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ABSTRACT

Analysis of the Axial Offset Anomaly of OPR1000

Kang Hyun Kim
Advisor : Prof. Man Gyun Na, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

Much research has been conducted around the world since the first axial
offset anomaly(AOA) phenomenon occurred in 1988. In June 2015, there was
an axial offset anomaly in Korea. It caused a significant difference between
the design axial shape index(ASI) and actual measured ASI. In the case of
OPR1000, the difference between the design ASI value and the measured ASI
value tends to increase little by little. Therefore, there is a sufficient risk that
AOA may occur. So, it is necessary to evaluate and analyze the AOA risk of
OPR1000 before the AOA occurs, and reduce the AOA risk. It is important to
find the optimal zinc injection time to lower the AOA risk since some OPR1000
plants have plans to perform zinc injection during operation. Therefore, in this
thesis, AOA risk assessment is performed to find the optimal zinc injection
time to reduce the AOA risk in OPR1000 which is performing zinc injection.
The optimum zinc injection time will be analyzed through AOA risk assessment
in (N—1)" and N fuel cycles.

As a result of N' fuel cycle AOA risk assessment of OPR1000, it was
evaluated that the maximum value of core boron mass did not exceed the limit

value of AOA recommended by EPRI even after zinc injection after 50 EFPD at
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the beginning of the cycle, and it was found that the possibility of AOA was
low. The results of AOA risk assessment showed that zinc injection was
possible after 50 EFPD. Based on the zinc injection experiences of other
plants, the best time of second zinc injection was conservatively evaluated as
100 EFPD after OPR1000 N'*fuel cycle startup.

Some OPR1000 plants plan to perform zinc injection during operation, and
finding the optimal zinc injection time in the plants is a important problem. In
this thesis, AOA risk assessment of (N—1)" and N fuel cycles in OPR1000
was conducted to investigate the optimal zinc injection time to reduce AOA
risk. Zinc injection in N fuel cycle was found to be possible at the beginning
of the cycle (50EFPD), unlike 200 EFPD in (N—1)" fuel cycle. This is the
optimal zinc injection time for the economy and safety of the reactor and can
be effectively used for zinc injection in OPR1000. This study showed that the
second zinc injection can be performed at the beginning of the fuel cycle,
which 1s a meaningful result. Since the deviation between the design ASI and
the measured ASI is continuously increasing in OPR1000, careful monitoring is
needed and zinc injection is required to be performed in accordance with the

optimal time found by the AOA risk assessment.
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As & 7 AUtk ol ofdFYdSs TS ul AOA TA AA=7 AAL, ¢ =

o

H=
FEY oA FYTFEF AOA A AP =} A

flo

g Cy1 3 NOmMinal

e Cy13 5ppb Full Cycle

———Cy13 10ppb Full Cycle

— ¢ e Oy 13 Scheduled
Moderate CIPS

- =— Severe CIPS

200

-
(4.
o

=
[=]
o

AOA Boron Mass (lbm)

0.50

e e =
0.00 33 s 3, s 3 3, s 5, s X 5, s 3, s 3, K, e 5, e 5, 3, e 35, s 3, 3, s 3. e 3¢, e 3, o “\
0 50 100 150 200 250 300 350 400 450

Cycle Burnup (EFPD)

A}

19 10. e 9ol (Callaway) HHdA 1357] BOBYAE 4 B42dE o= Ay

2. ¥ = 4 #A

AOA 91 E £41& 19 BOA 3= F8) Al ofdF9l3 AT
7l

TQ 7HEQARE AFES = QY 5 ppb R ofAFA AlZFF Al 7t AsreEE
TEsle] BA o] 7MEEtt) ofdFY 71re ¥ E o] 50 EFPD, 100 EFPD,

3) EPRI®] BOAZE o]A ¢283-A2(WH)olA 793 AOA 98 % 7l ==
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150 EFPD, 200 EFPD, 300 EFPD, 450 EFPD =Y A|HE F7] £85 A|7MA] 438
gria s14etel gEztor 44T 4 Urk. OPR-1000914 5 ppb 5% ofdg
A% Fals W o Sasla ki 7gee] BOA = 43 Al 5 ppbe] Fto.

% soAd e JeEgton A4 4 9ok

o
2 EPRIGIA Aasks # 40%E 7F4ske d8gtez A

[e]
S
t}. OPR-1000 N-157] ACA $1¥8% A7} Al 232 A HE #ES =4 544
F Az, aH= A g, 1S A/ b, 1Y A4S Y
A F& Ak Soln o] AES E3 OPR-1000 N-157] AOA 9IEE o=T

=
T = Aol

A 2 4 ACA 13 = H7}

OPR-1000 &Hd 49 N-157] 918% HIIE F3st7|o LA, old 7159 Ho]
=]

HE E2X&le] BOA Z=2 S8t A nt7] &3

oM F71E9 BOA ZE AFE FAS Ay =4 U EAEe FAEFY U@
N-4, N-3, N-257]¢] ths}e] AOA A 7]+ 3%°l dNFst= 0.28 Ibm ©]uj2]
e Bt adEg gyER A% % 893 HAGAOCA)S jle o
A = Aot

