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Abstract  [Background] Small rod-controlled pressurized water reactors have foregone the use of soluble boron
and heavily rely on control rods and burnable poison rods for reactor control. [Purpoese] This study aims to explore
the influence of control rods on the key performance metrics of a long-term small rod-controlled pressurized water
reactor. [Methods] First, a KLT-40 reactor used for nuclear icebreakers was taken as research object, and a critical
rod position-search burnup code was developed based on OpenMC. Then, the core lifetime and other indicators such
as the axial power offset, fuel utilization, and radial power peak factor, were compared between with and without the
designed control rods for the design and analysis of the control rod layout of KLT-40 reactor. Finally, the influence of

different move-in/out strategies on axial power offset was analyzed. [Results] The core lifetime can be extended from
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590 effective full power days (EFPDs) to 650~698 EFPDs with the designed control rods. Adopting a strategy of

prioritizing the movement of low-value rod groups effectively reduces the axial power offset, with values of —0.69

and +0.8 decreasing to —0.29 and +0.52, respectively. [Conclusions] The control rod burnup calculation strategy

adopted to accurately calculate the core lifetime of small rod-controlled pressurized water reactors can effectively

reduce the axial power offset by using a reasonable move-in/out strategy.
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Table 1 Core parameters
Z 4 Parameter #{E Value
T3 Power 100 MWt (for 1/4 core is 25 MWt)

PR /% & Fuel component/ density

T PREEY) A B/ % FE Burnable poison component/ density
WRRL LS 25 Fuel load

TRL R ] R EE D A7 i e AR

Fuel rod/ Burnable rod/ control rod inner radius

TR F /AT PR P4 ) e 0, 5 S

Fuel rod/ Burnable rod/ control rod cladding thickness
RRLER /T PR EE /A ) s e AR

Fuel rod/ Burnable rod/ control rod cladding materials
WRELEE 47/ EE Fuel rod outer radius/ pitch

A A HME/ A 0 B Assembly outer radius/ pitch
A5 R R JE Assembly cladding materials/ thickness
2 4£.71 Moderator

HEXE PE X 51 Core active height

HEE52144% Core radius

246515 E Moderator temperature

90wt% U+10wt% Zr/4.95 g-cm™
22.92wt% Gd,0,+77.08wt% Z1/6.83 g-cm™
805.14 kg (for 1/4 core is 201.285 kg)

0.23 cm/0.23 ¢cm/0.26 cm

0.06 cm/0.06 cm/0.03 cm
Zr/Zr/06Cr18Nil0Ti

0.58 cm/0.7 cm
6 cm/7.2 cm
Zr/0.15 cm

Guide Tube

Control Rod

Burnable Poison Rod

Fuel
" Assembly
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Fig.1 Layout of core arrangement
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Fig.2 Partitioning of radial (a) and axial (b) burnup zones
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Table 2 Typical macro neutron-absorption cross sections of control rod materials (E=0.025 3 eV)

e PR TR L]
Material Macro thermal neutron-absorption cross section / cm™
EKER % Dy, TiO, 35.25

itk (20% & £ "B) HIB, (20wo ""B)
FAAbEE Bu,0,

WAL B,C

WL ES (80% & £E 1% °B) HIB, (80wo “B)

54.91

116.54
202.67
210.05

030604-4



AR TN R K HE P ) B T ST T

®3 REMSEHENGBNE

Table 3 Reactivity and initial value of the control rod

ZH S AR
Parameter Reactivity or value / 107
WIURTE A R 33 146

Initial excess reactivity

WIS (ARO) 15 810

Initial reactivity (ARO)

BRI {4 Value of the Dy, TiO;, 17 037

bR (20% & R "B E 19 796

Value of the HfB, (20wo-""B)

AL Value of the Eu,0, 20 463
BALTIAN {H Value of the B,C 22945

b5 (80% & R B E 23277

Value of the HfB, (80wo-'""B)

*4 BRAMEHEANVIGBIRTNE

Table 4 Initial integral value of maximum value groups
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Material Maximum value group / 107
EKER % Dy, TiO, R2/1 887

TILAS (20% = S “B) R2/2 063

HIfB, (20wo 'B)

A 4b46 Eu0, R2/2 132

WAL B,C R2/2 323

Wk 55 (80% & 4EFF °B) R2/2 328

HfB, (80wo "B)

ARO — Dy, TiOs
EU203 - B.;C

HfB,-20wo''B

1.20F HfB>-80wo''B
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110}
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Fig.5 Variation of control rod value with burnup
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Fig.11 Comparison of FU distribution between ARO mode (a) and control rod operation mode (b) at 290 d
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Table 5 Move-in/out strategy and material selection

R Bt kg PR R EHFENE

Case Move-in/out strategy Control rod material Control rod value / 107
LRy 2 RASEH BN A R4 Al R4 AH+R Y
Group A Group R Group A Group R GroupA  GroupR  Group A+R
prioritized move  prioritized move

1 N x HfB,(80wo-'""B) HfB,(80wo-'""B) 9727 7 545 19 835

2 X N HfB,(80wo-'""B) HIB,(80wo-'""B) 9727 7 545 19 835

3 N x HfB,(80wo-'""B) Eu,0, 9727 6714 18 957

4 x N HfB,(80wo-""B) Eu,0, 9727 6714 18 957

5 N x HfB,(80wo-'""B) HIB,(20wo-'""B) 9727 6 543 18 581

6 x N HfB,(80wo-'""B) HIB,(20wo-'""B) 9727 6 543 18 581

7 N x HfB,(80wo-'""B) Dy, TiOj 9727 5884 17771

8 x N HfB,(80wo-'""B) Dy, TiOj 9727 5884 17771
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