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ABSTRACT

Dynamic rod worth measurement (DRWM™) methodology commercialized by
Westinghouse Co. was successfully applied to many nuclear power plants in USA to
measure the control rod worth at Low Power Physics Tests. But in KOREA, to increase the
nuclear power plant economy using more quick and sophisticated reactivity measurement
methodology without the change of boron concentration, KEPRI has developed Dynamic
Control rod Reactivity Measurement (DCRM™) methodology that was the results of a
cooperative work with KAERI except the development of core analysis codes. And KAERI
recently published the preliminary results for 4 control rod worths using their own inverse
kinetics code and measured detector signals. The object of this paper is to show some
DCRM results for the same measured data using KEPRI tools, RAST-K & INVERSE, and
introduce DCRM system that could measure top and bottom detector signals fully digitally.
As a result, background and noises signals at the region of low signal strength were very
important to determine the rod worth. But for now, because there was no numerical model
to describe the behavior of background signals, a method reflecting the characteristics of
dynamic reactivity was suggested. And for noise, traditional data averaging technique was
adopted. Each static worth of 8 control assemblies well agreed with those of NDR within
15%, the requirement of Tech. Spec.
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1

BEE M und Hol L, ¥ [1L AojBo] 3 AN B¢E LT F 187) A o] 20 )3
AN ZEET 0 ¢} k-eff g+ HmE Aotk DCRM™ME 7|EAo= 817 =2 4
node/assembly £ 3tk A4+ A28 7)8 4= )3 NESTLEO| L} 7|E} 3§47 AAFE=S0] §&
ARl =EA7|Z ARSI QLS Mot SR F Y =4 o 220] = 12-finger A o] % ThES 31
&17] 213 A o]t
I [1] A3 via 23 WHE 4 LOOP 27)) =4
A o 2} Core Model A

ARO |Bank1l | Bank2 | Bank3 | Bank 4 | Bank 5 | Bank 6 | Bank 7 | Bank 8

RMSFA Power| 0.000| 0.000( 0.000| 0.000| 0.000| 0.000( 0.000| 0.000| 0.000

Max FA Power | 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001

keff (pcm) 1.2 15 0.4 1.2 15 16 1.6 1.9 17

; Core Model B
A o4}
ARO | Bank1l | Bank?2 | Bank3 | Bank 4 | Bank 5 | Bank 6 | Bank 7 | Bank 8

RMS FA Power| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

Max. FA Power| 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001

keff (pcm) 0.3 1.0 11 1.2 1.2 1.4 11 16 16

373748 A4kl NESTLE 4t =9} vlaste] FgatA ALtE AeS dlstar, Zh Aloj e,
A o] B Z=ulak 9] ¥ DRCF, DSCFE-S RAST-INVERSE Z=A| A& A& 5 A4 ZAHAARE o]

g&to] AF w3 7LS AAbstg ok Blal th ke NESTLE-RAMBO A Al & o] &-3}o] 912 18
N AA AolsoZ i [2]7} o] A 8.9F ¢ Zlo]th. RAMBO[9]+= EPRC7} 7]t k8- = 3)) 4]
2 2% AAES Atehe Atz =oth vlal A3} 187) Ao E5Fo tl3le] EPRC A4t 2L &
o} & A=z 5 o]Z X E] RAST-

g ow oolzt FHXAL BT wEdn Jes 2 4 IAdh
INVERSE A2+2.= 717} 448 AL Ae< 408 5 AT



F[2] =4 = A, B B3t 187] Aol & d S A Alo] &-7F vl

NESTLE-RAMBO RAST-INVERSE
M p M-P Error M p M-P Error

Bank 1 283.8 301.5 -17.7| -5.80% 285.5 300.5 -15| -5.00%

Bank 2 648.7 651.9 -3.2| -0.50% 650.5 649.6 09| 0.10%

Bank 3 695.4 746.9 -51.5| -6.90% 694.7 746.2 -51.5| -6.90%

Core | Bank4 580 566.8 13.2| 2.30% 583.9 565.1 18.8| 3.30%
Model Bank 5 257.7 261.8 -4.1| -1.60% 259.8 259.6 0.2 0.10%
Bank 6 982| 1006.3 -24.3| -2.40% 980.3| 1004.6 -24.3| -2.40%

A Bank 7 460.9 451.2 9.7 2.20% 464.9 449 159 3.50%
Bank 8 451 451 0.0 0.00% 453.6 448.8 48| 1.10%

