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(= Motivation and method

GU3 is part of the ARIANE program, and was irradiated in Gosgen, Switzerland

Part of the CASMOS5 validation with PIE set at PSI (PROTEUS, ARIANE, MALIBU): 27
samples

UO, sample, 4.1% enr., in 15x15 PWR assembly, 3 consecutive cycles (16,17,18), in 2
assemblies

Access to the detailed irradiation histories for both assemblies from core follow-up
validation with CASMO5/SIMULATE-3
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Fig. 2. Locations of the assemblies 16-01 (cycles 16 and 17) and 17-01 (cycle 18) containing the GU3 sample. The positions of
both assemblies are indicated by a cross. The colors are proportional to the assembly burnup obtained from SIMULATE-3 at the
end of each cycle (EOC).

ety ety o v o e e < 110)



PAUL SCHERRER INSTITUT

(== Motivation and method

* GU3 was analyzed in ITU and GU3’ in SCK (same sample)

» Different measured nuclide concentrations, different measurement times.
—Nd148 differs by 5%
—Some ITU measurements were rejected by ARIANE
— FIMA differs by 5%
—Recommendations by ORNL (used in SG10)
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(5 Tools

* CASMOS5: different versions, different nuclear data libraries
* Irradiation history based on detailed information from SIMULATE-3
— 20 steps/cycle
— Changing moderator and fuel temperatures, power density, reactor
pressure, and eventually the control rod position.
— No burnup adjustment was necessary to match the Nd-148 from GU3’
 Estimated sample burnup: 52.5 £ 0.5 MWd/kg (U).

Table 2. Comparison of average C/E-1 (in%) between different types of caleulations for GU3 and GU3’, sce text for

details.

Code Library case GU3 (5CK) GU3 (ITU) Reference [8]
52 isotopes 45 isotopes 45 isotopes 50 isotopes
AC/FP AC/FP AC/FP AC/FP

CASMOS5 2.03 ENDF/B-VII.1 1 —2/+3 +1/42 —-1/+1 +2/+1

CASMOS5 2.13 ENDF/B-VIL1 2 —3/+1 +0/4+1 —2/40 +1/-0

CASMOS5 2.12, 2.13 ENDF/B-VIL.1 34 —-2/+1 +0/+1 —2/40 +1/+3

CASMOS5 3.01, 3.02 ENDF/B-VII.1 511 —=3/+1 +0/+1 —2/40 +1/+3

CASMOS5 3.01, 3.02 ENDF/B-VIIL.O 6,12 —3/+1 —0/40 —3/40

CASMOS5 3.01 JEFF-3.1.1 7 —10/+5 —4/42 —6/+1 —2/46

CASMOS5 3.01, 3.02 JEFF-3.2 8,9 —3/+1 —1/+1 —4/40 —0/+3

CASMOS 3.02 JENDL-4.0 10 —2/42 +1/42 —2/+1 +2/+4

SCALE [18] SCALE-6 —1/42

WIMS [22] JEFF-3.1 —1/+8 —4/-1

VESTA [23] ENDF /B-VIL0 —-1/-2 —5/4+13

VESTA [23] ENDF /B-VIL1 +0/-4 —5/4+11

VESTA [23] ENDF/B-VIILO +0/-2 —5/4+14

VESTA [23] JEFF-3.1 —2/40 —6/4+13

VESTA [23] JEFF-3.2 +0/40 —6/+14

VESTA [23] JEFF-3.3 +1/-1 —5/+14

TRITON [g] SCALE-5.1 +1/+6
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()= Uncertainties due to nuclear data

* Sampling approach (TMC like): repeating 300 times the same calculations, each time
with sampled nuclear data using
— ENDF/B-VIII.O, JEFF-3.3 and JENDL-4.0 covariance files (separately for each library)
— Partial variation for XS and FY
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Fig. 5. Relative contributions of the cross sections (called XS) and fission yields (called FY) to the total uncertainties based on

the ENDF/B-VIIL.O covariance library.
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()= Uncertainties due to nuclear data