2. N-1F7] 919 = 37}
OPR-1000 N-17] #189% H7ME 3] 18] vl= dEAFA(EPRDAA 7]gh
BOA ZE= 3.1W AL A}8£3590. BOATZEE o8 Aol HzE dgzke vz A
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gote] gdstA #A4E ¢ de FAHol vk N-157] 3= H7F Al Al 7HA
Case® o] JHE = Pl 3 3H Y Case 19l
M oldFY e, % Sla= 7H4ste BOAZE=E
gttt ol d F71¢ L AT E AL AF B AN =4l F
e eAad=Y Hgto] = AEATA Jhol=aklol A AaLg AOA A Alghgk
(0.28 1bm) oJHZE FX= o] AOA A 7FsAo] gluts AL A3t ¢, N-2F

O

7] EWEEE AR Hdigkel ACA A 715l 3% 7k 2.62%0 HE W s
A3 N-257] =4 B2 Hg2 0.2835 Ibmo® H7hs o] EPRIONA #aLgh
AOA A e] AeHgkel 0.28 IbmS 273 Z oz B =t
3 3. OPR1000 4 N-157] AOA #13%= 7} A¥HCase 1)
Case 1 : o}d5dd n=d, 25344 3, A4 sl 7H
EPRI
Cycle
N-4 N-3 N-2 N-1 Theshold
Result o
Limit

Maximum Core Boron
Mass (Ibm)
Maximum Crud

0.2858 | 0.2174 | 0.2835 | 0.2164 0.28

) ] 1.6147 | 1.6782 | 1.7550 | 1.7935 3
Thickness (mils)

EOC Ni/Fe Ratio 1.9415 | 1.9634 | 1.9298 | 1.9076 | 0.5 ~ 2.5
EOC Ni Mass (lbm) 5.6727 | 5.9789 | 6.0700 | 6.0308 N/A

= A7 W, ZE9AA vFE, BARA 185 7}
gate] g FYPSAAT AFEFAR 2RSS YA @ N-15719 5
ppb FEe] olde Fg AL AA Frlel BH w4 H2dFe Hulgre] EPRI

AT AT 0.28 bmS ZFHke] AOA7} WAEE Ao BHriEglon, ofdFg

NI} FA % ARGASE Fa GAAA GEe] B AFS Ryt
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3 4. OPR1000 x4 N-157] AOA 913 %= H7} AH(Case 2)

Case 2 : o}d59 3 (5pph), Z53AA vod, EAAHA 13 714

EFPD
w) =3y 50 100 150 200 300 450 A 3}
Result
o)
Maximum Core 0.216 | 0.423 | 0.408 | 0.392 | 0.374 | 0.338 | 0.302 0.21
Boron Mass (Ibm) 4 4 6 2 4 3 o Ibm
=7t
o)
Maximum Crud 1.793 2.119 2.102 2.083 2.062 2.022 1.967 0.33
Thickness (mils) S 8 9 7 8 2 7 mils
=7t
. . 1.907 2.041 2.012 2.012 1.999 1.979 1.850
EOC Ni/Fe Ratio 6 5 0 ) 5 - -
2 o)
EOC Ni Mass 6.030 | 9.541 9.489 9.180 | 8.936 8.255 7.060 3.501
(Ibm) 8 7 5 6 1 4 5 Ibm
<7t

EEIE EEREEE R D PR & SSERESE R

a
[} [}
ofA=Sd FA(EE 1 5 ppb), BAEA 13E 7H4HsIiHY 150 EFPD o e o<l
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¥ 5. OPR1000 A4 N-15F7] AOA 18 % H7} A7 (Case 3)

Case 3 @ o} 5 (5pphb), Z5IMY 8, EAIAA 13] 714
EFPD
w) =3y 50 100 150 200 300 450 23}
Result
oy
Maximum Core 0.216 0.3997 0.306 | 0.290 | 0.273 | 0.241 0.209 0.11
Boron Mass (Ibm) 4 ' S 3 1 2 3 Ibm
=7t
oy
Maximum Crud 1.793 1.9523 1.933 1.912 1.892 1.850 1.791 0.16
Thickness (mils) S ' 2 1 1 6 6 mils
=7t
1.907 1.967 1.967 1.954 1.944 1.796
1 1 2.0001 -
EOC Ni/Fe Ratio 6 . . q 5 5
oy
EOC Ni Mass 6.030 | 10.052 | 9.990 | 9.687 9.417 8.656 7.398 4.02
(Ibm) 8 1 9 8 1 2 5 Ibm
<7t

A3AAZE B 23 &4
OPR-1000 N-17F7] AOA $d% H7He Al 7HA A=z viro]l 333t

F 77k Alolz~E Al WA Ale] 2ol ¢l
Efo] 13 A& HYT 4= gl
3, 259 AT odFS B
AA RN A M-S st REAoR HURSIlE W, N-157] dddAE
200 EFPDH-H F71471A] 7]7F 53t ofAFo] 7hask oz Hr7h= Q). o] A
= OPR-10009A AHo 2 ofdFydS T A5 F7] Zuke] A%
TA Y ETE oA BR F7] FHEQl 200 EFPDY %

