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1. Introduction é@@

* Objective: C/E validation to contribute to the improvement of JEFF nuclear data files

 JEFF-based C/E biases are analyzed to identify needs for nuclear data improvement

1. Reactor physics experiments:
1. IRPhE
2. Partner’s own databases: CEA/DES - LWR
3. Other legacy experiments: SEFOR, Aimaraz NPP (IAEA) Experiments from different

2. Shielding benchmarks: SINBAD facilities, neutron spectra, and
integral quantities of interest
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2. Methodologies for ND validation

Different validation strategies applied, all of them based on calculating C/E

But differing in how they use C/E ratios to assess the quality of the library and
identify needs for ND improvement

Mean bias or
weighted mean bias

Perturbation
analysis

Trending analysis

Bayesian-based
analysis

e Different metrics
applied

e Impact of ND
perturbations with
respect to data
from other libraries

e Comparisons with
trending
parameters

e GLLS method
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3. Fast Reactors C/E validation and nuclear data trends

Reactor physics benchmarks useful for ND validation (of SFR) have been identified and C/E assessed (UPM)
Multiplication factor: set of experiments from IRPhE (12 experiments) with a high similarity to SFR

Benc!\mark identifier Fuel /Other Experi.n?ental Institution
in IRPhEP facility B EFF-4T2.2
EBR2-LMFR-RESR-001 UO4 /Sodium EBR-II ANL, USA W JEFF-3.3
SNEAK-LMFR-EXP-001 MOX /Sodium SNEAK 7A  KFK, Germany 1000 1 . EFF-311
ZEBRA-LMFR-EXP-001 Pu metal-UOg2 /Sodium ZEBRA 22 AEEW, UK
ZPPR-LMFR-EXP-001 MOX/Sodium ZPPR-10A ANL, USA _
ZPPR-LMFR-EXP-002 MOX/Sodium ZPPR-9 ANL, USA g
ZPPR-LMFR-EXP-010 MOX/Sodium ZPPR-12 ANL, USA [=1
ZPPR-LMFR-EXP-011 MOX/Sodium ZPPR-2 ANL, USA : 500
ZPR-FUND-EXP-006 Pu-U alloys/Graphite ZPR-3/53 ANL, USA LIJ
ZPR-FUND-EXP-007 Pu-U alloys/Graphite ZPR-3/54 ANL, USA "
ZPR-FUND-EXP-014 Pu-U carbide/Sodium ZPR-9/31 ANL, USA o
ZPR-LMFR-EXP-001 MOX/Sodium ZPR-6/7 ANL, USA o
ZPR-LMFR-EXP-002 MOX/Sodium ZPR-6/7 ANL, USA o 0
o
o
10 =
EBR2-LMFR-RESR-001 E
=
SNEAK-LMFR-EXP-001-001 o1 o
ZEBRA-LMFR-EXP-001-001 o o g _500 b
pomussnosson B © JEFF-412.2 | JEFF-3.3 | JEFF-3.1.1
ZPPR-LMFR-EXP-002-001 ooe
s MAD (pcm) 377 463 350
ZPPR-LMFR-EXP-010-001 0o “% —1000 -
ZPPR-LMFR-EXP-011-001 o7 2
ZPR-FUND-EXP-006-001 ooe é Qb.\, OQ-» Q{S\" 000\' Qo‘\’ 004\' QO-!\’ DQ‘» DQ‘» Q‘» QQ'\’ QQ‘\’
ZPR-FUND-EXP-007-001 008 0. 4§_ C?Q: ﬁ’\" g,\'r Dﬁ\. Q’L Q.» D‘»N p()h Dcs\ ss»h Qﬁ’» QQ,-.L
ZPR-FUND-EXP-014-001 027 (3?" Q_;_l' Q_jg' ng Q-,l‘g _{g' _{_Z _‘g ng _“3 _&g' _*g'
LMFREXPO01.001 oo v nad sl Qe QA Q- R & & & X b
ZPR-LMFR-EXP-001-001 r‘v\’ $ é& Sg &s Sg $s Q QQ Q § §
ZPR-LMFR-EXP-002-001 007 02 Q- {-’\' '\' £ £ £ Q ‘<<
B & & &£ &£ £ 4

