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Overview of the results

* 18 participating organizations delivering results:

ASNR

BGZ

CIEMAT

EPFL

Nagra

ORNL

SEA Ingenieria
SCK CEN

VTT

e Two models considered

* Pincell:
* Assembly:

38 calculations
43 calculations
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Overview of the results

' PSI

>

160 requested quantities

Results presented as

* Analyzed with unique inputs
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Simple averages
Tolerance intervals

(codes, libraries and users)
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2.4. Calculated quantities

The main interest of the benchmark resides in the calculation of the decay
heat values at the time of the measurements (see Table [1). These six decay
heat calculated values are therefore required as output of the benchmark
(both for the pincell and assembly models):

e at the six cooling time of measurements, the calculated decay heat
values (in Watts),

e at the six cooling time of measurements, the contributions (in %) to
9aR__¢ Y DA/ ( C “ 27
the total decay heat for 238-200py A 244Cm, 0gp Wy BLITCg
3TmBa and *Eu.

In addition, in order to help for the understanding of possible spread of
results, as well as to estimate possible agreement or disagreement during the
depletion calculations, the following quantities are also requested for both
the pincell and the assembly calculations:

e k. at the beginning and end of each of the four irradiation cycles,

e burnup value (MWd/kg) at the beginning and end of each of the four
cycles,

e similarly, at the beginning and end of each of the four cycles: mass den-
sities (in gtH\]ED for 234-236,238[] 238-242p,, 241242m.243 ) U2y
QOSI‘, 134’137CS, 148Nd and 154Eu,

e at the end of each cycle, the integrated number of fissions for 23>23%U

and 2%241Py (in % of the total fissions).



