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Benchmark Calculations of WIMS/ MULTICELL)/ RFSP Code
Using Phase-B Physics Test at Wolsong Unit 4.
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ABSTRACT

The validation of the WIMS-AECL lattice code were performed with the results of the
Phase-B physics test at Wolsong unit 4 in order to use a physics design code of CANDU
reactor. The calculations were carried out for critical boron concentration, boron worth,
calibration of liquid zone level, reactivity worths of various control devices, heat transport
temperature reactivity coefficient and moderator temperature reactivity coefficient, and flux
scan. Reactivity of AVZL (Average Zone Level) of Wolsong unit 4 has relatively small value

compared with those of Wolsong units 2 and 3. All reactivity worths of reactor control



devices of Wolsong unit 4 were estimated to be relatively lower values compared with those
of Wolsong units 2 and 3. Since reactivity of AVZL affects all reactor control devices worths,
the discrepancy between measured and calculated values of the moderator temperature
reactivity coefficients is especially large for all temperature range. But the discrepancy of the
moderator temperature reactivity coefficients could be reduced by the adjustment of boron

concentration. To elaborate the causes for these differences, further studies need to be made.
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Case # 1 : Nominal case,

Case # 2 : MCA bank # 1 50% inserted with adjusters,
Case # 3 : MCA all inserted with adjusters,

Case # 4 : Without adjuster bank # 1, 2, 3, and 4,
Case # 5 : Without all adjusters.
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1. 4
% (AVZL) 15.75
MCA#4 (%) 4455
( 1 K) 343625 / 307.5225
( I K) 34.03 / 307.19
(@% | wil%) 99.19 / 99.27
(@% | wil%) 99.81 / 99.82897
10E- 11 FP
(ppm) 9.237
2. M CA
M CA M CA (100%) M CA
(cm) (cm) (cm) (ppm)
2927759
(44.55%) 8.3537
657.185
3256352 83338
(49.55%) '
M CA 298.5808
(44.55%) 8.3492
- LOWER Y (-561.50) 670.215 3320915
- UPPER Y (- 2150) (4955%) 8.3305
24057
(44.55%) 8.3867
540
26157 83697
(49.55%) '
M CA 657.185 (33955?53022) 8.3350
- LOWER Y (-534.66) 332' 0915
- UPPER Y (-20.31) 670.215 (4955%) 8.3306
3.
2 3 4
Boron Reactivity WIM S-AECL/RFSP 8.225 8.172 8.207
Worth (mk/ppm) PPV/RFSP 8.310 8.290 8.288
Critical Boron WIM S-AECL/RFSP 8.504 8.303 8.334
Concentration (ppm) M easurement 9.000 8.930 9.237
Critical Boron Concentration Error (%) -551 -7.02 -9.8

Error = (WIMS-AECL/RFSP—M easurement)/M easurementx 100




2 3 4

AVZL WIMS | Msm. | Error | WIMS| Msm. | Error | WIMS | Msm. | Error
(MK %)| (ki %)| (%) | (ki %)| (kI %) (%) | (mki %) (mk/%)| (%)

20% 60% |0.07872|0.07139| 10.27 |0.07764|0.07282| 6.62 - - -

20% 70% - - - - - - 0.07604 | 0.06745| 12.72

20% 80% |0.07252|0.06702| 8.21 |0.07323|0.06894| 6.22 |0.07313|0.06430| 13.73

Msm = Measurement, WIMS = WIMS-AECL/RFSP, Error = (WIMS-Msm)/Msmx 100

5.
WIMS-AECL/RFSP (mk) PPV/RFSP (mk)
Number
(%) (%)

ADJ #1 0.230 0.197 16.60 0.255 0.203 10.87
ADJ #2 0.564 0516 9.34 0.579 0532 8.83
ADJ #3 0.696 0.680 2.30 0.728 0.702 367
ADJ #4 0.356 0.376 -5.24 0.372 0.387 -390
ADJ #5 0.688 0.686 0.26 0.724 0.708 223
ADJ #6 0.558 0552 1.03 0.580 0.569 185
ADJ #7 0.228 0.225 1.15 0.235 0.232 135
ADJ #8 0.266 0.236 1291 0.266 0.242 9.75
ADJ #9 0.710 0.628 12.98 0.715 0.649 10.24
ADJ #10 0.908 0.844 752 0.942 0.872 8.03
ADJ #11 0.493 0517 -4.70 0.429 0534 -7.79
ADJ #12 0.910 0.874 4.09 0.929 0.902 2.95
ADJ #13 0.704 0.687 2.54 0.712 0.708 051
ADJ #14 0.263 0.260 111 0.261 0.268 -250
ADJ #15 0.226 0.203 1131 0.230 0.209 10.12
ADJ #16 0.559 0.499 12.00 0.576 0515 11.89
ADJ #17 0.688 0.662 3.92 0.723 0.683 5.79
ADJ #18 0.358 0.366 -2.26 0.367 0.378 -2.80
ADJ #19 0.691 0.684 0.98 0.724 0.706 249
ADJ #20 0.554 0.559 -0.87 0.581 0576 0.79
ADJ #21 0.226 0.224 0.82 0.230 0.231 -0.28

T otal 10.733 10.478 2.44 11.191 10.807 355

1 40% AVZL

(%) = ( - ) x 100



6.

