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Excore Detector Calibration of Kori Unit 1,2
Using Adjoint Flux
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Abstract

Axial power distribution in Kori Unit 1,2 is required to be controlled within general band
centered target axial offset(A.O) and power distribution is monitored through excore detector
which is calibrated periodically. Up to now Kori Unit 1,2 have adopted multi point calibration
method which needs 4 different power distributions by manipulating control rod position. But
this method increase the possibility of violating axial power distribution limit and disturbs
equilibrium power distribution by forcing control rod to move manually. To calibrate excore
detector without disturbing stable core status, Kori unit 1,2 applied Simplified FExcore
Detector CAlibration Method(SEDCAM) which needs only one flux mapping data.
Comparison of SEDCAM with conventional method shows equivalent accuracy and additional
benefits like shortening of calibration time and reduction of liquid radwaste production.
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D Flux Map Reactor | Incore | Detector Current | Excore | Current at FP

ate NO. Power (%) A.O Top | Bottom A.O Top | Bottom
Channel 41

2000.05.15 | KPR-118-015 99.84 -2.22 389.13 365.00 3.20 389.75 | 365.58

2000.05.16 | KPR-118-016 99.91 -5.18 383.10 372.10 1.46 383.45 | 372.44

2000.05.16 | KPR-118-017 99.90 1.02 398.20 356.30 5.55 398.59 | 356.65
Channel 42

2000.05.15 | KPR-118-015 99.84 -2.22 360.00 334.00 3.75 360.57 | 334.53

2000.05.16 | KPR-118-016 99.91 -5.18 353.90 341.10 1.84 354.22 | 341.41

2000.05.16 | KPR-118-017 99.90 1.02 367.50 326.70 5.88 367.86 | 327.02
Channel 43

2000.05.15 | KPR-118-015 99.84 -2.22 388.25 350.13 5.16 388.86 | 350.68

2000.05.16 | KPR-118-016 99.91 -5.18 383.00 358.10 3.36 383.35 | 358.42

2000.05.16 | KPR-118-017 99.90 1.02 397.70 342.50 7.46 398.09 | 342.84
Channel 44

2000.05.15 | KPR-118-015 99.84 -2.22 278.00 274.00 0.72 278.44 | 274.43

2000.05.16 | KPR-118-016 99.91 -5.18 273.90 279.90 -1.08 | 27415 | 280.15

2000.05.16 | KPR-118-017 99.90 1.02 284.40 266.70 3.21 284.68 | 266.96

wA F0e 2EUAA0NS 2 A AR w9 ASY] AR dndown dEA B
A2 et a9 1614 1E vpel o] 1E] 157 185%7] 7,700MWD/MTUA = 2t A
AOwit w8l AZ7] AR AP BAE nel 3 ek - Y w9 A= ARE wi
S e BAAL 2T g 4+ ok

Cr=axA.0,+b

A
ol
o
e
=
(s
>
o
o

CBZCXA.OiH+d

A71A, CrCee =AF7] AEE A - st AS719 A7, AOns =UAlIS7e 93 &9
HAZ}, abcedis =9A4157] Al 5434 4otk Multi-point method+ =WASF7] 2 A2
FYRLE 43 ol FAs] =9AFY] AF =4 S0 FYAAe}e] F@ BAE HaA
STHE AFRSIe] FEtal ST AT abedE dotdth =9 A5V = T %@.’?}%’\1 75%
=93 100% =9 = 92 EFPDviY A8t =5 7| sA A A Asekar vk =3k mjg 13
A wQAINE Fste] mUWASVZ A WY FHAXS}] o2t 3<yo]q104c¢ 331 3%
ol ex7F HAE Ae+= A A4S TS oF drt



|

+ Bottom

X Top

Measured Data
Least Square Method

370

330

[wr 12-HO uuaund

320

|

+ Bottom

X Top

Measured Data
Least Square Method

400 |

390 -

[wr 1 Tp-H

80
70 -

o (3]
D Uluaund

360 -

350

AO (in)

A.O (in)

