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ABSTRACT

For the validation of WIMSIRESE code systewy, benchmark calcidations have been perforsed
agrinst physics measurement af Walsong 2 reactor. The lattice parameters and incremenial cross
sections were generated by WIMSAECT and SHETAN respectivelv. The benchwmark calculations
hove been downe for the crificality, boron worth, reaciviiy devices, amd head frawsport svstom
tepperature cogfficient. The results have shown that the crificality is ssimegted within Tmly and
the baron worih is underestimated by O 55nlkippm. The zone comtrolier and adiuster rod warths
are in genmeral consistent with the weasurement resulis.  However, the sinudations have showa
that the prediction errors are relafively large jor the shutaff rods, mechanical contral absorber,
and moderator femperatire cogfficient.

I INTRODUCTION

For the CAMNDT core design and analvsais, a lathice code PO‘-FJDERPUFS—V(PP"‘J}I has long been
used in conjunction with a supercell code MULTICELL® However the application of FPV iz
limited to natural uwranium fuel becanse of empinca correlations implemented Therefore a
multigroup transport code WINMS-AECL® has been widely used for the advanced CANDTT fuel
development programs owing to the capahility of modelling two-dimensiona geometry and device
1zotopic diverse compositions This study performs the benchmark calculation of the CANDTT core
analysis code system coupled of WINE-AECL, SHETAN' and EFSE using physics measurement
data of Wolsong-2 reactor.”



O. CORE SIMULATION AND RESULTS

II.1 Critical Core

The crtical operating conditions of the Phase-B measurement are as foll owes:
* The average zone level of zone controller 1z 16 %4%
* The punties of codlant and moderator are 9963 and 2% Bdwtdh, respectively.
* The temperatire of cooant and moderator 13 30812 and 202 16K, respectively.
* The mechatcal control absorber 13 inserted by 530 .
* The critical boron concentration 13 2 Oppm, and the error bound 1z 0 Sppm.
The WINMSEFSP asimulation has shown that the eigenvalue of the imtial core 15 0997
which 1z 3mbk off the criticality.

0.2 Calibration of Control Device

The reactivity worth of liqud zone controller unit (ZCTN was calculated at the initial
condition. Since the ZCTT are calibrated by the boron concentration change in the moderator,
the boron reactivity coefficient was calculated In Takle 1, the boron reactivity coefficient iz
bk per ppm boron

The calibraton of the ZCTT was performed by adding the boron batch whose worth 1
about 045mlc After a batch was added, the average ZCT water level was fitted in order to
mantain criticality. The results are summanzed in Table 2 as a function of the boron batch
The averace ZCTT worth 15 compared with the measurement result in Table 2 for the typical
operating ranges. The vanation of average ZCT lewel 13 also plotted in Figure 1 and

compared with the measurement result It can be seen that the mazimum error 15 4%

The reactivity worth of indiwidual adjster rod was calculated by EFSP code for the
calibration of ADJs The calculation was independently done by the eigenwalue calculations
for individual ADJs As shown in Table 4, the difference of the reactivity worth between the
calculation and tmeasurement 15 less than 2080 The reactwity worths of ADJT banks were aso
calculated the results are shown 1n Table 2

The indwdua worth of the shutoff rod (SOE) was calculated as miven in Table & where
the mamimum error 13 -20%. The individual and bank worths of the mechanical control
absotber (BMCAY were aso cacoulated as given in Table 7 and B, respectively. Unlike the
core of ADT, the reactivity worths of S0E and WMCA are overpredicted by WINS/EFEE,



which seems to be due to the poor estimation of thermal flux in the absorber region. This
error should be a combined effect of the homogenization and the relatively large node size,

which requires further investigations.

