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SUMMARY

I . Project Title
Numerical Benchmark of WIMS-D5 Against WIMS-AECL and POWDERPUFS-V

II. Objective and Importance of the Project

Since CANDU reactors have a positive void coefficient reactivity, there is an
increase in core power in the potulated event of a large LOCA. However, the
current validation of the theoretical models and computer codes are such that
errors associated with void reactivity calculations are not well defined due to a
lack of experimental data at in-reactor operating conditions and fuel burnups.
Therefore, the benchmark calculations have been performed for WIMS-D5 against
POWDERPUEFS-V(PPV) and WIMS-AECL using CANDU(CANadian Deuterium

Uranium).

II. Scope and Contents of Project

The numerical benchmark of reactor physics codes for safety analysis was
performed, which considers the effect of Void Reactivity. In this project we will
give an effort to validate the reactor physics codes for safety analysis
considering the effect of the void reactivity. For the CANDU reactors, the lattice
parameters were generated for the natural uranium based on the ENDEF/B-VI
library of WIMS-D5 and WIMS-AECL codes. The calculation results using
WIMS-D5, WIMS-AECL and POWDERPUFS-V(PPV) Codes for the CANDU

reactors were examined.

IV. Result of Project

When comparing the infinite multiplication constant, the results show that
at the beginning the prediction errors of WIMS-D5 and WIMS-AECL against
POWDERPUFS-V are 04% and 21% and at the 4000MWD/T, 2.0%, 21%,
respectively for CANDU reactors. The results shows that the values obtained
from WIMS-D5 calculation are in the agreement with from those of PPV at the
beginning whereas WIMS-AECL are in the agreement with the WIMS-AECL

results as burnup increase in the comparison of fuel/coolant/moderator

_iv_



temperature coefficients in the cooled lattice.

V. Proposal for Applications
Numerical Benchmark test results of reactor physics codes will be used for
a basic data on the safety analysis of reactor core in the PHWR(pressurized

heavy water reactor).
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g A% weight percent
9 A2 Weight percent Weight
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P
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END- E
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| — D,0 coolant

| — Pressure tube
|~ Air gap

| — Calandria tube
|~ D,0 moderator

19 3-1 CANDU-6 Az} ¢

i 3-1 CANDU-6 &A=}
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1270 B2 H ¥4 | 2.875 cm WA 4=/ %(K) 0.807859/560.0
1870 B Y 2% | 0 rad AEA 9=/ %(K) 1.085089/342.0
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A. POWDERPUFS-V €18 ©|o]H

1.0 PPV
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0.0

0.0

0.0

0.0

49.53
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0.0

0.0
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20

0.0

0.0

0.0

225.0
687.0
141.811490
0.642459
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288.0
20.0
0.9E+14
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0.0

99.89
0.680E-04
0.0

0.0
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0.0

0.0
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1.08579
152.0
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0.0
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0.0

0.0

0.0

0.0

0.0
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B. WIMS-AECL ¥ dlo|H

@wims

Title "CANDU NU CASE BY WIMS-AECL"

Cell Cluster

Sequence Pij

Scan

Nrods 37 -12

NDAS

Preout

Annulus # 1.4310 Coolant
Annulus # 2.1790 Coolant
Annulus # 2.9260 Coolant
Annulus # 3.6740 Coolant
Annulus # 4.4210 Coolant
Annulus # 5.1689 Coolant
Annulus # 5.3950 PT
Annulus # 5.6032 PT
Annulus # 6.4478 Gap
Annulus # 6.5875 CT
Annulus # 7.1002 Moder
Annulus # 7.6002 Moder
Npijan #

Polygon # 4 Moder 14.2875

*

Array 111 0 0 * central pin
Rodsub 1 1 0.430 Fuel 1
Rodsub 1 2 0.610 Fuel_1
Rodsub 1 3 0.660 Clad