WIMS-AECL/RFSP (mk) PPV/RFSP (mk)
Number
(%) (%)
ADJ B #1 1.368 1.316 397 1.380 1.354 1.89
ADJ B #2 1.408 1.379 2.08 1460 1420 281
ADJ B #3 1412 1.389 164 1.466 1431 2.48
ADJ B #4 1.977 1.788 10.55 1.952 1.922 1.56
ADJ B #5 1.345 1.301 3.37 1.405 1341 4,74
ADJ B #6 1.345 1.334 0.80 1403 1.375 2.00
ADJ B #7 1.879 1.799 442 1.896 1.849 258
T otal 10.734 10.307 4.14 10.962 10.692 252
: 50% AVZL
7.
WIMS-AECL/RFSP (mk) PPV/RFSP (mk)
Number
(%) (%)
MCA #1 2.124 1.744 21.80 2.081 1.792 16.15
MCA #2 2112 1871 12.87 2.068 1921 7.65
MCA #3 2.122 1.712 2392 2.079 1.759 18.21
MCA #4 2.107 1.863 13.12 2.069 1912 8.19
T otal 8.465 7.190 17.74 8.297 7.384 12.37
8.
WIMS-AECL/RFSP (mk) PPV/RFSP (mk)
Number
(%) (%)
MCA B #1 5.741 4.613 24.46 5.387 4.694 14.76
MCA B #2 5.746 4.506 2751 5.391 4594 17.35
T otal 11.487 9.119 2597 10.778 9.288 16.04




9.

WIMS-AECL/RFSP (mk)

PPV/RFSP (mk)

Number
(%) (%)

SOR #1 1.301 1.143 13.79 1.289 1.174 9.77
SOR #2 1.620 1.485 9.07 1638 1527 7.27
SOR #3 1617 1.486 8.83 1637 1528 7.15
SOR #4 1.297 1.202 792 1.284 1.235 3.95
SOR #5 1.009 0.827 22.05 1.045 0.844 23.82
SOR #6 2.208 1.788 23.49 2.167 1.837 17.97
SOR #7 2.200 1.807 21.74 2.162 1.857 16.40
SOR #38 0.998 0.884 12.89 1.052 0.906 16.10
SOR #9 1.565 1.133 38.07 1.497 1.164 28.64
SOR #10 2546 2.080 2241 2497 2.134 17.00
SOR #11 2613 2.223 1756 2570 2.278 12.82
SOR #12 2531 2.209 14.60 2488 2.264 9.90
SOR #13 1550 1.303 18.99 1483 1.338 10.82
SOR #14 1534 1.182 29.78 1479 1.214 21.87
SOR #15 1521 1.342 13.33 1.464 1.379 6.16
SOR #16 1567 1.135 38.02 1502 1.166 28.81
SOR #17 2543 2.057 23.65 2495 2.111 18.21
SOR #18 2.606 2.218 17.48 2570 2274 13.04
SOR #19 2529 2.189 1553 2491 2.244 11.00
SOR #20 1550 1.286 20.54 1.482 1321 12.20
SOR #21 1.006 0.796 26.35 1.050 0814 28.97
SOR #22 2204 1.686 30.73 2.168 1.732 25.15
SOR #23 2.195 1.773 2381 2.161 1821 18.65
SOR #24 0.996 0.871 14.37 1.054 0.891 18.25
SOR #25 1.301 1.130 15.13 1.294 1.160 1155
SOR #26 1.609 1431 12.47 1.640 1470 11.56
SOR #27 1611 1472 941 1635 1512 8.130
SOR #28 1.287 1.200 7.22 1.289 1.231 4.75

T otal 49.114 41.338 18.81 48.583 42426 1451




10.

WIMS-AECL/RFSP (mk)

PPV/RFSP (mk)

HT. Temp
(%) (%)

35 (35.06)° - - - - - -

50 (50.01) - 0.866 -1.081 -19.92 -0913 -1.084 -15.74

65 (65.09) - 0.805 -0524 5352 -0.862 -0.552 56.20

80 (79.98) -0.798 - 0.669 19.27 -0.856 -0.648 32.16

95 (95.03) -0.763 -0.867 -11.96 -0.803 -0.816 -164
110 (110.01) -0.673 -0.561 20.01 -0.796 -0.597 3343
125 (124.98) -0.622 -0.505 23.06 -0.751 -0.548 36.97
140 (140.00) -0671 -0.629 6.71 -0.721 -0.579 2450
155 (154.96) -0.631 -0.864 -26.94 -0.683 -0.793 -13.90
170 (169.98) -0494 -0428 15.36 -0.644 - 0458 40.57
185 (185.03) -0.645 -0.664 -2.90 -0.601 -0.629 -441
200 (200.04) -0439 -0403 8.82 -0553 -0428 29.24
215 (215.75) -0.384 -0.353 8.80 -0.498 -0.390 2763
230 (230.04) -0.335 -0.321 432 - 0452 -0311 45.27
245 (245.00) -0.259 - 0.246 5.30 -0.381 -0.234 62.67
260 (260.07) -0.194 -0.155 25.49 -0.310 -0.140 121.10

()
11.
WIMS-AECL/RFSP (mk) PPV/RFSP (mk)
Mod. Temp
(%) (%)

75 (74.00) - - - - - -

70 (69.86) -0.055 -0.241 -77.19 -0.174 -0.175 -0.63
65 (65.81) -0.064 -0.190 -66.24 -0.171 -0.166 3.11
60 (59.29) -0.130 -0.291 -55.30 -0.191 -0.248 -22.98
55 (55.77) -0.069 -0.230 -70.05 -0.210 -0.192 9.37
50 (49.93) -0.149 -0.309 -5184 -0.213 - 0.267 -20.10
45 (45.12) -0.138 -0371 -62.77 -0.230 -0.310 -25.82
40 (39.89) -0.147 -0.286 -4853 -0.214 -0.263 -18.68
35 (35.00) -0.151 -0.280 -45.98 -0.166 -0.249 -33.33

()
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