ENDF/B-VIII.0O JEFF-3.3 JENDL-4.0

GU3 GU3 GU3
ENDF/B-VIII.O JEFF-3.3 JENDIL-4.0 z‘:sr 0.7 14 0.7
GU3’ GU3’ GU3’ oMo 09 0.1 0.9
! ! e 1.4 0.8 1.6
0IRy 2.8 0.9 3.1
234 106 R 1.5 1.7 1.5
2353 ?g ?z ig 1“3RE 1.7 1.7 13
. . v 1094 21 44 20
23677 0.8 1.7 1.2 125G, 18 27 30
2381 0.0 0.0 0.0 290 3.0 6.1 3.5
238Np lj-d' 5.;} 4.0 13405 29 4.6 30
Pu 4.8 9.4 7.0 1350 7.1 20 7.6
239py, 1.8 1.7 2.2 BTCs 6.7 3.6 6.9
240 : = M4Ce 04 0.6 0.5
mPu 4.3 2.5 44 TPy 95 1.2 1.3
Pll 3.2 3.]. 3.4 142Nd 5‘1 50 08
242py, 1.8 8.5 8.6 M3Nd 2.0 3.6 0.9
2441:)11 8.0 8.1 0.2 MANG 1.2 2.2 0.4
' ) ’ 45Nd 2.0 0.9 0.4

241 i

242Jt'l\III ?)4 31 39 14bNd 1.7 0.7 0.3
MmMAm 3.8 3.2 4.5 M8NG 0.4 0.6 0.4
243 A 1 8.5 7.7 9.0 "ONd 0.4 0.9 0.5
242 “7Sm 2.2 1.2 1.2
2430“1 3.6 2.7 4.1 M8G  1.8 1.9 1.0
Cm 11 16 12 1499 1.7 3.5 16
440, 0.7 9.3 10 150G, 1.2 1.3 1.0
2450111 15 14 15 151Gm 2.7 12 2.0
246 94 91 24 1526m 2.6 3.8 1.2
m 154G 1.6 7.3 1.7
153En 3.3 2.1 1.1
154, 2.8 2.3 1.3
55py 24 24 1.1

155Gd 23 23 1.1
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H» Uncertainties due to other quantities

* Operating conditions:
— Fuel & moderator temperatures, boron concentration (uniform, 2 %)
— Burnup (uniform, 0.25%, certainly underestimated, given recent results)
* Manufacturing tolerances:
— Radii of the fuel and guide tubes, positions, pitch (uniform, 0.5%, with constrains)
— Fuel density and enrichment (uniform, 0.5%)

ND TFU TMO BOR RAD ENR (X-Y) DEP PITCH
min—max +FDEN
234y 2.3-79 0.0 0.3 0.0 0.1 0.1 0.2 0.2 0.5
2357 1.2-1.8 0.2 1.8 0.0 0.6 0.6 1.0 0.4 1.1
23617 0.8—1.7 0.0 0.3 0.0 0.0 0.2 0.1 0.1 0.1
2381 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
237TNp 3.3—4.0 0.1 0.9 0.0 0.2 0.3 0.2 0.2 1.1
238py, 4.8-9.4 0.0 1.8 0.0 0.2 0.4 0.4 0.4 2.0
239py 1.7-2.2 0.2 1.6 0.0 0.2 0.1 0.4 0.0 1.6
240pyy 2.5—4.4 0.1 1.0 0.0 0.1 0.1 0.2 0.1 0.6
241py 3.1-3.4 0.2 1.8 0.0 0.2 0.3 0.2 0.1 1.5
242pyy 4.8—8.6 0.1 1.0 0.0 0.5 0.7 0.6 0.4 0.9
244pyy 8.1—9.2 0.1 1.8 0.0 0.7 0.9 1.1 0.7 1.9
241Am  3.1-39 0.2 1.8 0.0 0.2 0.3 0.3 0.1 2.7
242mA;m 3.2-4.5 0.3 3.2 0.1 0.4 0.3 0.7 0.2 3.6
243Am  7.7-9.0 0.1 1.3 0.0 0.6 0.7 0.7 0.5 1.7
220m 2.7-4.1 0.1 1.8 0.0 0.3 0.5 0.2 0.3 1.6
243Cm 11—-16 0.1 2.6 0.1 0.3 0.6 0.3 0.5 2.7
24Cm 9.3-10 0.1 2.4 0.1 0.6 0.9 1.0 0.8 3.1
25Cm 14—15 0.1 4.9 0.1 0.5 0.9 1.1 0.9 4.8
2446Cm 21—-24 0.1 2.9 0.1 0.9 1.2 1.6 1.2 4.1
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(== Comparison biases and uncertainties

