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Abstract

Core follow calculation of Yonggwang (YGN) Unit 4 Cycle 5 is performed to evaluate SPNOVA code if it
can be applicable or not to Korean Standard Nuclear Power Plant (KSNP). SPNOVA code consists of
BEPREPN and ANC code to represent incore detector and neutronics model, repectively. SPNOVA core
depletion  model is compared and verified with ANC depletion results in terms of critical boron
concentration(CBC), peaking factor (Fq) and radial power distribution . In YGN4, SPNOVA predicts 30 ppm
lower than that of ROCS predicting CBC. Fq and radial power distribution behavior of SPNOVA calculation
have conservatively higher than those of ROCS predicting values. And also SPNOVA predicting results are
compared with measurement data from Snapshot and CECOR core calculation. It is reasonable to accept
SPNOVA to analyze KSNP. The model of SPNOVA for KSNP will be used to develop the brand-new incore

detector of Platinum and Vanadium.
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<# 1> As-built Enrichment for YGN 4 Cycle 5

ENRI # OF ASSYS LOADING [MTU]

Bl 2.3572/1.2976 1 0.43107
EO 4.1145/3.5894 8 3.44613
E1l 4.1040/3.5878 4 1.72524
E2 3.5979/3.1178 - -

FO 4.1088/3.6161 12 5.18694
Fl 4.1016/3.6154 16 6.88111
F2 : 4.1013/3.6149 24 10.32059
GO 4.0746/3.6004 16 6.89165
Gl 4.0691/3.5889 8 3.44240
G2 4.0777/3.5755 32 13.73917
HO 4.4971/4.0118 16 6.87066
H1 4.5052/4.0081 8 3.42362
H2 4.5015/4.0116 32 13.70250

Total 177 76.06108



<# 2> SPNOVA Sample Acceptance Check List

Quantity Criteria

Assembly Average Power +/- 1.0% relative to ANC if Pavg > 1.0
+/- 0.01 relative to ANC if Pavg < 1.0
Assembly Peak to Average Power +2.5%/-0.5 relative to ANC if Pavg > 1.0

Critical Boron versus burnup +/- 4ppm, +/-2.29E-2(g/kg boron)
A/O fraction versus burnup +/- 1.0 %
BA fraction versus burnup +/- 0.015 difference
Total rod worth +/- 2.0% per bank
+/- 1.0% total (more than one bank)

<¥ 3> ANCS} SPNOVAS] A BA¥E, Fgzt vl

CBC(ppm) Fq
ANC | SPNOVA | ANC-SP | ANC | SPNOVA (A}E\%P)
0 1503 1503 0 1827 1.831 0.2%
50 1173 1173 0 1714 1720 0.4%
500 109 109 1 1718 1723 0.3%
1000 1044 1043 1 1695 1702 0.4%
2000 968 967 1 1678 1.634 0.4%
3000 893 892 1 1665 1672 0.4%
4000 818 818 0 1.669 1672 0.2%
5000 748 747 1 1678 1679 0.1%
6000 632 631 1 1693 1707 0.8%
7000 620 620 0 1710 1712 0.1%
8000 561 560 1 1719 1738 11%
9000 496 496 0 1709 1710 0.1%
10000 420 420 0 1676 1634 0.5%
11000 336 336 0 1637 1.645 05%
12000 247 247 0 1614 1629 0.9%
13000 158 158 0 1.600 1613 0.8%
14000 69 69 0 1590 1.602 0.8%
14770 2 1 1 154 1.605 13%
Avg.
04 0.49%
Error




<¥ 4> SPNOVA$} ROCS dAEA%E v

ROCS-
Burnup | SPNOVA | ROCS
SPNOVA

50 1173 1135 -38
500 1095 1086 -9
1000 1043 1047 4
2000 967 981 14
3000 892 911 19
4000 818 341 23
5000 747 774 27
6000 681 710 29
7000 620 651 31
8000 560 592 32
9000 496 522 26
10000 420 444 24
11000 336 354 18
12000 247 263 16
13000 158 171 13
14000 69 80 11
14770 1 10 9