ASTRID o008

ASTRID

Perturbation with NDaST and GLLS for biases analysis

EBR2-LMFR-RESR-001
ZPR-FUND-EXP-006-001
ZPR-FUND-EXP-007-001 | =1
ZPR-LMFR-EXP-002-001

SNEAK-LMFR-EXP-001-001
ZEBRA-LMFR-EXP-001-001
ZPPR-LMFR-EXP-001-001
ZPPR-LMFR-EXP-002-001
ZPPR-LMFR-EXP-010-001
ZPPR-LMFR-EXP-011-001
ZPR-FUND-EXP-014-001
ZPR-LMFR-EXP-001-001
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3. Fast Reactors C/E validation and nuclear data frends 2
w
Sodium void reactivity effect: IRPhE (5 experiments selected) . —
€
Q
£
w2004
U
Benchmark identifier Experimental facility Core Loading @
2
ZPPR-LMFR-EXP-010-m12030 ZPPR-12 Loading 30 s 0 e} e
ZPPR-LMFR-EXP-010-m12033 ZPPR-12 Loading 33 2
ZPPR-LMFR-EXP-010-m12037 ZPPR-12 Loading 37 S
ZPPR-LMFR-EXP-011-case08 ZPPR-2 Loading 184 a ~2001
ZPPR-LMFR-EXP-011-case09 ZPPR-2 Loading 185 g
@)
—400 -
10 R & 4 &
ZPPR-LMFR-EXP-010-m12030v7 Q”)Q g Q”;\ ,0‘9?’
& & & < &
& & & & &
A4 A4
ZPPR-LMFR-EXP-010-m12033v7 08 Q,Ql\’ Q,Ql\’ Q,Q’\' <<—,\“ S<,+
& QQ‘ {8‘ {8‘ N ™
ZPPR-LMFR-EXP-010-m12037v7 s N N N QQQ‘ &
°°8 & & & v v
S g 8 ©
ZPPR-LMFR-EXP-011-case08 ';E m  Experimental value
048 354 —— ENDF/B-VII.1 (report)
ZPPR-LMFR-EXP-011-case09 qﬁ, —%— JEFF-3.1.1 (UPM)
& 301 —— JEFF-3.3 (UPM)
ESFR-VOID 02 _ 25+
S
— 20
ASTRID-VOID E
-0.0 © 154
& Trending analysis |
&
& for ZPPR-2 SN N |
v v 20 30 40 50 60

Sodium removed (kg)
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3. Fast Reactors C/E validation and nuclear data trends

Doppler reactivity effect: lack of experiments in IRPhE; SEFOR experiments from SFR-UAM
Reflector worth: potential of SEFOR calibration curves for ND validation of 23°Pu, 56Fe, °8Ni

Incident neutron data / JEFF-3.3 / U238 / MT=102 : (2,y) / Weighting : SCALE

Calculated at UPM s 238-group, C it spectrum Weight <JEFF-3.3>/<JEFF-3.1.1>
SEFOR SCALE-6.2.3 (R-Z model)
Core Il Corrected g
JEFF-3.1.1 | JEFF-3.3 JEFE-3.3 ;.,, N
Doppler -676.6 -708.9 -688.7
constant 0s
Core II C/E 1 .01 0 1 .058 1 .028 01E-‘I1 1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 0.001 0.01 041 1 10

U-238 (n,y) ratio JEFF-3.3/JEFF-3.1.1

R3 Calibration Curve

500
400 -
Core I-E
§_ 300
<
°
c
g 200
@ — EXP
— JEFF3.1.1
100 — JEFF3.3
—— JEFF4T2.2
—— ENDF/B-VII.1
0 T T T T
0 20 40 60 80 100
Reflector position (cm) wave Fy pa rameter

SANDA Meeting, 5 February 2024 SLIDE 7



4. Thermal Reactors C/E validation and nuclear data trends

4.1 Thermal Reactor Physics benchmarks from IRPHE
« UPM analyzed C/E in KRITZ benchmarks (LWR lattices at KRITZ reactor in Studsvik) and trends with T°

200 [

100 |

C/E -1 (in pcm)

-300 f
-400 F
-500 f

-600 L

-100 |

-200 f

Scatter plot for Series 4 of [C/E - 1] (in pcm)

