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Layout design and physical effect analysis of control rod in PB-FHR

YU Shihe YANRui JIRuimin ZHOU Bo LIU Yafen ZOU Yang
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)

Abstract [Background] Reactivity control design is a key part of reactor neutronics design. The control-rods made

of B,C-absorber for reactivity control in pebble bed-fluoride-salt-cooled high-temperature reactor (PB-FHR) are

located in the hole of side graphite. The space layout, geometric structure, absorber properties are the key influencing

factors to the reactivity control. [Purpose] This study aims at the influence of different factors of the control rod in

graphite reflection layer on control rod worth, including radial position, effective stroke, absorber length, absorber

density, etc. [Methods] The 10-MW thorium molten salt reactor-solid fuel (TMSR-SF1) model was taken as the

reference reactor, and the calculation was completed based on SCALEG6. All above mentioned factors such as radial

position, effective stroke, absorber length and absorber density, were taken into account for parameters design.

[Results] Computational results reveal that radial position of the control rod has obvious impact on control rod worth.

The absorber length, the upper limit, lower limit and overflow lower limit of the control rod that lead to the change in

worth, should be considered comprehensively. The influence of '°B atomic density on control rod worth was

negligible. [Conclusion] This study provides basic theoretical reference for the design of PB-FHR reactivity control.
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Fig.1 Schematic diagram of TMSR-SF1.
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Table 1 Varying of control rod worth of different radial

distances.
(el EHME Zl
Radial position Control rod worth Difference
/cm /107 /107
78.0 16206 1856
79.0 15254 904
79.5 14 833 483
80.0 14350 0
80.5 13913 —437
81.0 13515 —835
82.0 12733 —-1617
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Table 2 ke under different control rod upper positions.

NG Kefr Z{H

Insert depth / cm Difference / 10~
5 1.110 96 0

15 1.110 85 11

25 1.109 95 101

35 1.109 08 188

45 1.106 39 457

55 1.102 96 300

65 1.099 78 1118
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Table 3 ke under different control rod lower positions.

FNIRE Ketr P

Insert depth / cm Difference / 10~
0 0.958 12 0

10 0.956 74 138

30 0.956 59 153

40 0.955 48 264
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Table 4 Control rod worth under different control rod insertion limit positions.

MRS AA A JEE IEH AL B H RN E PR 4G 10 e MEARALAE HRIR A 20 em ARG (E

Absorber length / cm Control rod worth of normal Worth change of limit Worth change of limit
position / 107 interpolation 10 cm / 107 interpolation 20 cm / 107

180 12394 —686 -1518

200 13 630 =537 —1164

220 14 167 —190 —573

230 14330 —144 -300

240 14350 =37 —188

250 14 400 —34 —-108

T IEHEALEE R RO, PR TR LA N RO F (AR T R Sm N AT 5

Note: The normal position is the control rod lower position, take the control rod lower position as zero.
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Fig.2 Schematic diagram of TMSR-SF1 control rod segment
and non-segmentation.
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Table 5 Control rod worth of under different control rod absorber internal diameter.

W AR A AR W A B P PE RN A 78
Absorption diameter / cm Absorber thickness / cm Control rod worth / 107 Difference / 10~
6.0 2.25 14 350 0

7.0 L.75 14308 —42

7.5 1.50 14 285 —65

8.0 1.25 14 246 -104

8.5 1.00 14 160 —-190

9.0 0.75 14104 —246

9.5 0.50 13958 -392

10.0 0.25 13 708 —642
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0% NP T P 1 B S O 3 [ M B WA B e 7 | T g 1
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T [ R ] A, SR SR AR, SREL
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Table 6 Control rod worth under different B,C density.

B,C # & Pl B e ZH

B,C density / g.em ™ Control rod worth  Difference / 10~
/107

1.7 14350 0

1.8 14 408 58

2.0 14450 100

22 14 475 125

2.4 14 487 137

2.6 14512 161

AT, 1.7 gem” 1 BC BE A,
B,C HEARA 0.1 gem, 56 M E LAk
60x107°, WUSRSES FERIR, 55 AR 1b 5 4% il B 47y
EAEN, X R TEREHENXE, -7
HOSEAR, R0 B,C M, XEhlEE
PRI EE . 1ERG BN L 1 M RESE TR
RO, $em ByC 1% ] B 75 B0 A

7 N BCEEE 1T gem BT, NFE
B AR EHIENETE . TR, EIRE
ERE X, WIRARINE BaC & R RE 18%fir, A%
"B B RHERIBRME RN, B HEEAEL
1%, FZEHIBEMEZLILT 107, RRFERENER 1
FE X, "B MR THECLRKA, TTiEE
LMK, H/MESEE B S48, SN EL
RN

EEEE B S E Rk R, (EIF
REZE, EERAEEEE B 1156 T ERE
HRAE .
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Table 7 Control rod worth under different 1°B

enrichment.

"B EHERE PEHI AN E Zl

198 enrichment Control rod worth ~ Difference

/% /107 /107

15 14330 -20

17 14 338 -12

18 14 350 0

20 14 427 77

40 14 656 306

60 14 816 465
4 Z5IE
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PR EAR L LT 107,
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