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ABSTRACT

The Lead Use Assembly (LUA) of the Korea advanced nuclear fuel will be
loaded in YGN4 cycle 7. The core cycle length is 16,248 MWD/MTU and
57,996 MWD/MTU is the maximum pin peak burnup. Fuel thermal and
mechanical performance (i.e. maximum temperature, rod internal pressure, and
cladding corrosion) evaluation is performed with ESCORE code which is
developed by EPRI.



Proceedings of the Korean Nuclear Sociely Autumn Meeting
Cheju, Korea, May 2001

PSS

| 8t

9
s

I_

HIE & Al

3 AARC=

SRSy

Oladst =Al

ol

_JI’
%0
)

ol

a1
A
FoY

ol

Ol

=1

| —

[—

HAIZLD UALMH.

0

i
ol

[

H&

=
=)

M 0=

OIFH AN

=4=p)

SHEHMOIH A

0
it 2

gt
=

H

=9

ol

1o
%0
_Jl_

OH

i
A
FoY

ol

o
ol

JHHIA =

EHOICt.

I.

<0
J

Algotl U

Ol==2 I

Olcd et

Ct.

b

0¥

1o

H

Hel Al &R Al

ol

ol
all

a1
A
FoY

ol

il

K<
il

o4

=
1o

<]

ol

Ol
Kir

a1
A
FoY

ol

Jo

Hel D4

0

0

Jo

ol

KiJ

ot Al

CH X

KiJ

J
KF
A

&)
ol

OF
KJ
ol

iio0
or
K

[

PR 4

=

S

EHH X
(==

= Al
O

o
=2
=]

P

A

e

|
=

&
[l

I

g
=

OICt.
Xt

5

ol 2EE A
H EPRIDE DS ESCORE =2

He=s0 UM, &= b

= A70A= Al

0

ek A

Ct.

I_

&l 01 0F

H

Ll

=1

Al

B0
™
Kl
K0

H

16,248 MWD/MTUE ==

J1Z 0l

=
T

_I

o, 2g 1

]
K-

_J
0]
<~

Xt

Loz SAEAL, 4042 Al

Xl
=

il

Al

4.5%

EH Ol Kl BF,

[==|
f=1

4l (KA)
= HIQt 20| 8% It

I

|
K12

=

Al
=
o
—

o=z

100 Al
5t

P

20l Ct.

9

ir
a

g Dl

I.

[==|
f=1

MOt

I

S
=
—

PN S|

=
| —

[—

EH X
[==]

2t 4.0%°] AZII zoning=l O QU
SEAUWAH 8

=clU 0t =0l

ol

2= e 201 208 Ml H1

18 200 A

| —

[—

dl

Xk

1000 MWD/MTUERIZ A AL

57,994

ol

ALY 2 (500MWD/MTU)

0l Xl=
MWD/MTUZ 2Ia It A

ol

et 0| Ct.

Sh&
—

o

|

ESCORE s

750 MWD/MTUJ}b i

3.



Proceedings of the Korean Nuclear Sociely Autumn Meeting
Cheju, Korea, May 2001

&)

ol

o4

e}

=2
=]

g A

ESCORE ZE

4=

MDA AHSO A

al
=

H

=gs

I.

A
=}

X A
o

=9

ol

HXHZ2 H200 LHEFLHRALCE.

OH

o
00

HIAHOI A

H
<
3

U4
3
ol

3—1

kel
A<

A2HOl OOl A 443 Al

OICt.

1T

_1cH

AAGE = 40,000 ~ 58,000 MWD/MTU DHAl A A S AULH,

M A2

—_

70
fall
o)
ol
HH

N ESfe

deiE O 400 LIEHHA

=

2t

2c ¢

A
(=]

I =

Xk

q =

=

S =& gt (Radial Peaking Factor)2
2

=

x
[

AZHH HE s &

=
1o

ol

9]
=
LA
Rl
sl
o)
o1

)

iio0

1,052 C DtAXl

H 929 T Al

0

6]
KD

J
K
i

8=z

22U

Z=II0 A ol0l

Se2E= 7900lA 830 C Al
ol

| —

[—

9
ot

=

Of et gz
ol

I_

2
[

F Al

q

2
[=]

A2l

o

Kl
30
=

3
il
ol

18 5% 62 LUA

i

IH

=

J

@l 20l A

£ AZA

=
T

0

LUAS]
2o

-

GH

, HTUIA =
ol ol=

| —

[—

229

N 22t 22,4200 58,110 MWD/MTU Ol *LCH.

o
i
o0

]l
il

ol

8
J

(open porosity)S It

2l

0
U4
3
ol

ni0

i
H

o

—_

<

i
o1

S/ |

I

o
=

I AIZHO (HE HH==sUW

e X

LUAZH H1

ol

AL H12 A= =) SUEY 6.81

Jto

e

L)

2,700 MWD/MTUSl HASTOUIA CHAI

MPaXl Al

)

Al

o
20

-

ol
oT

J
OF

R0

gl

_

o)
JJ

8

&0

ol

)

H

H=0OlCt.