Bank 9 504.4 526.3 -21.9| -4.20% 506.9 525.1 -18.2| -3.50%

SUM 4863.9| 4963.7 -99.8| -2.00%| 4880.1| 49485 -68.4| -1.40%

Bank 1 397.6 409.5 -11.9] -2.90% 401 411.5 -10.5| -2.60%

Bank 2 586 576.2 9.8 1.70% 593.5 577.7 158 2.70%

Bank 3 925 954 -29| -3.00% 928.2 956 -27.8| -2.90%

Core | Bank4 548.8 533.3 155 2.90% 553.2 535.1 18.1| 3.40%
Model Bank 5 201.8 198.5 33| 1.70% 206.9 200.3 6.6 3.30%
Bank 6 825.6 835.3 -9.7| -1.20% 833.2 836.8 -3.6| -0.40%

B Bank 7 403.1 390.1 13|  3.30% 409.5 391.7 17.8| 4.50%
Bank 8 404.8 390.5 14.3| 3.70% 409.9 392.1 17.8| 4.50%

Bank 9 438 474 -36| -7.60% 443.3 475.9 -32.6| -6.90%

SUM 4730.7| 47614 -30.7| -0.60%| 4778.7| 4777.1 1.6| 0.00%
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Uelytth 32 8E2 99 495 Aloj Bt o3k i Lpem o Eastich wheba S A 2 =9}

T YDAV A5E AHEES e W2 Aol & 5 AT 7] F71d i =4 R
o] AAs] Jojfthe HTatd 32 =4 RY ARE Y Ei DRCF @ DSCFE 7}7] 3%t}
ol INVERSE ZE& 43t A%7] 159 bt 28 27 223t 7] g3tk

Aj 2k

RMS FA Power | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | 0.000| 0.000| 0.000| 0.000{ 0.000| 0.000
Max FA Power | 0.005 | 0.004 | 0.005 | 0.006 | 0.004 | 0.001] 0.001] 0.001] 0.001] 0.001] 0.001
keff (pem) | 3.43| 00| 20| 30| 30| 30| 00| 10] 10| 10| 10
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#[4 574 A A8 Hlal FB 157] 1457], 9B 357] 7157

A 157) 1457 |(WHE) |33 357 757|(3= 52 3)
CA CB cC CD R5 R4 R3 SB7

NDR 279 | 1357 684 354 309 440 341 838

DCRM ™: A4 279 1359 687 351 309 441 342 837

DCRM™: 2 AZA Ao B} 281 | 1353 686 351 308 440 341 835

© 2H(NDR-DCRM ™ )(pcm/%) |-2/-0.7 | 4/0.3| -2/0.3| 3/0.8| 1/0.3| 0/0.0| 0/0.0| 3/0.4
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Neutron Density

INVERSE *

Inverse Reactivity Eq.
- Background signals
- Neutron Sources

DSCF(T,B

- Obtain Dynamic Worth

Measured Static Worth

Comparison with NDR

DRCF(T,B) <+—

DORT 2D/3D: Response Fac.
ANC/ROCS: Node wise CXs

)

RAST-K 3D *
(HZP. S.S/T.S)
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Tr. Neuron Densities,
Pseudo Detector Signals