- A - MORET 5.D.1 / JEFF-3.3 (report) —a—SCALE / JEFF-3.3 (UPM)
—O—SCALE / ENDF/B-VIL.1 (report) —8—SCALE / ENDF/B-VIL.1 (UPM)
SCALE / JEFF-3.1.1 (UPM) - m - MORET 5.D.1 / ENDF/B-VIIL.O (report)
= EXP

0 50 100 150 200 250
Temperature (2C)

JEFF-3.3, the trend with temperature becomes stronger

Perturbation analysis using NDaST showed biases probably

due to 235U(n,fission) ~ 0.01 eV -1eV

SANDA Meeting, 5 February 2024

KRITZ-LWR-RESR-002
CRIT- -RRATE

aaaaaaaaaaaaa

mmmmmmmmm

nnnnnnnnn

Fuel region

I =

1532

Figure 1.5 Schematic Top View of the Core.

Figure 1.6. Schematic Side View of the Core.

Ref.: Kodeli et al. Analysis of the KRITZ Critical Benchmark Experiments,
NENE2009

SLIDE 8



4. Thermal Reactors C/E validation and nuclear data trends

4.2 Commercial LWR applications (CEA/DES)

e CEA/DES analyzed C/E fuel isotopic results of Post- I - -
Irradiation Experiments of PWR-UO, pins as a function of |~ . - — l
burnup |

e APOLLO2 perturbation analyses to show modifications in |
isotopic content induced by different JEFF-x libraries
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o
3 i

. .
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o stfo8/vs | —9&-/ m'/f]y”
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189 s39
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H
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4. Thermal Reactors C/E validation and nuclear data trends

