
- No uncertainties for isomeric/branching reactions

Workshop on Activation Data - EAF 2011 01-03 June 2011, Prague



6. References

+ For this work

+ EFFDOC-1144, A Comparison of different Uncertainty Activation Cross-Section Data Libraries. Application to the
Prediction Uncertainty in Tritium Production, O. Cabellos

+ EFFDOC-1101, Improvements in the Prediction Capability of ACAB Code to Transmutation Analysis in IFMIF, O. Cabellos

4+ Other references in uncertainty calculations

+  Effect of activation cross-section uncertainties on the radiological assessment of the MFE/DEMO first wall, Fusion
Engineering and Design, Volume 81, Issues 8-14, February 2006, Pages 1561-1565, O. Cabellos, S. Reyes, J. Sanz, A.
Rodriguez, M. Youssef, M. Sawan

+  Effect of activation cross-section uncertainties in selecting steels for the HYLIFE-II chamber to successful waste
management, Fusion Engineering and Design, Volumes 75-79, November 2005, Pages 1157-1161, J. Sanz, O.
Cabellos, S. Reyes

+  Effect of activation cross section uncertainties in the assessment of primary damage for MFE/IFE low-activation steels
irradiated in IFMIF, Journal of Nuclear Materials, Volumes 386-388, 30 April 2009, Pages 908-910, O. Cabellos, J. Sanz,
N. Garcia-Herranz, B. Otero

+ Impact of activation cross-section uncertainties on the tritium production in the HFTM specimen cells, Journal of Nuclear
Materials, Available online 1 January 2011, O. Cabellos, A. Klix, U. Fischer, N. Garcia-Herranz, J. Sanz, S. Simakov

+ Assessment of fissionable material behaviour in fission chambers, Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, Volume 618, Issues 1-3, 1
June 2010-21 June 2010, Pages 248-259, O. Cabellos, P. Fernandez, D. Rapisarda, N. Garcia-Herranz

4+ Nuclear data requirements for the ADS conceptual design EFIT: Uncertainty and sensitivity study, Annals of Nuclear
Energy, Volume 37, Issue 11, November 2010, Pages 1570-1579, N. Garcia-Herranz, O. Cabellos, F. Alvarez-Velarde,
J. Sanz, E.M. Gonzalez-Romero, J. Juan

+ Propagation of statistical and nuclear data uncertainties in Monte Carlo burn-up calculations, Annals of Nuclear Energy,
Volume 35, Issue 4, April 2008, Pages 714-730, Nuria Garcia-Herranz, Oscar Cabellos, Javier Sanz, Jesus Juan, Jim C.
Kuijper

Workshop on Activation Data - EAF 2011 01-03 June 2011, Prague