+_1

Check the Criteria

Y[l DCRM™ At 8%

INVERSE *

e Simulated Dynamic Worth

e Compare it with NDR

e get DSCF, DRCF from the
simulated Worth



0.826| 1.114| 0.959| 1.245| 1.237| 1.340| 1.082| 0.746 0.781 1.042| 0.896| 1.209| 1.205| 1.155| 0.513| 0.499 1.050| 1.225| 1.192| 1.057| 1.409| 1.113| 0.486
0.826| 1.114| 0.959| 1.245| 1.236| 1.341| 1.081| 0.746 0.781| 1.042| 0.896| 1.209| 1.205| 1.156| 0.512( 0.500 1.051| 1.225| 1.193| 1.057| 1.410| 1.113| 0.486
0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.001| 0.000 0.000| 0.000| 0.000| 0.000| 0.001| 0.000| 0.001| 0.000 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
1.115| 1.062| 1.148| 1.159| 1.281| 1.268| 1.237| 0.472 1.043| 0.960| 0.999| 1.105| 1.279| 1.198| 1.038| 0.379 1.218| 0.794| 1.221| 1.196| 1.021| 1.382| 0.679
1.115| 1.062| 1.148| 1.158| 1.281| 1.267| 1.237| 0.472 1.043| 0.960| 1.000({ 1.105| 1.280| 1.198| 1.038| 0.378 1.218| 0.794| 1.221| 1.196| 1.021| 1.382| 0.679
o0.000 0.000l 0.000! 0.000] 0000l 0.001| 0.000! 0.000 0.000| 0.001| 0.000| 0.001| 0.000| 0.001| 0.001| 0.000 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
0.980| 1.152| 0.864| 1.177| 1.235| 1.319| 1.002| 0.368 0.916/ 1.003 0.474| 1.115| 1.309| 1.412| 1.046| 0.372 0.795| 1.286| 1.149| 1.337| 1.393| 1.248| 0.371
0980 1153 0.864| 1.177| 1235 1.319| 1.002| 0.368 0.915| 1.004| 0.473| 1.115| 1.309| 1.412| 1.045| 0.372 0.795| 1.286| 1.149| 1.337| 1.393| 1.248| 0.371
0.000| 0000 0.000! 0.000 0000l 0.000| 0.000! 0.000 0.000| 0.000 0.001| 0.000| 0.001| 0.000| 0.000| 0.000 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
1246| 1.162] 1.179] 1.200| 1.312] 1.245| 1.122| 0.283 1.210| 1.107| 1.116| 1.263| 1.491| 1.449| 1.300| 0.321 1.220| 1.147| 0.825| 0.909| 1.097| 1.064
1247| 1162 1179| 1199 1313| 1245 1123 0.283 1.210| 1.107| 1.117| 1.262| 1.492| 1.448| 1.301| 0.321 1.220| 1.147| 0.825| 0.909| 1.097| 1.064
0.000! 0001l 0.000l 0.000 0000l 0.000| 0.000! 0.000 0.000| 0.001| 0.000| 0.001| 0.000| 0.000| 0.001| 0.000 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
1238] 1.282| 1.236| 1.312| 1.226| 1.262| 0.597 1.207| 1.280| 1.309| 1.491| 1.464| 1.537| 0.726 1.193| 1.334| 0.908| 0.784| 0.882| 0.350
1238| 1282| 1236 1313 1.226| 1.263| 0597 1.206| 1.280| 1.309| 1.491| 1.463| 1.538| 0.725 1.194| 1.334| 0.908| 0.783| 0.882| 0.350
0.001] 0000l 0.000! 0.000 0.000 0001l 0000 0.000| 0.000 0.000| 0.000| 0.001| 0.001| 0.000 0.000| 0.000| 0.000| 0.001| 0.000| 0.000
1.341| 1.267| 1.319| 1.244| 1.262| 0.535| 0.219 1.155| 1.198| 1.411| 1.448| 1.537| 0.664| 0.273 1.021| 1.392| 1.086| 0.878| 0.315
1.341| 1.267| 1.319| 1.244| 1.263| 0.535| 0.219 1.156| 1.197( 1.412| 1.448| 1.538| 0.663| 0.273 1.021| 1.392| 1.086| 0.878| 0.315
0.000! 0000l 0.000! 0.000 0.001| 0000! 0000 0.000| 0.001| 0.000| 0.000| 0.001| 0.000| 0.000 0.000[ 0.000| 0.000| 0.000| 0.000
1.082| 1.236| 1.002| 1.122| 0.597| 0.219 RAST 0.513| 1.037| 1.045| 1.299| 0.726| 0.273 RAST 1.379| 1.245| 1.059| 0.347 RAST
1.081| 1.237| 1.001| 1.122| 0.597| 0.219 NESTLE 0.512| 1.038| 1.044| 1.300| 0.725| 0.273 NESTLE 1.379| 1.245| 1.059| 0.348 ROCS
0.001| 0.000| 0.000| 0.001| 0.000| 0.000 DIFF(%) 0.001| 0.001| 0.000| 0.001| 0.000| 0.000 DIFF(%) 0.000| 0.000| 0.000| 0.000 DIFF(%)
0.746| 0.472| 0.368| 0.283 0.499| 0.379| 0.372| 0.321 0.677| 0.370
0746 0.472| 0.368| 0283 Mg 995 | | 0500 0378| 0372| 0.321 MM S0 | 078l 0370 MAX 0018
0.000| 0.000| 0.000| 0.000 : 0.001| 0.000| 0.000| 0.000 : 0.000| 0.000 :
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