II.3 Heat Transport Systan Temperature Codficient

For the heat transport system temperature coefficient, the moderator temperature was fized
at ~357 and the boren concentration in the moderator was 2.5ppm. The coolant and fizel
temperature were the same, and vared from 35 to 260°C. The corresponding coclant density
was calculated for DO at saturated and non-boiling condition wiath 99 84wt punty. The
varianon of heat transport system temperature coefficient 15 shown in Table 9 The heat

transport system temperature coefficient was generally consistent with the measured data

1. CONCLUSION

In general, the estimation of the reactivity device worth by WINS/EFSP prowndes a consistent
trend compared with the physics measurement results. However, the magnitude of error 13 relatively
laree compared with the worths estimated by the current CANDTT design codes PFWV/EFSF. Tt should
ke noted that the simulation by WIMSEFESE 1n this study does not include any adjustment on
the incremental cross section and EFSP mesh structure. Therefore it 15 recommended that the

homogemzation effect and the optimum mesh asze should ke studied in the near future
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Table 1. Eeactivity Change with Boren Concentration in MModerator

Boron Concentration (ppm) | Excessive Eeactivity (mk) |Boron Coefficient {mlkifppm)
£ 19432
7 11.635 7797
8 3 BAY 7766
G -3.867 7736
10 -11.566 7690
Lyg 7.1495%
* 5310 by PPV/EFSP
Table 2. Calibration of Zone Controller
o WINEEFEP MMeasured
Eeactivity ZCTT Worth
Batch | Boron(ppmm) ZCTT Level ZIZTT Levwel
{ml) (mlMo AVZL)
Change(%a) Change!%)
1 0,058 0.445 9560 10.1 0.0470
2 0.057 0.442 B.0%0 8.59 0.0547
3 0.058 0.451 7430 AL 00607
4 0.058 0.44% . 980 .54 0.0644
5 0.058 0.445 £.450 6.6 00657
6 0.058 0.445 &.050 6.15 0.0736
7 0.058 0.447 5.900 .14 0.0757
2 0.058 0.44% 5 860 5.98 0.0767
9 0.058 0.453 &.000 5.96 0.0755
10 0,058 0.445 &.000 6.37 0.0742
11 0.057 0.444 5630 612 0.079%
Total 0635 4924 73950 TIET




Table 3. Comparison of Average Zone Level Worth

AV EL{%) WIMS/EFSE Meazured Dufference(®a)
200 ~ &0 007368 mk@AVZLI007166 mlk@uAVEL 2318
200 ~ &0 006938 mlk®AVZL|0.06769 ml®uAVEL 24596

Table 4. Eeactiwity Worth of Indiwidual Adpster Eod

Auster | IMS/RESP| Measurement [Difference(®)| PPW/RFSP [Difference(%)
Talth dr avwen
1 0.199 0215 741 0232 795
2 0519 0551 584 0584 596
3 0.642 0,696 779 0726 427
4 0353 0381 732 0374 181
5 0.644 0703 545 0727 335
6 0513 0553 729 0577 428
7 0180 0215 12,06 0235 934
7 0.220 0247 741 0265 715
9 0.66 0674 207 0726 773
10 085 0910 593 0.94 403
1 040 0518 535 0.501 ey
12 0.347 0011 704 0.943 350
13 0657 0723 507 0717 076
14 0,225 0284 20,87 0267 6.1z
15 0.194 0216 10,19 0232 741
16 0514 0.520 .06 0577 11.07
17 0.644 0.700 793 0731 451
15 0,350 0370 543 0374 1.06
19 0.644 0.709 919 0727 251
20 0510 0572 10.85 0577 0.87
21 0187 0219 1457 0232 599
Total 10.06 10,851 754 11264 352




