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Development and nuclear characteristic testing of a mobile miniature fission ionization

chamber neutron detector
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Abstract [Background] The miniature fission ionization chamber is a widely used neutron detector for the in-core
neutron flux monitoring of a nuclear reactor. Typically, the in-core neutron flux rate measurement system of a
domestic CPR1000 nuclear power unit adopts a mobile miniature fission ionization chamber as the neutron probe to
measure the neutron flux of the reactor and provide an in-core neutron flux distribution map during the operation.
Therefore, it is an important piece of safety and control equipment for nuclear power plants. [Purpose] This study
aims to develope a mobile miniature fission ionization chamber neutron detector according to the service conditions
and technical requirements of current foreign products. [Methods] The nuclear properties of self-made fission
ionization chamber neutron detector was developed strictly following the national standard GB/T 7164-2022 and the
industry standard NB/T 20215-2013. The gamma sensitivity was tested and compared with a reference commercial
fission detector using a ““Co gamma source. The thermal neutron detection characteristic, including the length and
slope of plateau, the thermal neutron sensitivity and linearity were tested in one test channel of the China Mianyang
Research Reactor (CMRR) with neutron flux from 1x10° n-cm™-s™ to 4x10” n-cm™+s™". [Results & Conclusions]
The test results indicate that "domestic substitution" of this in-core safety product can be achieved, and the nuclear
characteristics of self-developed prototypes are comparable to those of foreign products.
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Fig.1 Structural design of the miniature-fission ionization chamber
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Fig.2 Snapshot of prototype for the mobile miniature-fission
ionization chamber
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Fig.3 Experimental setup for the gamma sensitivity test
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Table 1 Test results of the gamma sensitivity

R Z% Detector 7 LI {E Background vy FELIR SN {E Measured v BN B S E Measured gamma
current value 7,/ 10 A gamma current /, / 10° A sensitivity S,/ 10" A-Gy™"+h™
[ #b 7™ fi Foreign products 2.83 1.92 1.49
H AL #1230 2.42 1.99
Self-developed prototype #2130 2.24 1.92
#3  0.193 2.19 1.97
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Fig.5 Detector plateau curve under a typical neutron flux
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Table 2 Calibration results for the reactor power step

FF5  EEZEEGH Neutron flux Tl AT Estimated BT )% Operation A58 % S Calibration
Index  steps/n-cm”’-s’ thermal power / kW nuclear power / kW steps of neutron flux / n*cm™-s™
1 1x10° 4.87 5 1.08x10°

2 1x10" 49.3 5 9.73x10’

3 1x10" 49.3 50 1.11x10"

4 5%10" 246 250 5.65x10"

5 1x10" 493 500 1.13x10"

6 5x10" 2 460 2500 5.67x10"

7 1x10" 4930 5000 1.13x10"

8 2x10" 9 860 10 000 2.15x10"

9 3.5x10" 19 000 20 000 3.74x10"
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Table 3 Slope test for the prototype detector under a reactor neutron source

BRI 3£ HL Detector prototype

Hf-y3: 5 % Neutron flux 1x10° n-cm™-s™

H1 -3 5% Neutron flux 1x10” n-cm™-s™

R 240 Detector characteristic #9 # # #3

U,/vV 175 175 175 175

U, /V 125 125 125 125

U, ¥4 Plateau length 50 50 50 50

U/v 142 142 142 142

P PPRISNE Measured plateau  8%/100 V 7%/100 V 6%/100 V 6%/100 V
slope / (%/100 V)

PRI ZR (E Required plateau <20%/100 V <20%/100 V <20%/100 V <20%/100 V
slope / (%/100 V)

TE: U K Vi PONEERE, A 100 VT 23 80(%/100 V) 3 UAHER TARRUT, Vs U, JEFa i i s BV S FLIAT N 4, , I BT ) R

J&, V5 U, B2 i r e BV i FRLAL N I, I IR RS, V

Notes: U, is plateau length, V; P_ is plateau slope percentage per 100 V (%/100 V); U is recommended operating voltage, V; U, is

the voltage of beginning plateau, i.e the applied voltage when the output current is /,,, V; U, , is the voltage of ending plateau, i.e the

applied voltage when the output current is /, , V
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Fig.6 Experimental results of linearity test for the prototype
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