2000 FA 8t s =53

e
-
H
A
&
2
f

2 43 ASEAC UF HELIOS16 A% 3

r

HELIOS-1.59}9] n|x

Verification of HELIOS-1.6 Against Benchmark Problems with
Plutonium Fuel and Comparison with HELIOS-1.5

MEA =Y® HELIOS 1.6%3} 7)o A& 1 Qe HELIOS 1.5%3}9] ®lul AAkS
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400pem FE=7bA] GHA Brehe A o2 YERgth

Abstract

HELIOS-1.6 with 45-group library was quaalified against the benchma”} problem with
the fuel containing plutonium such as B&W NEA WPPR Phase 1 & 2, ESADA, TCA,
PNL30-35, Saxton, IAEA CRP and IMF benchmark problem, and was compared with the
calculational result of HELIOS 1.5 with 35-group library. The infinite multiplication
factors for WPPR and IAEA CRP calculated with HELIOS-1.6 are larger 300pcm than
those calculated with HELIOS-1.5 at high burnups. However, HELIOS-1.6 underestimates
multiplication factor within the range of 400 pcm for the critical experiments such as

ESADA, PNL, TCA, Saxton containg weapon-grade plutonium.
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Notes for HELIOS System 1.5, TN36/41.16.15, Scandpower (October 1998)
F&=, “PNL30-35 Etdds A i HELIOS 2= HF,” =}
At 3] =73 (October 1999)

T

32, “Saxton EFaAT QA Ao st HELIOS 7= A=/
s&ur R3] =83 (May 2000)
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4. Release Notes for HELIOS Improved (n,xn), Treatment and Library Changes

SSP-00/204 Rev.0, Studsvik Scandpower (Feb. 2000)

5. 78

9] “a3dNAg, EFNAE 2 Inert Matrix A g )3+ HELIOS-14 AZ”

KAERITR-1259/99, 1999.

6. FE=,

=R “eEtge] e AR Ads FAHASEA WE HELIOS-14 H

HELIOS-15 3= HF)” d=dAH3] FAGaTRs =23 (May 1999)

T 1. E2FA8 AAAF] Uls HELIOS-1.5¢] HELIOS-1.6 A2+A 7 x}o]®(pem)
Expt No. B&W ESADA PNL TCA Saxton

Kege Ko Kege Koo Kege Ko Kege Ko Kege Koo

1 37 37 32 78 -14 50 | 285 | 14 | -50 | 59

2 1 60 | -216 | 14 | -210

3 102 | 20 | 220 | -2 | 193 | 13 | -145 8

4 273 | <16 | 107 | 22 | 312 | -1 | -354 | -4

5 277 | <16 | 315 | -7 | -443 | -24

6 283 | 16 | -148 | 2 | 308 | 9 | -379 | -13

7 216 | -13 354 | -27

8 27 78 297 | 27

9 244 | -14 300 | -28

10 30 81 287 | 27

11 208 | -12 296 | -28

12 249 | 25

13 256 | -24

(a) Del k = [ 1/k(HELIOS-1.5) - 1/k(HELIOS-1.6) ] x10°



i 2. IJAEA CRP EF A5 FTA A SHAS Al A3

Burnup . Korea
Russia Japan Israel
(MWD/kgHM) HELIOS-1.5 | HELIOS-1.6
0 1.1890 1.1987 1.1956 1.1869 1.1874
0.5 1.1569 1.1670 1.1643 1.1554 1.1559
20 1.0298 1.0521 1.0290 1.0257 1.0283
40 0.9147 0.9527 0.9119 0.9118 0.9138
60 0.8315 0.8657 0.8314 0.8274 0.8305
3% 3. IAEA CRP EF A= FFA A4 wS=AS: A% Az x 107)
Parameter MTC® DC® BWY
0 60 0 60 0 60
Burnup
(MWD/kg) | MWD/kg) | MWD/kg) | (MWD/kg) | (MWD/kg) | (MWD/kg)
Russia -3.50 -1.50 -0.280 -0.360 -0.380 -1.100
Japan -2.70 -0.97 -0.283 -0.378 -0.341 -0.864
Israel -3.33 -1.14 -0.290 -0.477 -0.400 -1.119
HELIOS1.5 -3.18 -1.54 -0.310 -0.406 -0.407 -1.124
Korea
HELIOS1.6 -3.18 -1.41 -0.298 -0.395 -0.407 -1.117