Array 21 6 1.490 0 * first ring
Rodsub 2 1 0.430 Fuel 2
Rodsub 2 2 0.610 Fuel 2
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Rodsub 2 3 0.660 Clad
*
Array 3 1 12 2.875 0.261799 * second ring
Rodsub 3 1 0.430 Fuel 3
Rodsub 3 2 0.610 Fuel 3
Rodsub 3 3 0.660 Clad
Array 4 1 18 4.333 0 * outer ring
Rodsub 4 1 0.430 Fuel 4
Rodsub 4 2 0.610 Fuel 4
Rodsub 4 3 0.660 Clad
*
*Autotrack 0.05
Power 1 3255 01 1 * a nominal bundle rating
Buckling 0.412e-4 0.268e-4 0.412e-5 0.268e-5
*Buckling 2.7e-4 2.7e-4 2.7e-5 2.7e-5
Tolerance le-5
fewgroups 4 8 12 16 20 22 24 26 28 31 35 39 41 44 47 50 53 56 59 $
62 65 67 69 71 73 75 77 79 81 83 85 87 89 * 33 groups
Suppress 11111 11111 101-11 -1
*
Water Coolant 0.807859 561.00 Cool dd20=99.1
Water waterl 1.085089 342.00 Moder dd20=99.85
Material boron 1.08579 342.00 Moder b10=198.255 b11=889.899
Mixture moder waterl 1 boron 0.0 342.00 moder
Material PT 6.5041 561.00 Moder Nb93=2.58 $
Zr90pt=50.1160 Zr91pt=10.8990 Zr92pt=16.6405 Zr94pt=16.9324 Zr96pt=2.7248 $
Fe54=2.71E-03 Fe56=4.29E-02 Fe57=1.01E-03 Fe58=1.36E-04 $
Cr50=3.52E-04 Cr52=6.78E-03 Cr53=7.68E-04 Cr54=1.91E-04 $
Ni58=2.39E-03 Ni60=9.14E-04 Ni61=3.96E-05 Ni62=1.26E-04 Ni64=3.19E-05 $
B10=0.00002431
Material Gap 0.0014 342.00 Moder C=27.11 O16=72.89
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Material CT 6.4003 342.00 Moder $

Zr90ct=50.5773 Zr91ct=10.9993 Zr92ct=16.7936 Zr9%4ct=17.0882 Zr96ct=2.7498 $
Fe54=7.83E-03 Fe56=1.24E-01 Fe57=2.90E-03 Fe58=3.92E-04 $

Cr50=4.35E-03 Cr52=8.38E-02 Cr53=9.50E-03 Cr54=2.36E-03 $

Ni58=3.76E-02 Ni60=1.44E-02 Ni61=6.22E-04 Ni62=1.97E-03 Ni64=5.01E-04 $
B10=0.00005962

Material Fuel 1 10.400 960.00 Fuel O16=13.44251 U235=0.710971 $
U238=99.28362 U234=0.005408

Material Fuel 2 Fuel 1

Material Fuel 3 Fuel 1

Material Fuel 4 Fuel 1

Material Zr4 6.3918 561.00 clad $

Zr90cl=50.5634 Zr91cl=10.9963 Zr92cl=16.7890 Zr94cl=17.0835 Zr96cl=2.7491 $
Fe54=1.22E-02 Fe56=1.93E-01 Fe57=4.520E-03 Fe58=6.09E-04 $

Cr50=4.35E-03 Cr52=8.38E-02 Cr53=9.50E-03 Cr54=2.36E-03 $

Ni58=4.78E-03 Ni60=1.83E-03 Ni61=7.91E-05 Ni62=2.51E-04 Ni64=6.37E-05 $
B10=0.00005962 *Density times 0.9188

Material Clad Zr4

Mixture Endreg zr4=0.33 coolant=0.53 561.16 -cool

Write 1

POWER 1 3255 0.1 1

Begin

Benoist

Buckling 0.412e-4 0.268e-4 0.412e-5 0.268e-5
beeone 1
Leakage -6

endcap endreg 0.03089 -1 1.18 6
partition 47 89
partition 4 8 12 16 20 22 24 26 28 31 35 39 41 44 47 50 53 56 59 $
62 65 67 69 71 73 75 77 79 81 83 85 87 89 * 33 groups
Begin
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C. WIMS-D5 4= do]¥

CELL 7
SEQUENCE 4

NRODS 37 12 100 11 4
NGROUP 3 2

NMESH 34

NREGION 13 6 *16

NMATERIAL 10 4

PREOUT

<

INITIATE

ANNULUS 1 14310 10  *COOLANT
ANNULUS 2 21790 10  *COOLANT
ANNULUS 3 29260 10  *COOLANT
ANNULUS 4 36740 10 = *COOLANT
ANNULUS 5 44210 10  *COOLANT
ANNULUS 6 51689 10 *COOLANT
ANNULUS 7 53950 6 “PT
ANNULUS 8 56032 6 *PT
ANNULUS 9 64478 7 *GAP
ANNULUS 10 65875 8  *CT
ANNULUS 11 71002 9 “MODER
ANNULUS 12  7.6002 9  *MODER
POLYGON 13 4 9 14.2875
NPIJAN 13

