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Improvement of Axial Power Distribution Synthesis Methodology in CPC
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Abstract

The capability of axial power distribution synthesis in CPC plays an important role
in determining the DNBR and LPD trip caused by CPC. The axial power distribution is
synthesized using the cubic spline function based on the three excore detector signals.
The axial power distributions are categorized into 8 function sets and each sets are
stored as pre-calculated values in CPC to save the calculation time. In this study, the
additional function sets, the real break-point function sets and the polynomial function
are suggested to evaluate the possibility of improving the synthesis capability in CPC.
In addition, RMS errors are compared and evaluated for each synthesis method.

As a result, it was confirmed that the function sets stored in CPC were not optimal.
The analysis result showed that RMS error could be reduced by selecting the proper

function sets suggested in this study.
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# L CPCel Widd gAlE

k Shape Pump (%) A =|Prop—Psorl Function
Sets
1 Center Peak > 40 < 12 2882
2 Center Peak > 40 > 12 2873
3 Flat 34 <Pump < 40 < 25 2882
4 Flat 34 <Pump < 40 25 < A <35 2873
5 Flat 34 <Pum < 40 > 35 2837
6 Saddle < 34 < 20 2882
7 Saddle < 34 20 < A < 40 2882
8 Saddle < 34 > 40 2882
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k Set Short BOC Long BOC EOC
1 2882 15/ 65 ( 23.1%) 13/ 65 ( 20.0%) 38/ 44 ( 86.4%)
2 | 2873 25/ 90 ( 27.8%) 35/ 101 ( 34.7%) 187/ 187 (100.0%)
3 2882 | 109/ 790 ( 13.8%) 96/ 767 ( 12.5%) 17/ 109 ( 15.6%)
4 | 2873 | 124/ 150 ( 82.7%) 134/ 150 ( 89.3%) 13/ 13 (100.0%)
5 | 2837 50/ 50 (100.0%) 50/ 50 (100.0%) 117/ 117 (100.0%)
6 | 2882 0/ 0¢( %) 0/ 0« %) 4/ 238 ( 1.7%)
7 | 2882 0/ 27 ( 0.0%) 0/ 29 ( 0.0%) 18/ 168 ( 10.7%)
8 | 2882 1/ 30 ( 3.3%) 0/ 40 ( 0.0%) 29/ 326 ( 8.9%)

324/1202 ( 27.0%) 328/1202 ( 27.3%) 423/1202 ( 35.2%)
Total

1075/3606 ( 29.8%)
% 3. ROCS BEAF 41 A3 (-0.27<ASI<0.2791 74 5-)
k Set Short BOC Long BOC Long EOC
1 2882 15/ 65 ( 23.1%) 13/ 65 ( 20.0%) 38/ 44 ( 86.4%)
2 2873 22/ 63 ( 34.9%) 30/ 66 ( 45.5%) 44/ 44 (100.0%)
3 2882 89/ 736 ( 12.1%) 78/ 724 ( 10.8%) 15/ 104 ( 14.4%)
4 2873 0/ 0 ( %) 0/ 0 ( %) 0/ 0 ( %)
5 2837 0/ 0« %) 0/ 0¢( %) 0/ 0¢( %)
6 2882 0/ 0 ( %) 0/ 0 ( %) 4/ 238 (1 1.7%)
7 2882 0/ 0 ( %) 0/ 0 ( %) 4/ 44 ( 9.1%)
8 2882 0/ 0 ( %) 0/ 0¢( %) 0/ 0 ( %)
126/ 864 ( 14.6%) 121/ 855 ( 14.2%) 105/ 474 ( 22.2%)
Total

352/2193 ( 16.1%)




¥ 4. ROCS EA}

B4 Ay - HA FFAES RMS 22k 714 (Short BOC)

k CSP;tC KDIR Best Set | Best / Case RMS 2= (%)
1 2882 -1 3782 15/ 41 2178 = 2.25
2873 1 2882 1/ 1 6.60 = 1.44
2 3782 -1 2882 11/ 89 2.66 = 1.63
3782 -1 3872 13/ 89 2.28 = 2.06
2882 1 3773 6/455 434 = 4.10
2882 -1 2873 5/335 255 = 2.09
3 2882 -1 3782 33/335 3.74 = 2.36
2882 -1 2783 3/335 241 = 2.04
2882 -1 3872 62/335 265 = 1.90
2873 1 2882 112/119 501 = 2.27
3782 -1 2882 1/ 31 3.31 = 142
4 2873 1 3773 7/119 5.39 = 3.83
3782 -1 3872 4/ 31 250 = 2.48
. 2837 1 2882 47/ 50 29.88 = 2.67
2837 1 3773 3/ 50 29.69 = 3.86
8 2882 1 3773 1/ 30 3.89 = 3.83

5. ROCS EAF B4 Azt - HH stF=AE9 RMS 23 714 (Long BOC)

K CSF; f KDIR Bseestt Best / Case RMS ©.%H(%)
1 2882 ] 3782 13/ 45 270 = 2.32
2873 1 2882 1 664 = 154
2 3782 3 2882 20/100 269 > 1.74
3782 1 3872 14/100 246 = 2.23
2882 1 3773 3/442 449 © 427
2882 1 2873 8/325 275 = 2.29
3 2882 q 3782 21/325 380 = 261
2882 1 2783 3/325 241 = 2.13
2882 1 3872 61/325 269 = 2.05
2873 1 2882 | 111/114 507 & 2.5
) 3782 1 2882 4/ 36 354 = 1.36
2873 1 3773 3/114 558 = 3.90
3782 1 3872 16/ 36 274 & 2.69
5 2837 1 2882 50/ 50 29.95 = 2.46




# 6. ROCS BEAF 4 2y - HA A E RMS 24k 714 (EOC)

%if KDIR Bsit Best / Case RMS 2.3} (%)
2882 1 2864 3/ 27 7.18 = 490
2882 1 2873 1/ 27 432 = 410
2882 1 2837 92/ 27 760 = 3.33
2882 1 paly 12/ 17 800 = 558
2873 1 2882 1/ 8 794 © 368
3782 1 2882 1/179 512 <> 328
2873 1 4664 3/ 8 947 > 745
3782 1 9864 | 111/179 695 = 3.15
3782 1 2837 67/179 741 & 371
2873 1 poly 4/ 8 9.05 = 6.14
2882 1 3773 3/ 55 656 = 621
2882 1 4664 1/ 5 1048 = 845
2882 1 2364 1/ 54 469 = 398
2882 1 2873 2/ 54 448 > 426
2882 1 poly 10/ 55 8.17 = 6.10
2873 1 2882 8 8 644 o> 443
3782 1 2882 4 5 6.11 2 2.86
3782 1 2837 1/ 5 561 = 2.03
2837 1 2882 6/ 6 3058 = 4.10
7382 1 2882 /111 3439 = 257
7382 1 2882 75/111 3735 = 2.99
7382 1 2882 35/111 3551 = 3.09
2882 1 2783 4/ 96 557 = 5.22
2882 1 2783 16/ 73 542 <> 5.03
2882 1 2648 2/ 73 718 = 545
2882 1 2783 23/ 34 577 = 5.19
2882 1 2648 6/ 34 7.01 = 551
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RMS Error (%)
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RMS Error (%)
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RMS Error (%)
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