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Development of MOX Fueled Core Analysis Code Based
on the Refined Analytic Function Expansion Nodal Method

& %

YR A =4 TREF 949 52 d34A F5 9udor Ad AAwHTA
A TN ARl FA4% A Heldde e old w4 el AYE Fd
AeatA AN F Q== 7] AwE NE AFENSES 7tez Egads =4 84 2=g
sk e =4 B ZEE VEAe SRS AR FE oo AaATE A% dAn
=R TR v Aoy Rdes RS SISl T3 A H Y B ok Al
& o' Atast 22 oA Ves AFLEE Sl ol =4 N s nigoer v
HAF7F G- NEACRP-L336% A9 dA Ad4oz Sd5s 93 345719 dsted AZ A
A FAste] fEbEARE AMESE RS Ao dalM e Ve A =] AgeE &
Aeta EFAdAmst 4d® NEACRP-L336E Al disirds Aswrb Fd=odch =g
NEACRP C1 Aol tjg oAt A3 7jegkat & 24k glo] HolAlit 7lse] #sds =9l
skl

Abstract

Since the plutonium isotopes have a relatively high thermal neutron absorption cross
sections, the spatial thermal neutron transient occurs at the interface between MOX and UO:
fuel assemblies. In order to predict the spatial thermal neutron transient accurately, the reactor
core analysis code, NUREC (Nuclear Reactor Analysis Code), has been developed especially
for MOX fueled core analysis based on the refined-AFEN method. In addition to the basic
neutron flux calculation module, burnup correction model and heterogeneous control rod model
are also incorporated in the NUREC. The NUREC can perform the transient calculation such
as rod ejection accident as well as the steady-state calculation. The NUREC was verified
against the NEACRP-L336 MOX benchmark problem and the experimental value of
YeongKwang Unit 3&4. The accuracy of the calculated results with NUREC was similar to
those of design code for YeongKwang Unit 3&4 loaded with only UO: fuel and was improved
for the NEACRP-L336 MOX benchmark problem. The transient calculation capability of the
NUREC was also tested against the NEACRP C1 problem without large discrepancy.
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¥ 1. 9% 3357, 457] AojE7t vu(gdE=9)

Plant/ Bank S| A o=k Plant/ Bank A% 2k =}

Cycle (pcm) | (NEM) | (NUREC) || Cycle (pcm) [(NEM)| (NUREC)
1 927.0 -4.6 =-2.7 1 908.6 | -2.0 -14
5 370.6 -125 -125 5 3476 | -6.0 -6.6

Y3C1| 4 523.3 -3.1 -3.8 Y4C1 4 507.1 | -2.2 -19
3 746.3 -15 =-2.7 3 7395 | -1.1 -14
2 820.0 1.2 0.5 2 799.5 3.9 34
1 987.4 -0.6 -16 1 1016.0 | -3.3 -4.0
5 382.9 1.5 1.2 5 403.1 | -3.8 -6.3

Y3C2| 4 4139 1.8 2.1 Y4C2 4 4269 | -1.6 -1.3
3 454.5 -09 -0.8 3 4696 | -0.6 -0.6
2 713.9 -2.1 -2.3 2 752.8 | -2.3 -24
1 876.3 -0.5 -0.6 1 883 | -1.3 -1.7
5 227.8 14.2 14.3 5 263.1 | -3.2 -3.2

Y3C3| 4 476.2 2.6 2.3 Y4C3 4 5164 | -4.2 -4.1
3 4735 3.3 3.8 3 521.0 | -1.8 -2.1
2 659.3 2.5 2.6 2 6774 | -2.1 -2.6
1 671.3 -0.5 -0.6 1 883.0 | -3.3 -4.3
5 413.6 1.3 2.5 5 4288 | -34 -3.4

Y3C4 | 4 471.6 -14 -25 Y4C4 4 4430 | -24 -2.7
3 3275 2.1 2.3 3 3365 | -39 -2.8
2 568.3 -3.1 -3.1 2 614.2 | -39 -3.1

v = Max. Error(%) | RMS Error(%)

NEM 14.2 43
NUREC 14.3 43




Plant Cycle A A 2 2H(NUREC) | 2 AH(NEM)
1 1117.4 13.2 16.5
YGN3 2 1204.4 22.9 21.7
3 1377.6 17.8 175
4 1596.2 21.3 20.4
Plant Cycle A A 2 2H(NUREC) | 2 x-(NEM)
1 1113.4 10.9 11.7
YGN4 2 1181.4 4.1 3.2
3 1393.8 26.7 26.2
4 1576.8 73 7.0
v Errlc\)/i?gf)m) RMS Error(ppm)
NEM 26.2 17.1
NUREC 26.7 174
2 ZHppm) = AALX] - =H X

F 3.9% 3571, 457 @EH 4A s =CIEAAE A

Plant Cycle =43 S ZHNUREC) | & 2HNEM)
1 978.5 -88.4 -83.5
YGN3 2 1108.0 17.0 22.0
3 12825 11.0 95
4 15124 21.6 14.6
Plant Cycle =43 S ZHNUREC) | & 2HNEM)
1 839.0 -84 19.6
YGN4 2 1077.0 6.4 13.0
3 1297.9 23.7 10.1
4 1477.1 1.6 49
Max.
v ax RMS Error(ppm)
Error(ppm)
NEM 835 325
NUREC* -88.4 34.2

2 ZHppm) = AEA - FAA




¥ 4. NEACRP Cl&A o] 3k A4z

NUREC PANTHER

Critical boron concentration at

1125.88 1128.29
steady-state
Ejectied rod worth(pcm) 945.18 949.09
Maximum power (%) 470.36 441.12
Time at maximum power(sec) 0.277 0.273
Power at 5 sec 15.6 14.60




X
| v
I il
| /
| g
7
//
f fg”
A B >
y
fo fe |
29 1 §WA wE TE
FE e A 2 2} pem)
REFERENCE 0.93816 -
NEM(4Box/assem) 0.93768 -48
NUREC(1Box/assem) 0.93807 -9
1.3568 1.0831
UX PX 0.722 -0.415 R
0.302 -0.212
1.0831 0.4770
PX UX -0.415 -0.168 R
-0.212 -0.105
R R R R R
UX : $ggdds Ref. Power
PX : &% ddAg NEM  (%Diff)
R HEAL A NUREC(%Diff)
% Diff = (Calculated Value - Reference)/Reference * 100

713 2. NEACRP L1336 C5 A A4t 43
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