Cycle 1 Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3
REL2005| (C/E-1) + AE/E [%]| (C/IE-1) + AE/E [%]] (CIE-1) + AEIE [%] REL2005| (C/E-1) + AEIE [%]] (C/E-1) + AEIE [%]] (C/IE-1) + AE/E [%] REL2005| (C/E-1) + AE/E [%]] (C/IE-1) + AE/E [%]] (C/IE-1) + AE/E [%]
B4y B8y 1.0 £ 0.3 1.2 + 0.4 1.4 0.5 B4y =iy 11+ 0.3 1.4 + 0.4 1.7 + 0.5 2328y 11+ 0.3 1.4 + 0.4 1.6 + 0.5
8528y 0.3 + 0.4 1.3 0.7 1.6 + 1.3 Byl -0.2 + 0.4 0.1 £ 0.7 1.0 + 1.3 Z5y/A8yl 0.2 £ 0.4 0.1+ 0.7 09 + 1.3
26y,238y 0.0 + 0.2 0.5 + 0.2 0.3 + 0.2 z6y238y 0.1 £ 0.2 0.7 £ 0.2 0.5 + 0.2 26y238y 0.1 + 0.2 0.6 + 0.2 0.4 + 0.2
BINp/2BU[ 7.7 £ 2.9 -3.3 + 2.9 -2.0 + 2.0 ZINp/?PU| -6.5 + 2.9 2.4 + 29 -0.7 + 2.0 ZINp/PU| 6.7 £ 2.9 2.7 + 2.9 1.1 + 2.0
Z8py/Biy -5.6 + 1.9 -4.0 + 2.0 -34 + 1.8 Z8py/=8y -3.6 + 1.9 -0.3 + 2.0 3.7 + 1.8 Z8py/=8y 6.2 + 1.9 -4.5 + 2.0 -3.4 + 1.8
29py 28y 0.6 + 0.7 0.7 + 0.9 221 1.2 29p, /28y 0.5 + 0.7 -0.5 + 0.9 0.5 + 1.2 29py, 238 0.7 + 0.7 0.0 + 0.9 1.3 + 1.2
20py28yl 1.3 £ 1.2 0.3 + 0.9 0.5 + 0.7 2pu/ 2Byl 0.5 £ 1.2 0.6 + 0.9 11 £ 0.7 20py28yl 2.2 + 1.2 1.3 + 0.9 0.9 + 0.7
Mpy2¥y| .25 + 2.1 1.6 + 1.4 0.0 £ 2.0 2py2Byl .21 £ 2.1 1.5 + 1.4 0.0 + 2.0 putyl .25 + 2.1 1.8 + 1.4 0.0 + 2.0
#2py2ByYl 2.5 £ 3.3 0.8 + 2.1 0.2 + 1.6 22py/2By[ 2.6 + 3.3 0.8 + 2.1 0.6 + 1.6 2py8y| 3.7 + 3.3 2.0 + 2.1 0.9 + 1.6
2 ami>ty 0.1 + 3.2 2 Am/?8y . 1.2 + 3.2 2 am/28y o 1.1 + 3.2
Am/?%y EOC + 54 2 am/**y EOC t 5.4 2 am/?*y EOC + 5.4
242m Ay 238y 8.9 + 7.0 242m Ay 28y 11.9 + 7.0 242m Ami*3¥y 12.3 + 7.0
23 Am/?8y J E F F'3 ° 1 ° 1 0.1 + 41 23 Am/28y -2.6 + 4.1 23Am/=8y 0.4 + 4.1
2cm>iy -5.0 + 15.0 omi>dy 24.6 + 15.0 om>8y 23.4 + 15.0
24omi®fy 1.0 + 5.6 Momi>dy 11.8 + 5.6 Mom>8y 142 + 5.6
25cmi®fu 3.5+ 75 25cm/?ty 253 + 7.5 “5om/>ty 28.0 + 7.5
25cm/i>fy -15.2 + 8.2 25cm/2%y . . 1.3 + 8.2 “5cm/=8y . . 0.5 + 8.2
#em®*y . . 1.8 + 29.7 27 om2®y . . 1.5 + 29.7 #om?Ry . . 135 + 29.7
"SNd/#*u|  -0.8 + 0.6 -0.6 + 0.6 -0.5 + 0.5 NdP®Ul  -0.1 + 0.6 0.1 + 0.6 0.2 + 0.5 "NdP®Ul <01 + 0.6 0.1 + 0.6 0.3 + 0.5
"““Nd”fUl 1.3 + 0.8 -1.5 + 0.8 -1.6 + 0.9 “NdPfU| 1.2 + 0.8 1.6 + 0.8 1.9 + 0.9 “Nd/”fU| 1.1+ 0.8 1.6 + 0.8 1.8 + 0.9
"Nd/**u 0.0 + 0.7 -0.1 + 0.7 -0.5 + 0.6 145Nd/**tu 0.3 £ 0.7 0.0 0.7 -0.7 + 0.6 “SNd/**U 0.5 + 0.7 0.4 + 0.7 0.0 £ 0.6
146Ng 28y -0.3 + 0.8 -0.4 + 0.8 01+ 0.8 146N 28y 0.6 + 0.8 0.7 + 0.8 1.1 + 0.8 NGBy 0.3 + 0.8 0.2 + 0.8 0.3 + 0.8
NG/ 0.5 + 0.8 0.5 + 0.7 0.6 + 0.8 18Nd 28y 1.5 + 0.8 1.5 + 0.7 1.6 + 0.8 Nd/*PU 1.0 + 0.8 0.9 + 0.7 1.0 + 0.8
"ONd/Z®U[ .04 £ 0.9 -0.1 + 0.8 0.0 + 0.8 "Nd/?%U|  -0.1 + 0.9 0.0 + 0.8 0.1 + 0.8 "Nd/U| 0.1 + 0.9 0.1 + 0.8 0.2 + 0.8
T 'Nd/?2U 0.0 + 1.0 0.0 + 1.0 0.0 + 1.0 2 'Nd/?**U 0.7 + 1.0 0.6 + 1.0 0.6 + 1.0 ¥'Nd/?8U 0.5 + 1.0 0.4 + 1.0 0.4 + 1.0
BU Cray. [GWijlt]] 13.6 22.0 35.2 BU Cray. [GWijt]] 13.6 22.0 35.2 BU Cray. [GWiilt]] 13.6 22.0 35.2

While C/E results are consistent with experimental uncertainties, they show different trends with burnup, suggesting
that some cross sections should be revised: 236U and 23°Pu radiative capture and 238Pu production
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4. Thermal Reactors C/E validation and nuclear data trends

4.3 Commercial LWR applications (UPM)

« UPM analyzed C/E for PWR Critical Boron Letdown Curve
Almaraz Il NPP - Cycle | (IAEA-TECDOC-815, 1995)