<

ARRAY 1 1 1 1e10 0

ARRAY 2 1 6 1490 0

ARRAY 3 1 12 2875  0.261799

ARRAY 4 1 18 4333 0

RODSUB 1 1 0.430 1  *FUEL1
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RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB
RODSUB

*

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

MATERIAL

1 2 0.610 1 *FUEL1

1 3 0.660 5 *CLAD

2 1 0.430 2 *FUEL2

2 2 0.610 2 *FUEL2

2 3 0.660 5 *CLAD

3 1 0.430 3 *FUEL3

3 2 0.610 3 *FUEL3

3 3 0.660 5 *CLAD

4 1 0.430 4 *FUEL4

4 2 0.610 4 *FUEL4

4 3 0.660 5 *CLAD

1 10.400 960.16 1 6016 13.44251 $
2235 0.710971 8238 99.28362 $
234 0.005408 *FUEL1

2 1 *FUEL2

3 1 *FUEL3

4 1 *FUEL4

5 63918 561.16 2 91 981 2056 0.21 52 0.1%
58 0.007 1010 0.5962E-04 *Cladding

6 65041 34216 4 91 973126 93 258 %
2056 0.04678 52 0.008088 $
58 0.0035 1010  0.00002431  *Pressure tube

7 0.00198 34216 4 2012 2727 6016 72.73

8§ 64003 34216 4 91 98.2083 2056  0.135
52 01 58 0.555 1010 0.5962E-4 *Calandria tube

9 1.085089 342.16 4 3002 1997 6016 7988 $
3001 0.031 *Moderator

10 0.807859 561.16 3 3002 19.82 6016 79.28
3001 0.0465 *Coolant

11 2.5375 56116 3 91 32.373 2056 0.0693 $
52 0.033 58 0.00231 1010 0.1979384E-04%

3002 10.5046

6016

42.0184

- 27 -

3001 0.024645

$

$

*Gap



*

FEWGROUP 2 4 6 8 10 12 14 16 18 20 22 24 25 26 27 30 33 36 39 42 $
45 47 49 51 53 55 57 59 61 63 65 67 69

MESH 333333 111111 10

SUPPRESS 1111111111101011

POWERC 1 3255 0.1 1

BUCKLINGS 0.412E-04  0.268E-04 0.412E-05 0.268E-05

TOLERANCE 1E-05

BEGINC
THERMAL 12
*BEEONE 1

BUCKLINGS 0.412E-04  0.268E-04 *0.412E-05 0.268E-05
NOBUCKLING

DIFFUSION 2 *14 3

LEAKAGE -6

ENDCAP 11 0.03089 -1 1.18 6

PARTITION 45 69

BEGINC
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A. POWDERPUFS-V ZE=9] A4F 23}

FEof ALt Aot

Burnup Kinf(mk)  [MTC(mk/°C) [ FTC(mk/°C) | CTC(mk/°C)| VC(mk)
0 1.088 -0.074 -0.014 0.017 15.91
3.3 1.088 -0.074 -0.014 0.017 15.91
9.8 1.088 -0.074 -0.014 0.017 15.92
17.9 1.087 -0.074 -0.014 0.017 15.92
30.9 1.086 -0.074 -0.014 0.0016 15.93
50.5 1.085 -0.073 -0.014 0.017 15.92
84.6 1.084 -0.073 -0.014 0.017 15.92
133.5 1.083 -0.070 -0.013 0.018 15.81
198.6 1.083 -0.066 -0.013 0.018 15.62
328.8 1.086 -0.057 -0.012 0.020 15.16
5241 1.090 -0.044 -0.011 0.022 14.48
784.5 1.094 -0.029 -0.010 0.024 13.69
1077 .4 1.096 -0.015 -0.009 0.026 12.99
17284 1.096 0.009 -0.008 0.029 11.89
2379.4 1.090 0.029 -0.007 0.033 11.19
3030.4 1.081 0.046 -0.006 0.036 10.70
3681.4 1.070 0.062 -0.005 0.039 10.32
43324 1.058 0.078 -0.005 0.041 9.98
4983.4 1.046 0.094 -0.004 0.044 9.64
5634.4 1.033 0.109 -0.003 0.047 9.30
6285.4 1.020 0.125 -0.002 0.050 8.96
6936.4 1.008 0.141 -0.002 0.053 8.59
7587 .4 0.996 0.157 -0.001 0.055 8.22
8238.4 0.984 0.172 -0.001 0.058 7.84

