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Fuel loading and criticality
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Experiment description: prior criticality steps

Step 2: 40 F-SA Step 3: 46 F-SA Step 4: 55 F-SA Step 5: 61 F-SA

A
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Step 6: 65 F-SA Step 7: 68 F-SA Step 8: 69 F-SA Step 9: 70 F-SA Step 10: 71 F-SA
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Fuel loading and criticality
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Experiment description: critical core

» Sodium temperature of 245°C
72 F-SA loaded,
> Steps 11 to 13 were supercritical with only one

of the regulating rods (RE2) inserted
respectively at 190 mm, 170 mm, 151 mm.

» Criticality state reached at RE2 inserted at
position 70 mm.

v

» 3 dedicated start-up detectors located near the
active core were used to get the counting rate
for the criticality approaching process.
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Output
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Expected output: net criticality

No. of Fuel Rod position/mm Core Expected

SA’s loaded | Other 7 CR’s RE2 state output
70 Out-of-core Out-of-core Subcritical kefr
71 Out-of-core Out-of-core | End of subcritical process kefr
72 Out-of-core 190 Supercritical Kefr
72 Out-of-core 170 Supercritical kefr
72 Out-of-core 151 Supercritical kefr
72 Out-of-core 70 Critical (predicted) Kefr
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Output
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Optional output

Normalized power path

Steps to criticality

No. of Fuel Rod position/mm Core Expected

SA’s loaded | Other 7 CR’s RE2 state output
24 Out-of-core Out-of-core | Subcritical kefr
40? Out-of-core Out-of-core | Subcritical ke
46 Out-of-core Out-of-core | Subcritical ke
55 Out-of-core Out-of-core | Subcritical ket
61 Out-of-core Out-of-core | Subcritical ke
65 Out-of-core Out-of-core | Subcritical ke
68 Out-of-core Out-of-core | Subcritical ke
69 Out-of-core Out-of-core | Subcritical ke
70 Out-of-core Out-of-core | Subcritical ke
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Participants
°

Deterministic (17 participants) Stochastic (20 participants)

Country Institute Xs Nodal Code Lattice Code
: e . e Country Institute Xs Code
230 can Canalnstigicof Albaie — ENDER/VIIED DAS PASC Belgium  SCK-CEN: Belgian nuclear rescarch gentis ENDFBVILL 0penMC 0.10.0
China XJTU: Xi'an Jiaotong University  ENDEF/B-VILO SARAX- SARAX-TULIP China CIAE: China Institute of Atomic Energy ENDFB/VIILO RMC
LAVENDERvVLS  v1.§ China INEST: Institute of Nuclear Encrgy Safety Technology HENDL3.0 SupatMC
France ‘CEA: Commissariat a [ Energic. JEFF 3.1 JEFF3.1.1  ERANOS, ERANOS, .
s Cen RSOTig ASOELOS Einland  VIT: Technical Rescarch Cenire ofFinland ENDF-BIVILO, JEFF 312 Serpent2.131
Germany. GRS: Gesellschaft fir Anlagen- ‘ENDF/B-VILO FENNECS Serpent 2.1.31 France CEA: Commissariat a |Energic Atomique JEFF3.1.1 TRIPOLI4
und Geomany  HZDR: Helmholtz Zentrum DresdenRossendorf TEFF-3.1, JEFF-3.3, ENDF/B-  Serpent 2.1.31
Geomany, KIT: Karlsruhe Institute of JEFF3.1 VARIANT ECCO VIL1. ENDF/B-VIILO
Technology Germany  GRS: Gesellschaft fiir Anlagen- und i ENDF/B-VIL1 Serpent 2.1.30
Hungary CER. Contee ForEacs gy Rescarch  ENDEB/VILLO KIKO3DMG Serpent 2131 gy CER Centre fr Brergy Rovemreh ORI R
Tndia TIGCAR: Indira Gandhi Centre for  ABBN-03, ERALIB-  FARCOB, FARCOB, TAEA  TAEA: Intcraafional Atomic Eacrgy Ageacy ENDF/B-VILL OpenMC,
Atomic Research 1JEF-22 ERANOS ERANOS 2.1
Japan JAEA: Japan Atomic Energy JENDL-4.0 DIFJDW OPARTL  SLAROM-UF Tndia IGCAR: Indira Gandhi Centre for Atomic Rescarch ENDF/B VIILO, JEFF 3.3 OpeaMC 0100
Agency 5.9' JENDL 4.0, ROSFOND 2010,
Korea KAERI: Korea Atomic Energy ENDE/B-V.ILO DIFSD VARIANT  MC23 CENDL 3. TENDL 2017
Rescarch Institute Ttaly. 'NINE-UNIPI: Nuclear and Industrial Engincering- ENDFB/VIILO Serpent 2.1.31
ors: "UNIST: Ulsan National Institute of ENDF/B-VILT RAST-I\ MCS Universith di Pisa
Science and Technolo; L = Jspan. JAEA: Japan Atomic Energy Agency JENDL-4.0 MVP-II
Mexico NI Ietifuo Nociondl de ENDEB/VIILO \ZNHEX(SPL)  Sempent 2.1.31 Kora  KAERI: Korea Atomic Encrgy Rescarch Insitute ENDF/B-VILL McCARD
NRCE: ABBN03 TARFR TARFR Korea  UNIST: Ulsan National Institute of Science and Technology ENDF/B-VIL1 MCS
zalmhxrl Ressarch Center: Mexico  ININ: Instituto Nacional de Invesfigaciones Nucleares  ENDFB/VILO Serpent 2.130
urchatoy
Russia SSL: Simulation Systems Lid. ENDFBVIL DYNCO WIMSDA RGO} RATENTHatHE(e o8 NG SR REdeSret ENDFB/VIILO Sman2 a1
Switzerland  PST: Paul Scherrer Insfitut JEFF3.1.1 PARCS 127 Serpent 2.1.30 Russia  IPPE: Institute of Physics and Power Engineering ROSFONDI0+ MMKC
R ToC; Ciusrsity of Cambridge 2 WINSIL WIMS 1T Russia  NRCKI: National Research Center: Kurchatoy Institute  JEFF-3.3 S 213,
Ukraine KIPT: Kharkov Institute of Physics  BNAB-76 FANTENS-2 Slovakia _ VUJE ENDF/B-VILI Sempent 2.1.31
& Technolo
TSA "ANL: Argonne National Laboratory ENDE-B/VILO MCC-3. DIFSD MCC3 Us& NRC: Nuclear Regulatory Commission ENDEB-VILL Sspent 2130
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Blind results
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Deterministic kes

