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Abstract

Self-powered neutron detector (SPND) is being widely used to monitor the reactor core of the nuclear power plants. The SPND con-

tains a neutron-sensitive metallic emitter surrounded by a ceramic insulator. Currently, the vanadium (V) SPND has been being devel-
oped to be used in OPR1000 nuclear power plants. Some Monte Carlo simulations were accomplished to calculate the initial sensitivity
of vanadium emitter material and alumina insulator with a cylindrical geometry. An MCNP code was used to simulate some factors
(neutron self-shielding factor and beta escape probability from the emitter) and space charge effect of an insulator necessary to calculate

the sensitivity of vanadium detector. The simulation results were compared with some theoretical and experimental values. The method
presented here can be used to analyze the optimum design of the vanadium SPND and contribute to the development of TMI (Top-
mount In-core Instrumentation) which might be used in the SMART and SMR.
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Calculation of Initial Sensitivity for Vanadium Self-Powered Neutron Detector (SPND) using Monte Carlo Method
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3. Monte Carlo Simulation
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Table 1. Specifications of vanadium SPND

Part of . Density Length  Radius
Material .
SPND (g/cm’) (cm) (cm)
Emitter V-51 6.1 40 0.0565
Insulator AlLO; 1.9 40 0.1015
Sheath Inconel-600 8.44 40 0.1295
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Fig. 1. Neutron cross section of vanadium-51.
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