<% 5> SPNOVA¢ ROCS HF &9 (Fq)3 vlx

(ROCS-SPNOVA)
Burnup SPNOVA ROCS
/ROCS
50 1.720 1.7299 1%
500 1.723 1.7093 -1%
1000 1.702 1.7024 0%
2000 1.684 1.6771 0%
3000 1.672 1.6530 -1%
4000 1.672 1.6334 -2%
5000 1.679 1.6362 -3%
6000 1.707 1.6497 -3%
7000 1.712 1.6685 -3%
3000 1.738 1.6832 -3%
9000 1.710 1.6834 -2%
10000 1.684 1.6921 0%
11000 1.645 1.6881 3%
12000 1.629 1.6732 3%
13000 1.613 1.6626 3%
14000 1.602 1.6516 3%
14770 1.605 1.6412 2%




<E 6> 9343 7] 557] Snapshot
NO DATE TIVE | POWER | BURNUP| BORON ASl TIN(F) |EFF.FLRATH EFPH | SNAPSHOT] % INSERTION FROM TOP OF CORE |
(%) [MW\VDMTY _ (PPM) (%) FILE NAVE | BANKF] BANK5] BANKA] BANK3] BANK2] BANK1 BANKA

1 4/19/00 | 10:06:11 9.7 537.2 1089 0.015 564.3 108.5 3.50E+02| Z28604BC| O 0 0 0 0 0 0 0
2 54/00 | 13.4643| 9.7 1094.2 1044 -0.009 564.1 108.1 712E402] Z2286F675 | 0.5 0.5 0.5 0.5 05 0.5 05 0.5
3 52500 | 10:0048| 9.6 18584 998 -0.002 564.1 1084 1.21E+03| Z28844B1| 0.5 0.5 0.5 0.5 05 0.5 05 0.5
4 6/4/00 | 21:57:03 0.7 2244.2 968 0.004 564.2 107.6 1.46E+03| Z288EAAA 1 1 1 1 1 1.1 1 1
5 6/19000 | 10:01:03] 996 2776.9 931 0.005 564.3 107.9 1.81E+03| 2289D4B2 1 1 1 1 1 1.1 1 1
6 7/4/00 | 10.09.00| 9.7 3328.1 915 0.013 564.3 1074 2.17E+03| Z28acAct 0.5 2 14 15 15 15 15 15
7 711900 | 13:3954| 997 3884.7 875 0.023 564.0 107.7 | 253E+03] Z28BB667 [ 0.9 2.2 1.7 1.7 1.6 1.6 1.8 1.8
8 8/3/00 | 10.0047| 9.7 4430.2 833 0.019 564.1 1074 2.88E+H03| Z28CA4B1| 0.9 22 1.7 17 1.6 1.6 1.8 1.8
9 81800 | 13:30.08| 996 4986.5 79 0.021 564.2 107.8 3.25E+03| 22809654 | 1.5 15 15 15 15 15 15 15
10 9/18/00 | 10:0045| 99.8 6119.5 724 0.018 564.3 108 3.98E+03| Z228F84B1| 1.2 1 1 1 1 1.1 1 1
11 11/17/00 | 10:00:41 996 83235 597 0.028 564.2 107.7 542E+03| 229344B1 0 0 0 0 0 0 0 0
12 | 12/17/00] 10:00:27 | 9.6 9424.8 519 0.020 564.3 107.9 | 6.14E+03] Z229524B0 [ 0.5 0.5 0.5 0.5 05 0.5 05 0.5
13 2/20/01 | 10:0043| 999 11812 315 0.025 564.4 107.5 7.69E+03| 229934b1 | 31 4 29 3 3 3 31 3
14 3/22/01 | 10:00:51 0.7 129144 198 0.024 564.2 1074 841E+03| Z2%14b1 6 2 2 2 2 2 2 2
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<29 1> Locations of Incore Detectors




F71% (50 MWD/MTU)

Z71 (14,770 MWD/MTU)

1G0 2 Ho 3G2 1Go 2 HO 3G2
ROCS 0.607 0.894 0.690 ROCS 0.643 0.914 0.746
SPNOVA 0.612 0.913 0.715 SPNOVA 0.623 0.901 0.746
% ERROR —1% —2% —4% % ERROR 3%| 1% 0%