Proceedings of the Korean Nuclear Sociely Autumn Meeting
Cheju, Korea, May 2001

—_ L

B RAR ST N XROU = 33 3l s W R S~ 8 JJ SR
=8 v Hd_3535H =L 5l 0l &l ~NKEE Oy X _~
of Hlg — =gl Xz on < oI = Ngsrs® 2 S
il T sy s =« 3 5w g Hs 4 T m W
il _|44|.%o_”o_._|E.rﬁ = Fm_._a ol =y 20 -
© = Y K~ = s J R W o = n | J-
— SO .= @ I z [l |
= ol T © o O 2 S < Ol =K = = 1 M = H o1
~ ERLREE R o4 A AR o ol ¥ U
mﬁ_ ﬂEMIWMMEWﬂJ. - 4 s %_%m_ QT ol X
I KR>22 . 335 ¢S ) = S = Lz I g RI {50
=) [IEn T v o o ol st ® @ n
A u u.___dwo_.md N E L 0F O Zr & ol _ o) «
7 T e &= o 5% “wm=¥ o ighic
— _ S — o~ Y] = o . _a
R0 %%&&M%#Eﬂi = = < I O R -
TN o . = s © oy g ujo W p=Y S 3 K —
R @_7 oz R __oe_.Ter_ __AOu P oll <0 = = x o Mg., -
~ Yoz @ 28 i Ao D06 fS W
S 1 2 gEREA I 5 © g S B0 = o i M
5 R R s 3 ao_ U TouE Es @
or S OSORAB W IB 5l «© o R Rl op B0 m g
= = § o oT v x b = T ~ o 1o Kl Kk ° or Uk
= WESOUITA ST RO M0 E Wafm 2 < =
0 " & = » L = oy Bl K0 ~ D0 _ g ~ O
i > o r = il < _ & ) = e ol 1 = = —
__o_| ol N — < ~ ..HI In_ = c.__._._ _x_._._._ @.M m o H_| ™ = m - @un_ L._| =
3 ST Tws 3 7 B o Ret W GMEA gL aA
o SS T S e m Yo 0 = Ei o) mp ol B Ko % S a
=< or 2N o ™ = - 3 P4 S x M~
o moar O s moE et g U N T e R i - T TR N
[ xwuj_._uo_.Lu|_.A._.1A_.|_._rO| T om0 W o — v > 0 < 5J
= = _J_u.r._.d_.mncaA_. ;%_U _.Jro |DL|3D|._A| U ol &r mm_.o_.
I T S R0 Ko T R N .. U DF =1 .Or_ o) 0l <N R 52 M 31U =0
= O s o= WA o S o MOk R =0 WKW
s ¥xAJITIDLEAES S o W2 w=™s w A = o
KF i uTAPmm_M._ |_..r_||._A.._n.L/D_.._ .AE_|E M~ |_.MC__O _|_._ocgr._ i () = =
oF = N w2 W o BIRZ 4 4o T W ok q ol
mo EgorSozSw - eR z) O o Fogm mgE W RD g
ax TeomgmiomsWes W w2 O B Y- - (T
=% " magmoodl N85 Ao . TH O S8BUYH G X =N
ST s Hxed=FDFE c =T w4 I3 H ossSM DF FH
RIT o KRS ANE® w N o < 5 <



Proceedings of the Korean Nuclear Sociely Autumn Meeting
Cheju, Korea, May 2001

H=E=ES UEHHADI! IH=O0ILC.

S H1S B0 &8IIE012 80l 2 Olre JIEAt" =22 SASZIE DA
& UW=s2Z20 3 20104, JI=ALE H1 Hetdlel 29= ESCORE fFAL2E
o HOIZ0 010 =& HEH0IJ] 20 FA5EIF LUAN Hioh 2 Xe=x

SHetE O

o
I
M0

ra

. T.Kido, A Study of Enhanced Uniform Corrosion of Zircaloy—4 Cladding
During High Burnup Operation in PWRs , Sixth International Symposium on
Environmental Degradation of Materials in Nuclear Power Systems Water
Reactors, Edited by R.E. Gold and E.P. Simonen, 1993.1.

. The Nuclear Design Report for Young Gwang Nuclear Power Plant Unit 4
Cycle 5, KNF=Y4C5-00005, March 2000

. AM.Garde, et al.,, Waterside Corrosion of Zircaoy Fuel Rods, EPRI
NP-2789, Research Project 1250-1, Combustion Engineering, Inc.,
December 1982.