+ Bottom

X Top

Measured Data

|

Least Square Method

290

285 |-

275 |
270 |

1
Q
<]
N

v J¥p-HO urwueiund

265

260

£
S
2
3
o o
+
s o
)
X o
k]
3
k=
3 4
s =
T o
21
5 3
3z
M.Sl i
83
= J
1 1 1 1 1 1 1
Q =} Q <) Q Q 2
=3 153 53 = @ e}
< ™ @ © @ ™ )

[wr 1€p-HO uruaun:

AO (in)

AO (in)

=

1% 1. Incore A.O¥} =97

2.2 4 w AW (Single—point Method)

o

|

%7] ¥

oltt? 7

s

=0

H

|

oo

3

2 o

(DRF)

o

o

o

(2)

arP( R} Py + RY Py)

Cr

3)

asP( RE P+ + Rj Pg)

CB=

o714, Cr, Ci

Njo

)
ey
_ch
—_—

0

o
b
iwﬁ

o

—



BERE FAA GEASI ERAE BEE Y AZ7) weadioln. A2 w4l
W 8 AR =4 99 37 =4 8o dAA S 21d bS5y 2ok
_ Pr — Pp . _
AOy = B pl X100 i Pr o+ Py = L0 4)

)

—

= E
AL, aras e AAS7] faAA= 139 =4 %%‘%E 27‘401 2 2.8 01&4% o g 9
w4 FYRE ZAAEY QoW woASrE nAsy) 9% ARE YAT + dvkE Aol @
¢ wRPe Yol

3. Weighting Function¥ DRF A4t
317 1,25 7] =4 modeling

ol E) WS QAL AT AMAAE 2 FA Adawel HPshe w4 FHEEG 9
A FUEE did AHEEE PHOENIX/ANCYS =41 adjoint flux £XE 47 98] A&
T F44 £$3259 GIP/DORTY7F AL Atk PHOENIXE 2449 oy £4w44 didas

ZM ENDF/B-VIZHEH %% 42 group cross section libraryE AF&£3t. PHOENIXE
collision probabilities®} heterogeneous response flux methodE ©]-&3}9] subcell regionse] 22+
27 SAAAES AAEE 3 S, discrete ordinate calculation2 9] coarse energy-group flux=
ALbget. ol2ldk Aldte 2 ANCol| AH&E 7 iz s Aistes s FFRA=EAN A
71l g 2 &S v x= JTAS o] &3] PHOENIXQ baffle/reflector RS JHAE =
o] YA EEE At GIPL ZF 94259 microscopic cross sectione BUGLE93 library
ZHH  ¢lof DORTA /\}%% macroscopic cross sectiong AARETH Axp2A Wb
baffle/barrel/vessel, &7], =& AZ7]52 ddoz 1}Fo] o]d aIaE dx FUEE ¢)#H 3}
W Z} 999 macroscopic cross sectionS A4kstth GIP YA EE AMEEE BUGLE9Y32
ENDF/B-VIZ®H %% fine group VITAMIN-B6& FoFsle] whEolzl library2 47 F4 4
ATdH Y 209 gamma rayoll Wi HHRE 7FA 3 Aok Adjoint flux EXAAS f13] AFEE

A= FAAA FEUAAS % =42 A%S #FSE DORT F=o|t}h. Discrete
ordinate S, F%W 42 14 =< DORT+E Si A9 angular quadratureE A3l o F

AAF A\ A = 4770 ool FA } ‘74_'1_7‘* gho]l B & #]+= BUGLE93S o] &3to] Py7kA] AlE &
A AbetdH A S AREE AT a1E] 1237 ASF7] vESAS At AEE R-Z =4 BEe
A B AEEEo 2 190meshE AFR SR I Al =HEFo 2= 232meshE ARGt 19 2+
3 1237 =4 98, 38 33 dd ot w9 ASV]E agelA Be ukel Zo] Zb AEd