Modification Boron Let down (in ppm) - PWR Almaraz Cycle |

Nuclear Data:
Reference: ENDF/B-VII.1

120 [

90

60 [

—~—ppm-ENDFB71

--ENDFB80

-0-ENDFB81b2

ppm-JEFF-4T2.2

-+ JEFF4T3_U8J4T2_PUs_un

——JEFF4T3_U8J4T2_PUs_ad

Case JEFF-4T3_U8J4T2
o XS/JEFF-4T3 + U8/JEFF-4T2
a TSL/JEFF-4T3

a

a

|E8.1b2

DD/JEFF-3.3
FY_U5_PU9/JEFF-4/CON

E8.0 Full core simulations expensive to be used in
ND validation

4TS Many compensating effects, no clean

J4T2 benchmarks

o b bbb bbb

SANDA Meeting, 5 February 2024

But able to identify general trends due to ND
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5. Shielding benchmarks C/E validation and nuclear data trends

5.1. SINBAD benchmarks for validation of recent Fe evaluations (ENDF/B-VIII.O, JEFF-3.3 and FENDL-3.2)

Benchmark / quality Additional information needed on:
ASPIS Iron-88 ~ ¢¢¢ Review: new MCNP model. Additional information needed on:
Analyses by UKAEA (I.Kodeli) - detectors arrangement (e.g. stacking)

- gaps between the slabs
- absolute calibration of neutron source & dilution factor
- effect of the cave walls

ORNL PCA Pool Critical Assembly - PV | - approximate modelling of neutron source (material test reactor
Benchmark (1980) (MTR) with a 93% 23°U fuel elements)

Analyses by NRG (S.v.d. Marck) - SINBAD quality evaluations to be performed

ASPIS PCA REPLICA - Winfrith Supplementary information received from David Hanlon (Jacobs) on
Water/Steel ¢¢¢ (available from WPEC SG47 Githab):

Analyses by UKAEA (l.Kodeli) - geometrical arrangement of the fission plate and ASPIS cave;

- geometry and material of the detectors;
- measurement arrangement and background contribution
- availability of 23°U fission chamber measurements

Ongoing SINBAD evaluation (presented at WPEC SG47)
TOA neutron spectra measured from 5, 10 and 15 cm Fe slabs at
60° and 120° (~2016)

CIAE Iron slab 14 MeV benchmark
Analyses by UKAEA (l.Kodeli)
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5. Shielding benchmarks C/E validation and nuclear data trends

1.3

| —«—FENDL3.2a 14 —— =TT =
| 5 |~ FENDL21 1.3 | ——FENDL2.1 S
o JEFF3.3 P 5 ]C JEFF3.3 -
| 2 {-o JENDL4OU —= - :

1172 enorer1 i R C/E for S(n,p) and Al(n,)
Wy :----Exp.uncertainty > W 1.0 i 7:(:'--B ----- 7 =] ' using ASPIS-Fe88, PCA &
Oo ) ©0o %«E’-Q—Q—E;—-@wg—-ﬂ\& PCA Replica

o ol os = L

0.8 2 L 07 T~

1 PCA Replica: S-32(n,p) " | ASPIS Fe88: S-32(n,p) %l\x—-—a
07 T T T 0.6 T T T \’I(
20 30 40 50 6( 0 20 40 60 80

Distance (cm) Distance (cm)

PCA Replica: sensitivities to Fe56 inelastic X§
(cavity 59 cm) 0

L

PCA: sensitivities to Fe56 inelastic XS
ASPIS-FE88: sensitivity to Fe56 inelastic

|_I

Sensitivity profiles to
56Fe(n,n’) in deepest
positions for PCA, PCA
Replica vs. ASPIS Fe88

05 — |

o
[

1
Y

o
=~

1
[\ ]

o ©
© o

-1,0

1
i

W S32np-A14
B Rh93nn'-A14
m In115nn"-A11

B Al27na-A7 |

1E6 1E7
Energy (eV)

Sensitivity per Unit Lethargy

[ —— Rh-103 (n,n)

In-115 (n,n’)
S Ni-58 (n,p)
L — Al-27 (n, g
1EB 1E7
Energy (eV)

‘l 532-58cm ninel fe56 M Rh-58cm ninel fa56 M In-59cm ninal f955|

1
(8]