(a) Moderator Temperature Coefficient
(b) Doppler Coefficient

(c) Boron Worth




#4. IAEA CRP EF 9A84FA 24 9%

PN
TFEU=

ARt A3}

Number Density (atoms/barn-cm)
Isotope Burnup K
P (GWdA/T) orea Russia Japan Israel
HELIOS-1.5 |HELIOS-1.6®

0.0 2.059E-02 0.00 2.059E-02 2.059E-02 2.059E-02

0.5 2.059E-02 0.00 2.059E-02 2.059E-02 -
Th-232 20.0 2.037E-02 -0.01 2.037E-02 2.036E-02 2.037E-02
40.0 2.010E-02 -0.02 2.011E-02 2.008E-02 2.010E-02
60.0 1.977E-02 -0.04 1.977E-02 1.975E-02 1.977E-02
0.0 2.290E-05 0.00 2.290E-05 2.290E-05 2.290E-05

0.5 2.279E-05 0.00 2.279E-05 2.279E-05 -
Pu-238 20.0 1.927E-05 -0.08 1.940E-05 1.952E-05 1.937E-05
40.0 1.795E-05 -0.12 1.834E-05 1.879E-05 1.793E-05
60.0 1.632E-05 -0.14 1.687E-05 1.816E-05 1.611E-05
0.0 7.478E-04 0.00 7.478E-04 7.478E-04 7.478E-04

0.5 7.349E-04 0.00 7.349E-04 7.351E-04 -
Pu-239 20.0 3.176E-04 -0.01 3.174E-04 3.270E-04 3.147E-04
40.0 0.822E-04 0.34 0.810E-04 0.961E-04 0.773E-04
60.0 0.123E-04 1.58 0.118E-04 0.170E-04 0.105E-04
0.0 2.903E-04 0.00 2.903E-04 2.903E-04 2.903E-04

0.5 2.911E-04 0.00 2.911E-04 2.909E-04 -
Pu-240 20.0 2.835E-04 0.12 2.826E-04 2.678E-04 2.853E-04
40.0 2.008E-04 0.29 1.981E-04 1.845E-04 2.014E-04
60.0 0.875E-04 1.04 0.809E-04 0.839E-04 0.846E-04
0.0 1.534E-04 0.00 1.534E-04 1.534E-04 1.534E-04

0.5 1.540E-04 -0.01 1.540E-04 1.543E-04 -
Pu-241 20.0 1.593E-04 -0.08 1.591E-04 1.703E-04 1.578E-04
40.0 1.227E-04 0.07 1.233E-04 1.360E-04 1.214E-04
60.0 0.653E-04 0.60 0.650E-04 0.741E-04 0.639E-04
0.0 0.501E-04 0.00 0.501E-04 0.501E-04 0.501E-04

0.5 0.505E-04 0.00 0.505E-04 0.504E-04 -
Pu-242 20.0 0.722E-04 -0.04 0.709E-04 0.681E-04 0.702E-04
40.0 1.030E-04 -0.14 0.988E-04 0.925E-04 0.983E-04
60.0 1.276E-04 -0.25 1.189E-04 1.103E-04 1.194E-04

0.0 - - - - -

0.5 0.743E-06 0.71 0.732E-06 0.792E-06 -
U-233 20.0 1.545E-04 0.70 1.515E-04 1.600E-04 1.533E-04
40.0 2.657E-04 0.60 2.612E-04 2.749E-04 2.675E-04
60.0 3.183E-04 0.47 3.135E-04 3.311E-04 3.235E-04

0.0 - - - - -

0.5 0.158E-07 0.43 0.236E-07 0.252E-07 -
U-234 20.0 0.817E-05 0.51 0.857E-05 0.971E-05 0.791E-05
40.0 2.557E-05 1.26 2.668E-05 2.886E-05 2.529E-05
60.0 4.940E-05 2.37 5.320E-05 5.432E-05 5.045E-05