T

1

=
Q7

T g BoET
o1l 2 5

-
%2

o)1

e A

o
ol

= OPR-1000 &7 dupd 7] %7} ofd

ot
o
T
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Al 4 & OPR-1000 NF7] ACA¥IR = H7}

A 1A oA 7] Hely 24
OPR-1000 ®H 4o NF7] 919X B7hE s3s7] Aell, N-1 57] F7F A
At Fdst old F7159] HelHE #2435t BOA A=E o835t A stg
e )

o, o]d F71Ee] BOA ZEE o8 Ad w4 Ul EASE BrAT Huge
N-3, N-2, N-15%7]¢] djete] AOA M4 7129l 3%] s19aH= 0.28 Ibm o]
ghe mgr aYnE AU A% HUG FEARL AAFA0NE gt Aow

#4591,

A 2 2 AOCA 8= HJ}

OPR-1000 N-157] ACA 3% H7ist= v=2A AHAA 43 FARE d7F] 9
Aol ~zuk AAste] NF7] AOA Y% H7ME Fa8t9lar, 1 A3+ Table 4-13
2tk N-157] ACA AP %= H7Fet wx7HAE vl dEAF2REPRDANA 71
BOA 5= 3.1M A& ARE3HITH

BOAZE= 3 A OPR-10009] AA| &3 FAlstA oA+ 2 253418
TP Ao R JHgsta FEE FYSIGT AHEFAR 253G S At
a8 0 40% 714) Sppb &9 ofdE FYF A F71x S0EFPD o] % S
sl Hd =4 54270.1758 lIbm)e] EPRI #al #13H34(0.28 1bm)S
2= Ao R Wiy gk
OPR-1000 NF7] =4 W 44 ¥ 639 oldFd A7 7] 22 245
S7ksh= FAlolm Hojghk> 50EFPDR-H ofds F<{dste= 7450l 0.1758 lbm
37} At

rlj o
[y
)
o
L
>

o
Hl
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¥ 6. OPR1000 ¥4 4 NF7] AOA 8% H7F A3 (Case 1)
Case 1 : o}d5%] 43 (5ppb), ZFAMA 8, EAIAA] 13] 714
EFPD ]
] <=8 50 100 150 200 300 450 A3}
Result
o)
Maximum Core 0.159 0.1758 0.172 | 0.168 | 0.158 | 0.144 | 0.124 | 0.02
Boron Mass (Ibm) 2 ' 2 1 3 3 9 Ibm
=7t
o)
Maximum Crud 1.760 L7891 1.778 | 1.773 | 1.770 | 1.747 | 1.715 | 0.02
Thickness (mils) 3 ' 7 0 3 7 5 mils
<7t
2.465 2.206 | 2.208 | 2.209 | 2.227 | 2.174
i i 2.2079 -
EOC Ni/Fe Ratio - - A . 6 6
2 o)
EOC Ni Mass 5.752 83910 8.321 | 8.219 | 8.093 | 7.630 | 7.006 | 2.57
(Ibm) 3 ' 9 7 1 7 5 Ibm
<7t

A3 A 9EE Boh A BA

9
2
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Ty A F7)
ﬂ%%M Ul%
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j9
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N
1ﬂl

Lo
)

o

T
I A

t

aly

2

Aol A ofdFd A7)
thar B@rkskglvh. ol =4
OPR-1000 7 2=l A O}Oﬂ—zr%‘g
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7 3A gt ol= F WA Fr)REHE
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Ab5HAEAE

¥ =EE EPRIGIA 71Eg BOA =5 o]&35to] AOA 9% H7F 235 BA3}
20w, OPR-1000 #x4e] N-157]9F NF7]oAe] H A9 oA Al71E AAs)

x

Stk 53 OPR-1000 WALES W FHAze] WA S43 el 2folzt
]Jo

AEAor S7kshe FAE Wil glov AOAZE BT @l gl7] wiel & =
ol AA vk 2 ACA 919 H7F A AEste]l AOA fldEE 71
s Wgo 2 OPR-1000 2HLE 26T et ol

1) AOA 1€ %= 7} A3 OPR-1000 WA LoA] A g0 7 oldFYdS
F719] A5, 771 FHkel 200EFPDOA ol Fdads wf Aad= =59
w4 B Hdigke]l EPRI Zhol=eilol A dAargh w4l Az Hdigh
(0.28 Ibm)Et} Wom AOA =7l Wt aeju=2 oldF9lS 7)o 3 Al
HpHor F7] Fubo] 4318k F o] gl

2) AOA 913 = H7F A3 OPR-1000 LA Ao F HAR ofdAF]S 433 N
719] A% F7] % S0EFPDAA] o}AFYES FastolE w4l Sk FHdgkol
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