Table B.6. estimated uncertainties ) on isotopic concentrations for GU3’, taking into account
the calculation bias and the experimental and calculated uncertainties. AC,,,, come from the nuclear data library
leading to the highest nuclear data uncertainty (either ENDIF/B-VIIL0, JEFF-3.3 or JENDL-4.0).

Bias AE  ACumax Bias AE  ACujax
(%) (%) (%) (%) (%) (%)
23477 [44 25 79 23577 13.0 04 3.1
23677 0.7 04 1.7 2387y 0.0 02 0.0
ZTNp ~14 38 412 238py 58 1.5 10
239py —-03 03 32 240py 322 03 45
241py ~-31 03 42 242py 400 03 87
244py —73 25 9.7 241Am  +14 1.8 5.1
242mpAy 485 55 6.6 243Am 10 18 93
2420y —6.1 3.6 1.6 243C 138 10 16
244y —11 1.8 11 2450y 86 26 17
246y 20 52 25
20gy 54 80 14 95Mo ~11 16 1.1
9T e 85 89 1.7 IR, -12 12 3.1
106 Ry —-36 14 1.9 108Rh 423 49 1.8
EzAg —-35 91 209 i;q‘ab 463 94 30
1 —17 56 6.1 30s 472 15 30
1340 -16 15 30 1350 454 15 20
137y 1.7 24 6.9 H4Ce 439 1.7 1.0
142Nq 0.5 5.0 5.3 143N +3.1 03 37
144N —04 03 24 145 1.1 03 2.0
146N —05 03 19 148N 105 03 09
150N 4 01 03 1.2 Hipm 123 9.0 26
147Gy 492 03 24 48qm 40 03 24
149Gm 496 1.0 45 150gm 456 03 15
151Gm, 4+0.1 04 12 1526m  +6.2 0.3 4.0
154gm +10 03 74 53py, —1.7 03 34
154y +6.0 19 37 155y, —83 50 24

155Gd 14 1.1 24
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(= Conclusions

* GU3 is relatively challenging due to its relocation
* GU3’ seems more trusted than GU3

* Nuclear data libraries affect the C/Es

* Nuclear data uncertainties are different based on different libraries

* The effect of fission yields is not negligible (which sampling method for the SG10
follow-up?)

* Other sources of uncertainties can be as large as the ones from nuclear data
* Not all biases can be explained by calculated uncertainties: necessity to consider many
samples in validation studies.

* Same methods applied to
— GU3: https://www.epj-n.org/articles/epjn/pdf/2021/01/epjn210012.pdf.
— GU1: https://www.sciencedirect.com/science/article/pii/S0306454921002358.
— U1: https://www.sciencedirect.com/science/article/pii/S0306454920304047.
— BM1 & BM3: https://www.epj-n.org/articles/epjn/abs/2021/01/epjn210030/epjn210030.html.
— ENRESA: https://www.epj-n.org/articles/epjn/abs/2022/01/epjn220015/epjn220015.html.
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(= Wir schaffen Wissen — heute fiir morgen
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