Overview of the results

Beginning of Table 2|

Index Code Transport, FY, decay data  Benchmark Institute/

libraries (XS/FY/DD) (p/a/pa) user

1 CASMO-5 v2.13 ENDF/B-VII.1 pa 1
+ XS 239Pu JENDL-4.0

2 SERPENT v2.2.0 ENDF/B-VIIL.1 pa 2

3 SERPENT v2.1.30 ENDF/B-VILO pa 3

4 SERPENT v2.2.1 ENDF/B-VIILO a 4

5 SERPENT v2.2.1 JEFF-3.2 a 4

6 SERPENT v2.2.1 JEFF-3.3 a 4

7 SCALE/TRITON v6.2.4 ENDF/B-VII.1 pa 4

8 SERPENT v2.2.1 ENDF/B-VII.1 pa 4

9 SCALE/POLARIS v6.3.1 ENDF/B-VIIL.1 (XS+FY) pa 5
JEFF-3.0/A (DD)

10 SERPENT v2.2.1 ENDF/B-VIIL1 pa 5

11 SERPENT v2.2.1 JEFF-3.2 (X8) pa 5
JEFF-3.1.1 (FY+DD)

12 DARWIN v2.3 JEFF-3.1.1 pa 6

13 EVOLCODE v2.0 ENDF/B-VIILO pa 7

14 EVOLCODE v2.0 JEFF-3.3 pa 7

15 SCALE/ORIGEN v6.3.1 ENDF/B-VII.1 a 8

16 MVP v3 JENDL-4.0 (XS+FY) pa 8
JENDL/DDF-2015 (DD)

17 MVP v3 JENDL-4.0 (XS+FY) pa 8
JENDL-5.0 (DD)

18 MVP v3 JENDL-5.0 (XS+FY) pa 8
JENDL/DDF-2015 (DD)

19 MVP v3 JENDL-5.0 (XS+FY) pa 8
JENDL-5.0 (DD)

20 VESTA v2.2/MORET v5 ENDF/B-VIL1 pa 9
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21 SCALE/ORIGEN v6.0 wl7x17 v5.1 (XS) a 10
ENDF/B-V (FY+DD)
22 SCALE/TRITON v6.3.2 ENDF/B-VIIL1 pa 11
23 MCNPX v2.60 JEFF-3.1.1 pa 12
+ ORIGEN2
24 HELIOS2 v2.04.02 ENDF/B-VIIL1 pa 13
25 SERPENT v2.2.1 ENDF/B-VIILO p 14
26 SERPENT v2.2.1 ENDF/B-VIIL1 p 14
27 SERPENT v2.2.1 ENDF/B-VIILO p 14
+ DBRC
28 SERPENT v2.2.2 JEFF-3.2 (X8S) pa 15
JEFF-3.1.1 (FY+DD)
29 SERPENT v2.2.2 ENDF/B-VIILO pa 15
30 SERPENT v2.2.2 JENDL-4.0 pa 15
31 SERPENT v2.2.2 ENDF/B-VIIL1 pa 15
32 SERPENT v2.2.1 JEFF-3.1.1 P 14
33 SERPENT v2.2.1 ENDF/B-VIIL1 p 14
34 SERPENT v2.2.0 ENDF/B-VIIL.1 pa 16
35 SCALE/TRITON ENDF/B-VIL1 (XS+FY) pa 17
v6.3.1 ENDF/B-VILO (DD)
36 SERPENT v2.2.1 ENDF/B-VIIL1 pa 18
37 ALEPH2 v2.9.2 ENDF/B-VIIL1 a 19
38 ALEPH2 v2.9.2 ENDF/B-VIILO a 19
39 ALEPH2 v2.9.2 ENDF/B-VIIIL1 a 19
40 ALEPH2 v2.9.2 JEFF-3.3 a 19
41 ALEPH2 v2.9.2 JEFF-3.1.1 a 19
42 ALEPH2 v2.9.2 JENDL-5.0 a 19
43 SNF v1.07 ENDF/B-VII.1 a 1
44 SCALE/ORIGEN v6.3.1 ENDF/B-VIL1 a 20
45 SCALE/ORIGAMI v6.3.1 ENDF/B-VIL1 a 20
46 DRAGON v5.0.8 ENDF/B-VIIL.1 p 21
47 DRAGON v5.0.8 ENDF/B-VIILO p 21
48 DRAGON v5.0.8 ENDF/B-VIIIL.1 p 21
49 DRAGON v5.0.8 JEF-2.2 p 21
50 DRAGON v5.0.8 JEFF-3.3 P 21
51 DRAGON v5.0.8 JEFF-3.1.1 p 21
52 DRAGON v5.0.8 JENDL-5.0 p(38) 21
53 CASMOS5 v3.08 ENDF/B-VIL1 a 9
+ XS 239Pu JENDL-4.0
54 CASMOS5 v3.08 ENDF/B-VIIL.1 a 9
55 HELIOS2 v2.04.02 (no spacers) ENDF/B-VII.1 a(43) 13
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Code Pincell Assembly Library Pincell Assembly
SERPENT 16 14 ENDF/B-VIIL.0 1 1
MVP 4 4 ENDF/B-VII.1 15 19
MCNP(X) 3 9 ENDF /B-VIII.O 5 4
TRITON 3 3 ENDF /B-VIII.1 2 1
ORIGEN 0 4 JEFF-3.1.1 4 3
POLARIS 1 1 JEFF-3.2 2 3
DARWIN 1 1 JEFF-3.3 2 3
HELIOS2 1 2 JENDL-4.0 3 3
VESTA 1 1 JENDL-5.0 3 3
CASMO5 1 3 JEF-2.2 1 0
SNF-1.7 0 1 Other 0 3
DRAGON 7 0
 Other options:
* Different decay data libraries * Different decay data & FY libraries

* Different transport (DBRC) * Test libraries (future JEFF-4.0)
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Results: decay heat PSI
35 35
Pincell s Assembly  m—
30 A 30 A
n=227 n=257
o 25 4 mean=1.029 o 25 mean=0.989
=15 4 =15 -
S S
10 1 10 -
D A 5
0 A 0 -
1.002  1.012 1.022 1.032 1.042 1.052 0945 096 097 099  1.005  1.02
C/E values (all measurements) C/E values (all measurements)

