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Analysis of Steady Behavior
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Abstract: In the latest design of PWR fuel assemblies, urania-gadolinia (UO,-Gd;O;)
fuel is widely adopted as burnable poison to control the initial reactivity and flatten the
power profile in reactor. And the performance of gadolinia doped fuel rods is different
from ordinary fuel rods. In this study, the performance of gadolinia doped fuel rods,
which were tested in BR3 reactor, was analyzed by using the fuel performance code
FRAPCON-3. 5. The results show that the calculated values agree with the experiment
values. In addition, the self-shielding effect of gadolinia doped fuel rods is enhanced at
the initial period of radiation, which has a significant influence on the radial power
distribution of fuel rods. Besides, if the average power density is same, the thermal
conductivity of gadolinia doped fuel is lower which results in higher pellet temperature.
The fission gas release fraction and the deformations of fuel and cladding are different
with the weight fraction of gadolinia in fuel.
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Fig.1 Power histories of four test rods
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Table 1 Fabricated parameters of GD301, GD302, GD701 and GD702 rods
- Hfd
GD301 GD302 GD701 GD702
PR PR B2 s mm 1136.1 1136.1 1136.1 1136.1
OB HE TR BE , mm 1 000. 6 1002 993.9 993
B E  mm 59. 8 58. 4 66. 5 67. 1
APER FRRLE T U0:2-Gdz O UO0:-Gd; Oy U02-Gd; O3 U0:-Gd; Oy
BIUREE . X 3. 483 3.483 3.483 3.483
BEASREE . C 1750 1750 1750 1750
O/U Ji¥ Lk 2.022 2.022 2.055 2. 055
Gd &, % 3 3 7 7
R HTERE (E/F) smm 0.19/0. 25 0.19/0. 25 0.18/0. 24 0.18/0. 24
FALE. % 1.21 1.21
A, mm 8.233 8.235 8. 232 8.233
5  mm 10. 66 10. 65 10. 79 10. 8
W, g/em? 10. 25 10. 27 10. 07 10. 06
f1.5¢ 4k Zry-4 Zry-4 Zry-4 Zry-4
WG N JE - MPa 2.6 2.6 2.6 2.6
M /4ME  mm 8.417/9. 638 8.416/9. 636 8.416/9. 651 8.419/9. 650
L HME . mm 8.15 8. 15 8. 15 8. 15
&)/ 24 HiE, mm 1. 42 1.42 1.42 1.42
V&l %k 12 12 12 12
» I JEJ7 . MPa 14 14 14 14
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Fig. 2 Radial power form factor
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Fig. 3 Peak fuel temperature vs. burnup
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Fig. 4 Fission gas release fraction vs. burnup
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Fig. 5 Rod inner pressure vs. burnup
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Fig. 6 Cladding and pellet radii vs. burnup
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Fig. 7 Axial profile of cladding

permanent hoop strain

8 S GD701 1 GD702 # (1) ¥4 J& n) 7k
ARLEBERRFEM A A . AT & TR S S
(AT A BF o T 7R B A A G B v SRR
ISP =2 S o RP WAL R S S S O S D
Tie) 7 2% iy 22 Oy $7 AL F: B A AR FE RO N R J 1 )i
A 246 X (AR K

9 2 GD301,GD302,GD701 I GD702
2 1 AR il i A R BEASR A 119 22 A L P A 2K iR

JE TR N . ATAE L B T AL R
A ) s el i K AETE — 2% . H
FRAPCON-3. 5 X #R Ll i) i K 9 3155008 55 52
WAL G BUF .

021
HHRE KEE

£ 00 — = GD70I
N - o GD72
B o2l
= .
B —04F &
& -

—0.6F

0 5 10 15

20 25
BREE/(GW-d-tU™)

30 35 40

P 8 JRRH A 1 24 JH 1 iz A2 AR G F) 22 Al

Fig. 8 Cladding average hoop strain vs. burnup
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Fig. 9 Fuel stack axial extension vs. burnup

L BT L LSRR A A 58 2 B
SELE EAURFEIR A L. I AL R R I
AL PR RO NIR R R S U I RPN TR DN

3 4£ig

FIFH FRAPCON-3. 5 2 J¥ % BR3 #E N %
ELIRARMEE 1 20 A A 8 R 0] B P B 45 R 5 5
05 & (L AF A 3847 . FH FRAPCON-3. 5 40 i &
ELIA R (PR RE T 45 th 8 & BRI A 4
B ELRORL SR AL TR B B BR RN, 0 T A
O HAR 1] Ty 853 A7 PR 5 5 1 12 B 28 %5 B A []
BRI A Gd, O 3 B0 BB G R AL
o RRREIR B2 T s A LR RHE 19 EL % 2 2 5
SR SRR BRI A LA KRR A

FEI A o



104 MR FR5 KO B EL OB AR 25 R BRAT S 4 B 1845
S 2% Lk : 541-549.
(1] HMme#E. Gd, O, A BRFJW A2 B 19 & B IR [6] LUCUTA P G, MATZK H S E. HASTINGS 1
[Cl/ hEZ ¥4 2001 4E2E RAE 1B 04, db J. A pragmatic approach to modeling thermal
B E SRS, 2001, conductivity of irradiated UQO, fuel: Review and
(2] BREIWL,.2WE. e sk 40 40 /1 2 L2k B % recommendations[]J]. Journal of Nuclear Materi-
B AL /7 o BB 2 22 2004 4 2% A 2 3838 als, 1996, 232, 166-180.
SC&E. JEE P E B4, 2004, [7] LASSMAN K, O’CARROL C, van der LAAR
(3] wEpfe BV E. HrAn Y it 5 o0 HE N I, et al. The radial distribution of plutonium in
PRRHS BT, 8h )1 T8, 1997,18(2) . 108 high burnup UO, fuels[J]. Journal of Nuclear
112. Materials, 1994, 28. 223-231.
HUANG Jinhua, CHENG Pingdong. New type [8] LASSMAN K, WALKER C T, van der LAAR
burnable poison design and modern in-core fuel J. Extension of the TRANSURANUS burnup
management [ J |. Nuclear Power Engineering, model to heavy water reactor conditions[]].
1997, 18(2) . 108-112(in Chinese). Journal of Nuclear Materials, 1998, 255. 222-
[4] GEELHOOD K J, LUSCHER W G. FRAP- 233.
CON-3.5: A computer code for the calculation of (9] &5, kM. 200 MW it & AL v R B 0 B8
steady-state, thermal-mechanical behavior of ox- [J]. B3h )1 T .1999,20(3) :200-204.
ide fuel rods for high burnup, NUREG/CR- XU Yong., ZHANG Wei. Gadolinia fuel rod in
7022, PNNL-19418, Vol.1 Rev.1[R]. Rich- 200 MW nuclear heating reactor [J]. Nuclear
land: Pacific Northwest National Laboratory, Power Engineering, 1999, 20 (3): 200-204 (in
2014. Chinese).
[5] OHIRA K, ITAGAKI N. Thermal conductivity [10] GEELHOOD K J, LUSCHER W G. FRAP-
measurements of high burnup UQ, pellets and CON-3. 5: Integral assessment, NUREG/CR-

benchmark calculation of fuel center temperature
[C]// Proceedings of the ANS International Top-
ical Meeting on LWR Fuel Performance. Port-
land, OR: Nuclear Fuel Industries Led., 1997

7022, PNNL-19418, Vol. 2 Rev. 1[R]. Rich-
land: Pacific Northwest National Laboratory,

2014.