Sensitivity per Unit Lethargy
in
Sensitivity per Unit Lethargy
&

_L_‘_,.
o BN

1e+07
Energy (eV)
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5. Shielding benchmarks C/E validation and nuclear data trends

5.2. KFK-1977 y-ray leakage benchmark

* New SINBAD evaluation by Stanislav Simakov: KFK-1977 measured gamma
from bare 252Cf(s.f.) source and from @25, 30 and 35 cm Fe spheres was
prepared within WPEC SG47

KFK gamma leakage experiment (Fe sphere r=15 cm)

1.E-04

S MCNP
5
S gros |~ PARTISN
g Exp
5
2 6.E-05
O
-
o~
£ 4.E-05
L
>
Q
2 2.E-05
@
=
€ 0.E+00
o
0.01 0.10
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289 3
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Sensitivity of gamma flux to Fe56 inelastic

05
04
0.3
0.2
0.1

0.0

H175 W15 M1245

-0.4

1E6 1E7
Neutron energy (eV)

KFK set-up:

KFK vs. IPPE: y-ray leakage spectra from Fe @30cm with Cf-source
10° T T T T T T T T |
) KFK and IPPE Fe-spheres 230cm + 252Cf ]
QQQ _KFKTT ]
8 ] RIr= 15.0/0.8 cm, ]
g Det. at 1.55 cm from sphere surface
& - J
c e, OO0, IPPE'79
= 1ot ) RIr =15.0.8 cm, 4
g Det. at 30 cm from sphere surface]
= ]
') MCNPENDFB-VILD: 7 M, hy
(=] y " ]
8 KFK sphere '-. ]
E |PPE sphere ]
=
2102t E
1 1 1 1 1 1 1 1 1 1
0.3 05 07 1 2 3 4

Gamma Energy, MeV
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5. Shielding benchmarks C/E validation and nuclear data trends

5.3. TOF Shielding Benchmarks in SINBAD

1.0E-05

1.0E-06

1.0E-07

1.0E-08

1.0€-09

Angular Flux (n/sr/m2/lethargy/source)

1.0E-10

1.0€-03

1.0E-04

1.0E-05

1.0E-06

Angular Flux (n/sr/m?/lethargy/source)

H H EXPERIMENTA DETECTORat 0.00 deg
H F 20 : ——FENDL-3.1b 1.06-02
i e - cm ——ENDF/B-VIllba
: H - - -JEFF-33T3 = Fe —_— 5cm
""""""" JEFF-4T2.2 £
3 10e03
=
3
5
£
g
~
£ 1004
=
= /
E !
3 — /
T 10605 ey Mlsag
& i T
-1 T T
) #iF <t
H Z
H <
01 10 1.06-06
1 10

FNS - TOP (17 cases x 5 angles)
Oktavian (15 cases)

MCNPG6 shielding suite (14 cases)

FNS-TOF/50.0 CM(R)*60.0 CM(Z)-FE CYL.

DETECTORat 0.00 deg

FNS-TOF/50.0 CM(R)*40.0 CM(Z)-FE CYL.

Fe —60cm

EXPERIMENTA
1.0E-05

DETECTOR at 0.00 deg

——FENDL-3.1b
——ENDF/B-Villba

- - -JEFF-3.3T3
rrrrr JEFF-4T2.2

1.0E-06

Fe - 40cm|

1.06-07

Angular Flux (n/sr/m?/lethargy/source)

0.1

Neutron Energy (MeV)

FNS-TOF/50.0 CM(R)*20.0 CM(Z)-FE CYL.

DETECTORat 0.00 deg

1.0E-08

0.1

Neutron Energy (MeV)

FNS-TOF/50.0 CM(R)*5.0 CM(2)-FE CYL.

Neutron Energy (MeV)

FNS/TOF results
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D*D
Deliverable D5.7 - Status summary Q@@
S

Significant number of sets of reactor physics & shielding benchmarks, as planned
Extensive use of JEFF-3.3 and JEFF-4Tx for C/E estimates and trends identified
Deliverable structure already shared with all contributors (January 2024)

Pending to send a draft so that contributors can include additional updated
results/analysis

Estimated date to send a 15t draft to contributors: March 2024

Estimated date for completion: April 2024
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