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Abstract
In order to study the mixed loading of annular fuel and solid fuel in depth and demonstrate the
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feasibility of using annular fuel in large commercial pressurized water reactor nuclear power
plant, core fuel management is calculated for the long period reactor core of unit 2 of Qinshan
Phase II by the core fuel management package CMS. A core refueling plan is designed to transition
from unit 2 of Qinshan Phase II solid fuel core to full-core annular fuel loading. The core physical
parameters such as cycle length, hot channel factor, hot spot factor and moderator temperature
coefficient of each cycle are calculated and analyzed. The calculation results show that the physical
parameters of each cycle core meet the design requirements, and it can be seen that the solid fuel
core of PWR nuclear power station can be transitioned to the annular fuel core.
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Figure 1. Balanced cycle core loading diagram
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Figure 2. Annular fuel assembly section
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Figure 3. Distribution of gadolinium rods in annular fuel assemblies
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Table 1. Annular fuel assembly number summary
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Figure 4. Core reloading pattern of cycle 1

4. 8 1 R R HE

DOI: 10.12677/nst.2021.92009 77 MR A


https://doi.org/10.12677/nst.2021.92009

7
_

7
p
2 'k

12 04

%

N\

N
N:

08 00

\:O
N *

PSS 1T1T | MBIREEREEN 5.45% AR IRRIE

51T 2 MEIREERES 5 45%HIRFARRIAM

7
// IBAT | MEREEREA 545U AT IMREIE(
A

n | BEE 5AS%EIFIIAMREIEL | n DB Gd 155

Figure 5. Core reloading pattern of cycle 4
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Table 2. Core fuel management calculation results
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AT 1.993 1.990 1.941 1.867
BATIEE &R, pem/C -9.33 -10.14 -10.65 -11.02
K LE, EFPD 509 485 498 495
TEHRKE, MWd/tU 18,770 18,876 19,939 19,820
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Table 3. Reactivity coefficient at BOL-HZP (Critical boron concentration)
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Table 4. Reactivity coefficient at BOL-HZP
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pem/C SO HEL A TR HED SRS ML
2000 ppm -3.68 ~7.93 -10.97 -13.08 -13.03
1500 ppm ~12.44 ~15.98 ~18.95 ~20.56 ~20.63
1000 ppm -21.44 ~24.28 ~26.98 ~28.62 ~28.53
500 ppm -30.69 -32.92 -35.18 -36.36 -36.41
10 ppm -39.98 -41.6 -43.54 -44.33 ~44.44
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Table 5. Fuel average temperature and fuel centerline temperature at BOL-HZP
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Table 6. Fuel centerline temperature at beginning of life
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200% 1573 1540 605 617
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Figure 6. Variation of critical boron concentration with core burnup
6. llm A TR B RS RFE A 1L

4.4. HERHR IS

7 NFFIIMTHE R ARXT DA, [ 8 AR HIRHE AR D, il 7. B 8 WL, BEEIARE
IR HECS (17 D3 T AT ARG P38, TRl v D 3R 00 A 5 SO Ok HE O 35 B B

DOI: 10.12677/nst.2021.92009 80 MR A


https://doi.org/10.12677/nst.2021.92009

RN

48

= IRTEHELS
14 S IRAHES
B s

HE RSl ) A Th

0 50 100 150 200 250 300 350 400
HEBTEE EXO

Figure 7. Distribution of axial relative power at beginning of life
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Figure 8. Distribution of axial relative power at end of life
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