* MTC: Moderator Temperature Coefficient
* FTC: Fuel temperature Coefficient

* CTC: Coolant Temperature Coefficient

* VC: Void Coefficient
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B. WIMS-AECL ZE=9] A4F 23}

Burnup Kinf(mk)  |MTC(mk/°C)[ FTC(mk/°C) [CTC(mk/°C)| VC(mk)
0 1.111 -0.044 -0.010 0.031 16.50
33 1.106 -0.045 -0.010 0.031 16.54
9.8 1.095 -0.047 -0.010 0.031 16.63
17.9 1.086 -0.048 -0.010 0.032 16.70
30.9 1.080 -0.049 -0.010 0.032 16.75
50.4 1.076 -0.050 -0.010 0.032 16.78
84.6 1.073 -0.050 -0.010 0.033 16.79
133.5 1.071 -0.049 -0.010 0.033 16.75
198.6 1.069 -0.046 -0.010 0.034 16.66
328.8 1.070 -0.041 -0.009 0.035 16.38
524.1 1.072 -0.031 -0.007 0.037 15.95
784.5 1.074 -0.021 -0.006 0.038 15.44
1077.4 1.075 -0.012 -0.005 0.040 14.99
1728.4 1.072 0.004 -0.003 0.043 14.33
2379.4 1.066 0.017 -0.002 0.046 13.98
3030.4 1.058 0.029 -0.001 0.048 13.76
3681.4 1.048 0.040 0.000 0.050 13.63
4332.4 1.038 0.050 0.001 0.053 13.51
4983 .4 1.028 0.060 0.002 0.055 13.39
5634.4 1.017 0.070 0.003 0.057 13.28
6285.4 1.006 0.080 0.004 0.059 13.15
6936.4 0.996 0.091 0.005 0.062 13.01
7587.4 0.985 0.100 0.006 0.063 12.86
8238.4 0.975 0.110 0.007 0.065 12.68

* MTIC: Moderator Temperature Coefficient
* FTC: Fuel temperature Coefficient
* CIC: Coolant Temperature Coefficient

* VC: Void Coefficient
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C. WIMS-D5 ZE=29] A4 Az

Burnup Kinf(mk)  [MTC(mk/°C)| FTC(mk/°C) | CTC(mk/°C)| VC(mk)
0 1.093 -0.065 -0.012 0.027 15.46
3.3 1.087 -0.066 -0.012 0.027 15.55
9.8 1.074 -0.069 -0.012 0.028 15.72
17.9 1.073 -0.069 -0.012 0.028 15.74
30.9 1.072 -0.069 -0.012 0.029 15.76
50.5 1.070 -0.069 -0.012 0.028 15.78
84.6 1.068 -0.068 -0.012 0.029 15.80
133.5 1.066 -0.067 -0.012 0.029 15.78
198.6 1.065 -0.065 -0.011 0.030 15.68
328.8 1.065 -0.058 -0.010 0.031 15.38
524.1 1.067 -0.048 -0.009 0.033 14.88
784.5 1.070 -0.036 -0.008 0.034 14.31
1077 .4 1.071 -0.026 -0.007 0.036 13.80
1728.4 1.068 -0.008 -0.005 0.039 13.08
2379.4 1.061 0.006 -0.004 0.042 12.72
3030.4 1.053 0.018 -0.003 0.044 12.54
3681.4 1.043 0.029 -0.002 0.047 12.44
4332.4 1.032 0.039 -0.001 0.050 12.41
4983.4 1.022 0.049 0.000 0.052 12.39
5634 .4 1.011 0.058 0.001 0.054 12.38
6285.4 1.000 0.068 0.002 0.056 12.33
6936.4 0.989 0.078 0.002 0.058 12.29
7587.4 0.979 0.087 0.003 0.060 12.26
8238.4 0.969 0.096 0.004 0.062 12.20

* MTIC: Moderator Temperature Coefficient
* FTC: Fuel temperature Coefficient
* CIC: Coolant Temperature Coefficient

* VC: Void Coefficient
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