. R.B.Fancher, [.B.Fiero, H.R.Freeburn, A.M.Garde, M.W.Kennard,
M.A.Krammen, P.G.Smerd and N.T.Yackle, ESCORE the EPRI Steady—State
CoreReload Evaluator Code: General Description, EPRI Report, NP-5100,
February 1987.

. H.E.Evans, M.V. Polley, A Review of the NFIR-I Zircaloy Corrosion Projects,
Volume 3: Code Predictions of In—Reactor Corrosion, EPRI NP-7320-D,
Volume 3, Nuclear Electric PLC, September 1992,

. Ph.Billot, A.Giordano, Comparison of Zircaloy Corrosion Models from the
Evaluation of In—Reactor and Out—of-Pile Loop Performance, Zirconium in
the Industry: Ninth International Symposium, ASTM STP 1132, pp.539-565,
1991,

K.D.Sheppard, et al.,, Analysis of Zircaloy Oxide Thickness Data from
PWRs, EPRI NP-6698, Research Project 1250-18, S.M.Stoller Corporation,
February 1990.

. R.H.S.Winterton, Thermal Design of Nuclear Reactors, Chapter 5, University
of Birmingham, England, 1981.

S. Levy Incorporated, EPRI PWR Fuel Cladding Corrosion(PFCC) Model,
TR—-105387-V1, December 1995,



Proceedings of the Korean Nuclear Sociely Autumn Meeting
Cheju, Korea, May 2001

H 1. 8¢z Hatdl AFS
Type Number of Numb(?r of Rods U—2§5 Enrichment| Gd203 w/o
Assembly (Hi/Lo/Gd) (Hi/Lo/Gd) wt% | In Gd Rod
KO 8 184/52/00 4.50/4.00 -
K1 16 176/52/08 4.50/4.00/0.711 6
K6 36 172/52/12 4.50/4.00/0.711 8
KA (LUA) 4 176/52/08 4.50/4.00/0.711 8
H 2 A
= &%
Core Average Power 176.87 W/cm

Core Average Fast Flux

2.8773E+14 — 2.9778E+14
(n/cm?/sec)

Coolant Pressure 15.513 MPA

Coolant Inlet Temperature 2956 C
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Guide Tube

Normal Fuel Pin

Low Enriched Fuel Pin

<

|

U-235 Enrichment

Normal Fuel Rod
Low Enriched Fuel Rod

© 4,50 w/o
© 4.00 w/o

Fuel Rod Bearing Gd203 : 0.711 w/o

Gd203 Content
Axial Cutback Length

:8 w/o
: 7.5 inches

IXD(/

Gadolinia Bearing

Fuel Pin

8 1. LUA Configuration

N P N Box Number P: Previous Box number 1 12 12 1813 36
XX XX @ Assembly 1D HO H? H2
RIR : Number of rotations 2 0 0
4 1015 6 7 518
J8 KO K1 JO KA
2 0
9 8 |10 1 712 1913 14 14
H? K1 J1 Jé K6 Jé
0 0 0 2
15 16 |16 17 18 27 |19 20 1121 34
J8 K1 K6 Jo K6 H1 Jé
2 0 0 0
22 23 38|24 41 25 42 |26 2 27 28 35
KO J1 Jé HO GO K6 HO
0 0 0 0 1
29 3130 31 32132 33 37 |34 35 6 |36
HO K1 Jé K6 GO K6 J5 K6
2 0 0 2
37 24138 22139 40 23 |41 42 30 |43 17 144 44
H? JO K6 H1 K6 J5 Jé H?
0 0 0 2 2 2
45 50|46 47 47 148 34 |49 35 |50 51 51 |52 21
H? KA Jé Jé HO K6 H? H?
0 2 3 0 2 0
8 2. LUAS Egst A& 450 7 )| =siolg &8 24
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YR 4 LEAD DSE RASEMELY JOECLE 7 EACORE VERS:

DETAILED FISSION GAS FELEASE

MNODAL FISSION iS5 FETAINED WITHIN CRAINS(AOLES/CH3I X100000 )IN FOCL RING HUHBER:

NSLE  EDRNDE 1 z 3 4 5 & 7 B B 40
- SOn/ATd |
TINE= 444,33 DATS ROl AVGE BD=  22.42 GWDSHTD
1 =l g iz 1z 12 12 1z iz 12 12 1&
z 1z.04 18 1 = 1 18 1?7 17 1T 11 17
2 l1B.36 32 22 233 a1 a1 21 20 @D 19 18
4 io.eB 2 25 25 a: a4+ 23 22 @1 a1 =0
5 z3.03 z 2?7 z¥ 26 16 9 3 z2 21 =1
3 ra.90  3a 28 23 2B 27 26 24 g2 B1 £d
7 Ta.7d 30 2@ 20 2B 2T 26 ¥4 3 22 =i
3 54,52 jo 0 2z 3B 3T 26 24 3 2@ Z1
el G5.01 40§00 &% @B 37 &6 &4 & ag &1
10 45.07 g om0 a2y 3B 27 26 24 @3 a2 21
i1 45,12 g @ W kB 27 26 % 23 22 &1
iz 25.20 90 30 22 28 27 26 24 21 21
12 ZZ.29 10 ¥ 3® 2§ 2T 26 24 @z 21 Zl
14 2E.2B 3@ W 30 ag a7 2E 24 @ .21 =20
15 Z5.40 3o 3@ 3o 29 7. BE 23 @2 21 =0
i 5.1 31 30 30 29° 27 BE 23 1 20 =20
17 E5.7+ 31 33 30 29 27T ®E 3 1 20 19
18 5.1 31 81 30 20 AT 28 Er i 10 18
13 L5.60 41 @ 330 2B 27 24 @ D 1% 18
0 §4.B5 40 23 &5 2B 26 249 EE B0 1% 13
21 Ga.07 wi 7 @¥ g6 35 83 B8 &1 @D 19
2 20,68 25 25 24 24 23 oz i1 1 20 Z0
Z 17.25 21 21 20 D 20 20 1% 18 19 19
z4 LL.e3 1 14 14 1% 14 14 12 l& 1% 14

g 5 LUA A9 stolg AZAUN A2 =IIM 22

TG 3/ FEAE FoD ASTEMDLY H1 No.2D fCYCLE 7 ESSOPE VERS:
DETAILED FISSICH Gh% PELEASE
NODAL  FISSTON GAS RETATHED OF GRAIN BOTMDARIES (HOLES/CHI 3100000 ) IN FOEL RING NUNBER:
NODE  BUFHUE 1 z ] g 5 g 7 ] 9 10
- GCED/HTO
TINE= 1442.71 DAYTS BOL AVG BO=  5B,11 SUDSHTU
1 31.13 D o a L 1 1 1 1 i z
F] 34,50 o 1 1 z E] 4 5 5 7 2
] 53,45 o 1 z 4 - B 11 13 1% 13
4 58._E3 D 1 5 & @ 1F 16 1@ 21 23
5 63.315 1 2 4 ? 12 47 22 2§ 29 30
& 66.35 1 F] 5 5 15 =21 27 3z 3I5 37
7 67.77 1 ] 5 10 1% 23 30 35 38 40
& 6856 1 3 & 1L 1B 25 3@ 37 40 4%
] §8.55 1 3 § 1z 18 26 33 3B 42 44
10 §3.0% 1 ] 7 12 o 27 34 I8 &1 43
11 [1:H:E] 1 3 7 13 20 28 34 40 43 45
12 6a.32 1 E] 7 43 20 2@ a5 40 43 45
13 67.50 1 ] 7 12 2o 27 39 aF 12 4%
1% .45 1 1 7 13 1% 4 33 i6 41 43
15 55.31 1 F] 7 4r 1D 25 3 36 40 41
16 63.67 1 E] 6 1z 4B =24 33 35 1@ 33
17 61.51 1 3 5 1L 18 2z 24 3z a5 37
16 59.63 1 d i o 15 a1 a6 o 13 54
10 57_4E 1 3 5 D 14 19 24 1B 41 =z
z0 54,71 1 2 5 B 12 17 21 24 27 =28
z1 51.18 1 z 5 & 10 13 17 0 2z 23
22 T 1 i = = T i0 1z 14 186 17
23 3057 o 1 z z 4 5 5 7 B 3
) 29.13 D o i L 1 1 1 2 E F
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Cladding Oxide Thickness (um)
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Rod Internal Pressure (hPa)
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o
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ke — B (HD
— HE (LUA)
A0

20

y = 0.0329x - 1.3186

[:I 1 1 1
0 100 200 300 400 500

Time (Days)

18 8. LUASH H1 & EHel Al ME W=s& &tst= SH et



Transition Thickness (um)
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EPRIFKWU/CE, ESCORE (thickness) - EPRIKWUICE, ESCORE (time)

3 r - 3500
249 253 |
2.44 3000
25 ¢ #2865.8 e 231 2.38
N o214 7
208 1 2500
2 |
2017.4 -4 2000
15 +
1500
1 L
1000
0.5 I” 500
5.6
0 : ': + f f f f 0

573 583 583 603 613 623 633 643
Metal / Oxide Interface Temperature (K)

18 9. ESCORE Ils& SFARE9 250l IHE &0I&

Transition Time (days)



	분과별 논제 및 발표자

