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(=)= Subgroup general goal

Goal: Provide users with reliable estimations of SNF-DH
—Spent fuel from existing power plants

— Decay heat for specific cooling periods (to be determined (e.g. < 3days,
>months, years, decades, more))

* Intermediary steps:
— Knowledge exchange, discussion, presentations
— Report SOTA (state of the art)

* Preparation:
—New benchmark

. e, o GE-Morris Cooper BWR assembly CZ205, UO,, 25.3 MWd/kgU
—Measurement needs and possibilities B . —
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(== Main outcome of meeting

62 participants, 21 in person
7 technical presentations, 2 overview presentations (1 RWMC, 1 WPNCS)

Discussion on the SG12 report

Decision on future computational benchmark
Letter of support for the KKG calorimeter, interest in a joint project
Need of new measurements

QWi ®@ens

Validation of decay heat calculations
of spent nuclear fuel for ng?
CASTOR® V casks

Dr. Sven Tittelbach

27th Meeting of the Working Party on Nuclear Criticality Safety (WPNCS)
5G12 - Decay heat of spent nuclear fuels
27.06.2022

Detection of gamma rays from short-lived fission
products at KUCA and KURNS-LINAC

Energy Transformation Research Laboratory
Central Research Institute of Electric Power Industry

Dr. Eng. Yasushi NAUCHI

OECD/NEA/WPNCS/SG12 meeting
June 27, 2022

S

Decay heat calculation at CEA :
Tools, methods, verification and validation

cea

WPNCS SG12 meeting

DE LA RECHERCHE A LINDUSTRIE

Rémi BARON, Tan ien LAHAYE, Fadhel MALOUCH,
Aimé TSILANIZAR/ s oralie CARMOUZE

Calorimeter for the measurement of spent fuel decay heat

Overview of the KKG Project KKG RESTRICTED

Overview of Decay Heat
Activities

Hatice Akkurt
Used Fuel and High-Level Waste Management (UFHLW)
Electric Power Research Institute (EPRI)

WPNCS SG 12: Decay heat of spent nuclear fuel
June 27,2022
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(5 Y. Nauchi - 2 presentations (CRIEPI, Japan)

* Measurements of g-rays from short lived fission products (< 4sec)
—Validation of JENDL FY and decay data
— Critical facility & nTOF
* Need to simulate bremsstrahlung ray for Sr90 to Y90
—Sr90 emits very few gamma-ray
—Signs at Fukushima NPP of high dose on Sr filter -> bremsstrahlung

Critical Experiments

@ yray spectroscopy for KUCA to establish a technique to
identify and quantify reactions occurring in a critical core.
@ Spectrum with good resolution & high count rate (13kcps)

https://indico2.riken.jp/event/3359/c
ontributions/15415/
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* Project of a new calorimeter at the KKG wet storage pool

S. Caruso - presentation (KKG, Switz

erland)

— Need of DH measurement for high burn-up SNF, high enrichment, MOX

— Need of more precise data (1-3%) for transport, storage, op
—Soon submitted to the Swiss regulator
— Define SNF of interest with NAGRA

timization

Operating variants of the calorimeter (high flexibility)

1!

3 possible operative conditions

I

Variant 1 (Close) Variant 2 (Close) Variant 3 (Open)
Kernkraftwerk

27.06.2022 | EDMS: 835779 — KKG-Calorimeter

Folie 9 |
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(== S. Lahaye - presentation (CEA, France)

* Calculation and validation (decay heat and PIE nuclides)
—DARWIN2.3 (now), DARWIN3 with MENDEL development (later)
— PIE nuclide concentration, CLAB, HEDL, GE-Morris, MERCI
—DH: C<E
— Interest in new DH measurements & benchmark

g Two generations of codes involved in decay heat calculations

Data from
SAPHYR generation GALILEE

Lattice computation
Predictor/corrector scheme

APOLLO3® ND

libraries

RK 4th order

APOLLO2

APOLLO2 ND
libraries

APOLLO3®

RK 4th order CRAM || MENDEL
analytical solution

DARWIN/PEPIN2

72!

Depletion solvers SAPHYB Bateman equation solver

file from MENDEL used by
APOLLO3® and TRIPOLI-4®

of Bateman equation
in each software

DARWIN2.3 Toward DARWIN3

lommissariat a I'énergie atomique et aux énergies alternatives WPNCS — SG12 Meeting 2022, June the 27th
5 - http://www.psi.ch/stars 2022.07.01/STARS/RD41-(6/11) -
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(5 T. Simeonov - presentation (Studsvik, USA)

* Review of DH “standards”:
— ANSI, DIN, NUREG, ISO comparison
— Proposal to make a code available for DH standards
— “section 6” SNF CODE, ILLUSTRATION

e Burnup 47.4 MWd/kgU ﬂ Power
* Decay time 4724  days '

CLAB-2004, Assembly 5F2
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(=== S. Tittlebach- presentation (WTI, Germany)

* DH validation for CASTOR V casks:
— Based on PIE nuclide concentration LWR-PROTEUS and ARIANE
—SCALE/TRITON and HELIOS , C>E
— Derivation of correction factors

Results — DHP — Average deviations (including 16 uncertainties)
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5 H. Akkurt - presentation (EPRI, USA)

q

* PIRT Report
* EPRI-SKB collaboration
* Extended Storage Collaboration Program

Extending Validation Range for Decay Heat
| [ dabi* | —cab2™ | clab3trr

2003-2004 2005-2010 2017-2021 Recent measurement

109 95 51 campaign (2017-2021),
2.1-34 2.1-3.7 2.1-4.1 significantly extended decay
15-51 20-50 20-55 heat validation ranges for
11-27 11-27 1.5-35
57-712 91-850 71-1724

150

cooling time and decay heat

*Published in SKB Report R-05-62 in 2006
**Some validation results published (journal
articles) without full specifications

***Not yet published

Clab Measurements
100

.....................................................................

Uncertainty analysis is still
ongoing but preliminary analysis

indicate that measurement
uncertainty is less than 1% for
high decay heat

Measurement Uncertainty (W)

-150
0 250 500 750 1000 1250 1500 1750

Measured Decay Heat (W) EHE
77 © 2022 Electric Power Research Institute, Inc. All rights reserved (===
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Reporting

* Main goal of the SG12: SOTA report (available on Overleaf)
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(== Future DH computational benchmark

* 2D simulations: assembly and pincell
* CLAB-2006 measurement: PWR 17x17 assembly OE2, 3.1 %, 41.6 MWd/kgU

* Multiple measurements

PAUL SCHERRER INSTITUT

Required input/output

* Input details provided by the SG12

* Irradiation steps and cooling steps for the pincell and assembly
* Code, important methods, libraries

e Calculated DH + standard DH values
* Calculated neutron/gamma emission, activity

[ ISJ'nf during irradiation CLAB Ringhals-3 PWR assembly 0E2, UO,, 41.6 MWd/kgU
* Nuclide concentrations during irradiation + cooling tim|  '* SoaNon — 0.60 ;g

—U-234,235,236,238, Pu238-242, Am241-243, Cm242-— "\ NELOG00—
—Nd146-148, Rh103,106, Cs133,134,137, Ba137m, Sr9(= | o S3ias o)

DIN 25463 (2014)

kW

0.55F

« fission rates (separate between 4 main actinides) ; 1; | 0506
* Delayed fission T sl /

IS N — ] ]
* Sensitivity ? 0.4 — I ————

1 S 12 16 20 24 S 32 36 40

* Gaps?

2
Cooling time (years)
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== Wir schaffen Wissen — heute fiir morgen