Table 5. Eeactivity Worth of Adjuster Bank

LAduster Banle| ADJT rod Difference Difference
WINSEFSP | Measurement PPVIEFSE
“Withdrawn Mumber (%) (%)
1 1,7,11,15,21 1.236 1.36 -9.12 1.38 1.47
2 2,6,18 1.39% 1.53 -8.56 1.53 0
3 416,20 1.387 1.51 -8.15 1.52 0.66
4 8,9,13,14 2.021 2.33 -13.26 2.27 -2.58
5 3,14 1.5 1.77 -15.25 1.69 452
6 5,17 1.524 1.79 -14. 86 1.71 447
7 10,12 2703 337 -19.7% 302 -10.3%9
Total 11.77 12,66 -13.84 12,12 -3.85
Table & Eeactiwity Worth of Individual Shutoftf Eod
SOE inserted [WINMSEFSP [Measurement [Difference %) PPWV/EFSP |Difference(%n)
1 1.32 1.292 2.14 1.288 -0.34
2 1.652 1.601 321 1.635 2.15
3 1.656 1.598 3.60 1.634 2.23
4 1.31% 1.310 0.66 1.284 -2.02
5 1.032 0913 12.04 0964 5.59
6 2. 284 1.891 2076 2173 14 8%
7 2.281 1.957 16.58 2.157 10.24
2t 1.033 0.980 545 0.954 -2.57
8 1.577 1.313 2011 1.495 1287
10 2 607 2. 266 15.06 2497 10.20
11 2703 2.398 1272 2.567 7.049
12 2.602 2.321 12.0% 2.483 6.97
13 1.56% 1.396 12.44 1.479 5.99
14 1.528 1.314 16,25 1.476 12.30
15 1.524 1421 723 1.463 2.94
16 1.573 1.572 0.01 1.497 -4 .82
17 2 602 2.210 17,74 2.493 12 80
18 2701 2.363 14.25 2,567 8.62
19 2 602 2.334 11.51 2.484 6.45
200 1.567 1.382 1235 1.481 713
21 1.034 0.906 14 16 0.957 5.66
22 2.281 1.846 23.54 2. 161 17.04
23 2.275 1.946 16.92 2. 161 11.06
24 1.02% 1.008 2.05 0.952 -5.59
20 1316 1.264 412 1.29 2 06
26 1.647 1.593 341 1.635 2.66
27 1.648 1.631 1.06 1.632 0.074
28 1.30% 1.351 -3.14 1.283 -5.06
Total 50,271 45,378 10,78 48.142 6,09




Table 7. Reactivity Worth of Individual Mechanical Control Absorber

WCA rod
WINEEFSF MMeasurement|Difference%)| FPVIEFSF |Difference(%o)
Inzerted
1 2. 148 1.885 1298 2.08 10.37
2 2.151 1.944 10.65 2065 f.22
3 2.154 1.876 14 54 2.075 10,63
4 2.142 2.009 6.61 2.065 278
Total 25595 7715 11,43 8285 741
Table 8 Eeactivity Worth of Mechanical Control Absorber Bank
WCA Eank Inserted| WINS/EFSP |Measurement [Difference(®)| FPVIEFSP [Difference(%h)
1 (MICA#T, #4) 5.813 4.85 19.86 5437 12.10
2 (WAL #3) 582 473 23.04 5436 14.23
Total 11,633 8,58 21.43 10,873 13.50

Table 9. Vanation of Eeactwity due to Heat Transport System Temperature

Coolant Temp. (C) | WIMSEFSP(mk) Measured Difference (%)
35.25 0 - -
50.06 -0.80% -0.890 -5.0%
&4 87 0761 0,738 312
7952 -0.73% 0733 0.82
96,85 0818 0738 10.84
110.84 -0.624 -0.674 -7.41
12553 -0.627 0725 -13.52
14082 -0.623 -0.597 4.38
15526 -0.537 0,537 -0.02
174.14 -0.636 -0.576 1042
18721 -0.443 -0.487 -3.09
19578 -0.393 -0.339 15.89
215.04 -0.433 0,408 .25
230.07 -0.358 -0.307 16.45
24509 -0.28% -0.254 1371
25984 -0.21% -0.200 941
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Figure 1. Calibration of Zoene Controller
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