(a) HELIOS-1.5¢] tf &t Z3uj ]




#5. IMF 194 &4 %

SkZHj Al Bl 2l

Participants WG-1 RG-1 WG-2 RG-2 RG-3 RG-4
CEA 1.6157 1.4511 1.4123 1.2628 1.1001 1.1111
ECN 1.6178 1.4521 1.4131(?) 1.2628(?) 1.0979 1.1071
At BOL JAERI 1.6232 1.4504 1.4245 1.2665 1.1092 1.1101
(0 EFPD) POLIMI 1.6138 1.4373 1.4082 1.2499 - -
PsI 1.6263 1.4615 1.4187 1.2682 1.1085 1.1151
HELIOS-1.5 1.6130 1.4434 1.4085 1.2546 1.0977 1.1029
HELIOS-1.6 1.6144 1.4443 1.4094 1.2553 1.1000 1.1030
CEA 1.0075 0.7937 1.0863 0.9999 0.8922 0.9460
ECN 1.0282 0.8170 1.1305(?) 1.0427(?) 0.9103 0.9579
At EOL JAERI 1.0337 0.8152 1.0938 0.9954 0.9168 0.9541
(1200 EFPD) POLIMI 1.0205 0.8391 1.0842 0.9872 - -
PSI 1.0296 0.8099 1.0894 0.9936 0.8981 0.9496
HELIOS-1.5 1.0225 0.8078 1.0844 0.9905 0.8934 0.9396
HELIOS-1.6 1.0222 0.8068 1.0860 0.9922 0.8927 0.9394
i 6. IMF 287 24| F3SujAS vl
Participants | UO,-RG1 | UO»-WG1 | UO»-RG2 | UO,-RG3 | UO,-RG4 | UO-RG5 | UO-WG5
CEA 1.4159 1.4257 1.4047 1.3878 1.3774 1.3987 1.4065
ECN 1.4097 1.4197 1.3994 1.3834 1.3709 1.3937 1.4017
At BOL JAERI 1.4189 1.4297 1.4077 1.3905 1.3782 1.4015 1.4103
(0 EFPD) PSI 1.4043 1.4140 1.3935 1.3773 1.3673 1.3876 1.3952
SKODA 1.4071 1.4172 1.3967 - 1.3694 1.3910 1.3995
HELIOS-1.5 | 1.4052 1.4152 1.3938 1.3772 1.3675 1.3877 1.3958
HELIOS-1.6 | 1.4045 1.4146 1.3932 1.3769 1.3668 1.3870 1.3952
CEA 0.9046 0.9072 0.9042 0.9094 09111 0.9012 0.8971
ECN 0.9178 0.9207 0.9160 0.9223 0.9241 0.9123 0.9083
At EOL JAERI 0.9205 0.9235 0.9195 0.9258 0.9273 0.9162 0.9120
(1200 EFPD) PSI 0.9145 0.9173 0.9137 0.9189 0.9209 0.9105 0.90656
SKODA 0.9090 0.9121 0.9075 - 0.9162 0.9039 0.9004
HELIOS-1.5 | 0.9025 0.9053 0.9017 0.9073 0.9090 0.8985 0.8944
HELIOS-1.6 | 0.9071 0.9099 0.9063 0.9117 0.9134 0.9031 0.8991
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1% 2. WPPR Phase 1¢] tj3+ HELIOS-1.59} HELIOS-1.69] %-3tZu) A4 vl i
Del kinf = [ 1/k(HELIOS-1.5) - 1/k(HELIOS-1.6) | x10°
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120

e 100 #\
% % F KK\«»
2 6 o o
@ ——
£ 40 — &
a /./I/"'

20

0
0 10 20 30 40 50 60
Burnup(GWD/t)
‘ —e—Cycle 1 —®—Cycle 2 Cycle 3 Cycle 4 —%—Cycle 5 ‘
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Del kinf = [ 1/k(HELIOS-1.5) - 1/k(HELIOS-1.6) ] x10°
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