4 G2 5HO 6 H1 7F2 8 H2 4 G2 5HO 6 H1 7TF2 8 H2

0.487 1.046 1.189 0.961 1.163 0.498 0.963 1.199 1.000 1.310
0.485 1.037 1.187 0.975 1.185] 0.499 0.954 1171 0.995 1.281
0% 1% 0% -1% —2%) 0%! 1%) 2%)| 0% 2%

9 E1 10 GO 111Gl 12F2 13 H2 14 F2 9 E1 10 GO Gt 12F2 183 H2 14 F2
0.408 0.996 1.118 0.909 1.233 0.896 0.443 0.946 1.024 0.909 1.837 0.967
0.407 0.959 1.087 0.908 1.247 0.925 0.440 0.927 1.022 0.919 1.321 0.982
0% 4% 3% 0% —1% —3% 1% 2%! 0% —1% 1% —2%

15 G2 16 GO 17 H2 18 FO 19 G2 20 F1 21 FO 15 G2 16 GO 17 H2 18 FO 19 G2 20 F1 21 FO
0.486 0.994 1.298 1.083 1.079 1.060 0.964 0.497 0.945 1.295 1.028 1.036 1.085 0.984
0.486 0.959 1.267 1.063 1.066 1.068 0.989 0.499 0.927 1.271 1.085 1.047 1.072 1.016
0%! 4% 2% 2% 1% —1% —3% 0% 2% 2%! —1%]| —1% —2% —3%

22 HO 23 G1 24 FO 25 H2 26 E 27 H2 28 F2 22 HO 23 G1 24 FO 25 H2 26 E 27 H2 28 F2
1.045 1.117 1.083 1.288 0.940 1.261 1.005 0.962 1.023 1.027 1.319 0.942 1.822 1.017
1.038 1.089 1.064 1.279 0.942 1.274 1.0156 0.954 1.022 1.035 1.313 0.965 1.320 1.08
1% 3% 2% 1% 0% 1% —1%| 1% 0% —1%! 0% —2% 0% 1%

29 GO 30 H1 31 F2 32 G2 33E 34 G2 35F1 36 H2 29 GO 30 H1 31 F2 32 G2 33E 34 G2 35F1 36 H2
0.607 1.189 0.911 1.083 0.942 1.067 0.948 1.302 0.642 1.198 0.909 1.037 0.942 1.030 0.938 1.328
0.613 1.19 0.914 1.069 0.943 1.065 0.962 1.315 0.623 117 0.922 1.047 0.965 1.050 0.960 1.325
—1%! 0%! 0% 1% 0% 0% —1% —1% 3% 2% —1%! —1%! —2%]| —2%| —2% 0%

37 HO 38 F2 39 H2 40 F1 41 H2 42 F1 43 G2 44 G2 37 HO 38 F2 39 H2 40F1 41 H2 42 F1 43 G2 44 G2
0.893 0.961 1.238 1.067 1.266 0.948 1.138 1.155 0.913 0.999 1.338 1.058 1.324 0.937 1.042 1.043
0.914 0.976 1.251 1.074 1.277 0.962 1.130 1.147 0.901 0.995 1.822 1.074 1.321 0.960 1.056 1.060
—2%! —2%! —1%! —1%! —1% —2% 1% 1% 1% 0% 1% —2%! 0% —2%| —1% —2%

45 G2 46 H2 47 F2 48 FO 49 F2 50 H2 51 G2 52 B1 45 G2 46 H2 47 F2 48 FO 49 F2 50 H2 51 G2 52 B1
0.690 1.164 0.902 1.003 1.008 1.308 1.158 0.840 0.746] 1.310 0.970 1.016 1.019 1.329 1.046 0.817
0.715 1.185 0.925 0.989 1.015 1.315 1.147 0.833 0.746 1.281 0.982 1.016 1.030 1.325 1.060 0.846
—4%! —2%! —3% 1% —1% 1% 1% 1% 0% 2% —1%! 0%! —1%] 0% —1% —4%
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