of sy wzAER o AAGh AN, FRAZVE FAde ATk ® 2= 1 1257
w4 A o] TP
1 AN
| Bamel X Shield
i §§§§§ Excore
' ¥ i Shroud §§§ Detector
| ‘
Reactor 55
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§§§ Wall
Excore Detector } E:E::E L L]
a9 2. 39 1257 =4 £, 74 dHE
% 2. 39 1257] =4 A4
Parameter ad 12357]
Reactor Core
Power (MWth) 1,7235 / 1,876
Height (cm) 365.76
Equivalent Radius (cm) 123.06
Top and Bottom Reflector Thickness (cm) 40
Reactor Coolant
Normal Pressure (psia) 2250
Inlet Temperature (C) 282.9 / 2886
Average Temperature (C) 302.2 / 307.3
Reactor Internal and Vessel
Core Baffle Thickness (cm) 2.8575
Core Barrel Inner Radius/Thickness (cm) 138.43/4.365
Reactor Vessel Inner Radius/Thickness (cm) 267.64/10.51
Excore Detector
Number of Radial Location 4
Distance from Core Center (cm) 211.931
Number of Axial Detectors per Location 2
Length of Detector (cm) 152.5
Type of Detector Uncompensated lonization Chamber
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0.40498 | 0.10217 | 0.09689 | 0.39596

0.40563 | 0.10144 | 0.09661 | 0.39632

0.40694 | 0.10062 | 0.09897 | 0.39347

0.40749 | 0.10003 | 0.09865 | 0.39383

0.40798 | 0.09850 | 0.09961 | 0.39390

0.40852 | 0.09787 | 0.09944 | 0.39418

0.40841 | 0.09776 | 0.09974 | 0.39408

0.40875 | 0.09743 | 0.09957 | 0.39425

0.40895 | 0.09692 | 0.09985 | 0.39428

0.40929 | 0.09658 | 0.09967 | 0.39446

0.40924 | 0.09654 | 0.09983 | 0.39439

0.40967 | 0.09610 | 0.09967 | 0.39456

100 0.41013 | 0.09545 | 0.09965 | 0.39477

0.41028 | 0.09534 | 0.09957 | 0.39481

0.41062 | 0.09493 | 0.09946 | 0.39499

0.41044 | 0.09510 | 0.09959 | 0.39487

0.41083 | 0.09472 | 0.09942 | 0.39503

0.41078 | 0.09489 | 0.09945 | 0.39488

0.41119 | 0.09449 | 0.09918 | 0.39514

0.41131 | 0.09458 | 0.09896 | 0.39515

0.41138 | 0.09442 | 0.09905 | 0.39515

0.41153 | 0.09440 | 0.09879 | 0.39528

0.41151 | 0.09438 | 0.09888 | 0.39523

0.41139 | 0.09449 | 0.09888 | 0.39524

1y 257] 1557]
RTB RBT

RTT RBB

1y 257] 165F7]
RTB RBT

RTT RBB

0.40352 | 0.10204 | 0.10122 | 0.39322

0.40177 | 0.10741 | 0.09748 | 0.39334

150 | 0.40539 | 0.10006 | 0.10341 | 0.39114

0.40575 | 0.10074 | 0.10146 | 0.39205

1,000 | 0.40666 | 0.09841 | 0.10305 | 0.39188

0.40705 | 0.09860 | 0.10148 | 0.39286

2,000 | 0.40723 | 0.09773 | 0.10295 | 0.39209

0.40775 | 0.09769 | 0.10140 | 0.39315

3,000 | 0.40807 | 0.09696 | 0.10247 | 0.39250

0.40847 | 0.09687 | 0.10121 | 0.39345

4,000 | 0.40900 | 0.09618 | 0.10188 | 0.39293

0.40924 | 0.09613 | 0.10083 | 0.39380

100 { 6,000 | 0.41025 | 0.09530 | 0.10097 | 0.39348

0.41032 | 0.09525 | 0.10024 | 0.39419

8,000 | 0.41105 | 0.09457 | 0.10050 | 0.39389

0.41097 | 0.09451 | 0.10010 | 0.39442

10,000 | 0.41157 | 0.09419 | 0.10023 | 0.39401

0.41134 | 0.09419 | 0.10001 | 0.39446

12,000 | 0.41204 | 0.09394 | 0.09990 | 0.39412

0.41203 | 0.09392 | 0.09949 | 0.39456

13,750 | 0.41226 | 0.09385 | 0.09970 | 0.39419

0.41212 | 0.09386 | 0.09930 | 0.39472

14,250 | 0.41248 | 0.09376 | 0.09944 | 0.39432

0.41207 | 0.09389 | 0.09931 | 0.39473
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