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Parameters of manganese bath measurement device
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Abstract [Background] Mn bath method is one of the most commonly used methods to measure the intensity of
radionuclide neutron sources in the world. [Purpose] This study aims to guarantee the accuracy of numerical
transmission and give a reasonable parameter range during the design of manganese bath device. [Methods] First of
all, Monte Carlo N - Particle Transport Code System (MCNP) was employed to calculate the correction factors,
solution concentrations and Mn-bath sphere. Then, a reference device of Mn bath measurement was setup according
to the MCNP calculation results, and applied to the measurement of 12 neutron sources located in the standard of
thermal neutron fluence rate with International Comparison of neutron sources. [Results] Simulation results show
higher ratio of total neutron absorption and manganese neutron capture is obtained when the solution concentration is
17.3%~38.6% in which the uncertainty of neutron-escaping and section ratio is reduced, and the radius of Mn-bath
sphere is 45~60 cm in which the volume specific activity of solution is increased and neutron-escaping is decreased.
When the number of input particles is up to 100 000, the values of correction factors remain stable, hence the
statistical fluctuation can be ignored. The international comparison of neutron sources for the measurement of 12
neutron sources indicates consistent results with the reference values within the uncertainty range. [Conclusions] The

parameters range of this study provides an effective reference for the establishment of Mn bath device in the future.
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Table 1 Structure and material parameters of manganese bath based on MCNP

4544 Structure 1k} Material 2 J% Density / g-ecm ° JS & Thickness / cm
BRJE &L Mn bath sphere MnSO, ¥ MnSO, solution 1.239 4 —
£ 4h5E Mn bath shell 316L AN4547 Stainless steel (316L) 7.93 0.4
VB 13 7% Source positioning device 316L AN454K Stainless steel (316L) 7.93 0.1
Ve A A 5 Air 0.001 29 -
Cavity of source positioning container
Y5 £35¢ Source cladding 304 ANE54X Stainless steel (304) 8 0.25
Al Al sheet Al 2.698 9 0.1
FF-¥Ji Neutron source * Am-Be " -¥Ji **' Am-Be source 1.1 —
Air
MnSO, Solution
Al Sheet
Source Cladding
Mn Bath Shell Neutron Source

2 MCNP B AR ) LT R R
Fig.2 Schematic diagram of Mn bath geometric model by MCNP
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Table 3 Full uncertainty budget for NIM measurement

b/ AN E FE R RE waRi] AN E FE A i EALit]
Source Uncertainty / %  Sensitivity Distribution Component / % Type
MR Detection efficiency 0.64 1 1EZS Normal 0.64 B
¥ Gt Counting statistical 0.11 1 1E4 Normal 0.11 A
AR JEAZ IE Background correction 0.31 0.016 1EZ Normal 0.01 A
it ¥ Leakage 7.75 0.009 %57 Rectangular ~ 0.04 B
O.Sf#3k 0 and S capture 20.12 0.021 %5 ¥ Rectangular  0.24 B
VEANE I IR Source and cavity capture  5.09 0.021 %FJ¥ Rectangular  0.06 B
“Mn [ AR 3R 0.35 1 1E# Normal 0.35 B
Thermal neutrons captured by *Mn

B AR HEAH 52 FE Combined standard uncertainty / % 0.78

¥ B AN %€ F¥ (k=2) Expanded uncertainty (k=2) / % 1.56
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R4 12#*"Am-Be A TRMNELR
Table 4 The measurement results of 12 **Am-Be

A TR) M &5 2R ANH T
Source number Measurement result / 10”s ' Uncertainty / %
S020/19 1.168 0.80
S013/19 1.168 0.80
S017/19 1.166 0.80
S021/19 1.172 0.80
S019/19 1.166 0.80
S016/19 1.169 0.80
S015/19 1.165 0.80
S014/19 1.172 0.80
S018/19 1.174 0.80
S023/19 1.178 0.80
S024/19 1.180 0.80
S022/19 1.177 0.80

T 2 A8 2019.05.22

Note: Reference time was 22/05/2019
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