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Research of Optimization Technology for Equilibrium
Cycle with Gadolinium

Ma Zirong, Su Jian, Zhou Sheng
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Abstract: The design optimization of gadolinium rods is determined by analyzing the fuel
management technology used for equilibrium cycle, and the optimization methods are to raise the
bearing enrichment of the UO,-Gd,0; pellets and loading fully enriched UO, pellets at both ends of
the gadolinium rods. The length of fully enriched UO, pellets at both ends of the gadolinium rods is
determined by analyzing the effects of axial power distribution for different lengths. The bearing
enrichment of the UO,-Gd,0; pellets is also determined by analyzing the effects for fuel economy
and fuel manufacture. The effects of core power distribution when raising the bearing enrichment of
the UO,-Gd,0; pellets and loading fully enriched UO; pellets at both ends of the gadolinium rods
are analyzed individually and systematically. The effects of safety in condition and for
design optimization are analyzed. Safety for the UO,-Gd,0O5 pellets in optimization case has been
confirmed. It is found that the axial power distribution can be improved by loading fully enriched
UO; pellets at both ends of the gadolinium rods, and the maximum local linear power density of
UO;-Gd, 05 pellets under reactivity accidents in condition can be reduced. UO,-Gd,0; pellets is
within the melting limit and the safety margin can be improved by about 5.6% in safety analysis.
The fuel cost can be saved by about 23 million yuan per cycle for each core with gadolinium. Thus,
the optimization method of gadolinium rods design can be used to improve the fuel management for
the operating units.

Key words: Fuel management, Burnable poison, Axial power distribution

: 2020-04-09; : 2020-12-20
1971— E-mail: mazirong@hpr.com.cn



Vol.42. No.3. 2021

0
18
18
[1-2] 1/4 [3]
18 EPR
18 (4] 18 (o7
2
U0,-Gd,05
235
U U0,
354
AP1000
5] SCIENCE
235y
1
365.76 cm 3
20.32 22.86
25.40 cm
1 22.86 cm
5 2351y
2355
3
1
[ ] 4.45%
s e
4.45%
|~ it ‘%-ﬁffﬁ\
Lo
4.45%
a b
1
Fig. 1 Axial Diagram of Optimized Fuel Assemblies
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Tab. 1 Increment of Cycle Lengths
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Tab.3 Comparison of Results in Condition II
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Tab. 4 Key Parameters for Fuel Economy Analysis
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