95%/95% Tolerance intervals: 1.008-1.050 0.959-1.020
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o

pincell decay heat

Results

|
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C/E -1 (%)

Results: assembly decay heat

PSI

Average C/E and 10:0.989 + 0.014

DH1
DH?2
DH3
DH4
DH5
== DHG
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Results: assembly k_inf y PSI
12 12
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Results: assembly Nd-148
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Results: assembly U-235 and Pu-239 concentration (EOL)
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Remark 1: Spread of concentrations PSI
Pincell Assembly Pincell Assembly
Decay heat (+2.6 2 09) % (-1.2 £ 1.2) % | Akeo + 551 pcm £+ 1225 pcm
RR A235U + 1.9 % + 1.8 % RR AZ38U + 3.1 % + 1.1 %
RR AZ239Pu + 0.4 % + 0.7 % RR AZ241Pu + 1.3 % + 1.2 %
A234U + 2.6 % + 2.0 % A235U + 2.1 % + 1.9 %
A236U + 1.0 % + 0.7 % A238U + 0.08 % + 0.08 %
A238Py + 3.7 % + 3.9 % A?39Puy + 1.0 % + 1.8 %
A240Py + 1.8 % + 2.5 % A?41 Py + 1.8 % + 1.3 %
A242Py + 29 % + 1.6 % A4 Am + 9.7 % + 12 %
AZ42m Ay + 23 % + 20 % A2 Am + 4.8 % + 6.4 %
A242Cm + 7.0 % + 8.1 % A243Cm + 12 % + 14 %
A?44Cm + 6.5 % + 5.2 % A99Sr + 1.0 % + 0.9 %
A134Cs + 4.8 % + 5.3 % A137Cs + 1.2 % + 0.9 %
AT4¥Nd + 0.9 % + 1.0 % A4 Eu + 6.1 % + 3.1 %

Table 13: Summary table of the calculated uncertainties (A corresponds to 1o) for both
benchmarks at EOL. For the decay heat, the C'/E — 1 + 10 over the six measurements
is given. RR means fission reaction rates. If not specified, uncertainties concern nuclide
concentrations. Data comes from the ULC analysis.
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Remark 2: decay heat and modelling (not in the SG16 documents)

* The current benchmarkis based on the description of the SKB 2006 report.

* In 2024, the new EPRI report proposes for the OE2 assembly
e Slightly updated burnup
» Different fuel density (SKB: 10.35 g/cm? - benchmark: 10.34 g/cm3 - EPRI: 10.7 g/cm?3)

* This matters if calculations are not normalized to the total mass (calculations given in W/g or
W/t)

* New (EPRI) fuel density leadsto C/E = 1.031vs. C/E = 0.986 (PSI results only, for the assembly,
with SERPENT2, ENDF/B-VII.0)

e Such difference >than 4o
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Conclusion

e Case OE2 (PWR UO, 3.1wt% 235U enriched, 41.6 MWd/kg)
* 6 decay heat calorimetric measurements from SKB
* 2 benchmarks (2D pincell and assembly)

 Successful comparison (> 55 calculations)
* Summarized in a draft paper

* Results for decay heat (ULC values):

* Pincell C/E -1: (+2.6 £ 0.9) %
* Assembly C/E -1: (-1.2+1.2) %
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Next steps 5 PSI

* What’s next (to be discussed):
* Publication (NEA report and journal paper),
* (missing descriptions for TRITON((BGZ SEAWTI) " POLARIS(BG2)

* Future subgroup:

New analysis (blind, or other cases with or without measurements),

Uncertainties,

Switch to burnup analysis (see talks later in the day)
e Stop.
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Many thanks

* Questions ?
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