ke sy in critical steps with deterministic codes (blind phase) ke py in fuel load steps with deterministic codes (blind phase)
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Deviations in pcm from average values up to 2000 pcms difference between
participants.

A. Gomez, R. Lopez, J. Galicia et al.

V&YV of neu ic codes with criticality tests performed in the CEF



Blind results
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Deterministic normalized power path

Power all results plus Average

109 33 1140 IV-68
R . T T Dev N
SR CO N BT CO N S O T S ) 5
1.10129 1.02453 0.93199 0.82340 g
Z
Lowe0 015 Lo 0@ oo s osien  ose 2
Loy Loy 000 osmw a2 omwr  pw g
Lo 050 Lor 029 oomss s omem  s» E
SSL locloo nas Lot 5@ Lowwo 02 Lo 74l osieo  -isss £
z

+— KAERI ININ — PSI == AVERAGI

A. Gomez, R. Lopez, J. Galicia et al.

V&V of tronic codes with criticality tests performed in the CEFR



Blind results
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Stochastic k¢

ke sy in critical steps with stochastic codes (blind phase)
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ke py in fuel load steps with stochastic codes (blind phase)
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Deviations in pcm from average values ranked in 400 pcm (800 pcms in the most

extreme cases)
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Blind results
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Stochastic normalized power path

Power all results plus Average
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Refined results
©00

Experimental results

RE2 position p (%) p (%)
[mm] [pem]
190 3.95E-04 40
170 3.35E-04 34
151 2.45E-04 25
70 0.0 Estimated 0
ke — 1,0
kefr
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Refined results
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Deterministic refined results

ke s g with deterministic codes (refined phase)
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Adjustments in XS's generation and further developments in numerical solvers implied
significant improvements £320 pcm from experimental data.
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Refined results
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Stochastic refined results
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Average deviation
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Conclusions
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Conclusions

> All refined results presented improvements in the comparisons against experiment
values.
> For deterministic:
» In the blind phase calculation ranked from —900 to +1000 pcms, almost 2000 pcms
of difference in the more extreme cases.
» Reason: Very different numerical approaches implemented in the deterministic
solvers going from pure diffusion in some cases to more complex transport solvers
(18 different codes).
> For refined phase: adjustments in XS’s generation and further developments in
numerical solvers implied significant improvements +320 pcm’s.
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Conclusions

» For stochastic:

» 11 out of 20 participants used Serpent Monte Carlo code.

» In blind phase, deviations in pcm from average values ranked in £400 pcm (800
pcms in the most extreme cases) with just some exceptions with over 600 pcms as
an absolute value for the homogeneous model.

> In the refined phase, significant improvement was obtained in calculations, average
deviation from all participants was only 167 pcms.

» Improvements in this case come directly from model adjustments.
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Conclusions

> Although stochastic results are more accurate, it is more notorious the
improvement on refined phase in the case of deterministic codes

Blind phase Refined phase Improvement
Deterministic codes 448 pcm 320 pcm 128 pcm
Stochastic codes 224 pcm 167 pcm 57 pcm

y tests performed in the CE
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