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1. Introduction 

 

Nuclear Material Accountancy (NMA) is 

essentially important in nuclear safeguards. Last 50 

years, thermal neutron measurement system has been 

used as representative method. However, He-3 that is 

needed for detection of thermal neutrons became an 

uneconomical as demand increased. As a result, fast 

neutron detection has been focused as a substitutive 

technique. In this research, we compared relative 

assay uncertainty between thermal and fast system 

according to 240Pu mass and measurement time. Also 

fission informative characteristics of prompt neutrons 

were investigated by using Monte Carlo simulation 

with an advanced fission generators. 

 

2. Comparison of Relative Assay Uncertainty 

 

2.1 ASNC vs. Fast Neutron Detector 

 

ACP Safeguards Neutron Counter (ASNC) is a 

He-3 gas proportional counters for thermal neutron 

detection developed by KAERI in 2016 [1]. In case 

of ASNC, neutron moderation mechanism is 

necessary prior to detection, so that high neutron 

detection efficiency can be achieved. However useful 

information of fission; such as emission angle of 

correlated neutrons, initial energy, contained in 

prompt neutrons is not available because of 

thermalisation. 

On the other hand, fast neutron detection is based 

on organic scintillators that enable detection of heavy 

charged particles produced with neutron elastic 

scattering. Fast system has two major advantages, for 

example, fission information acquisition from prompt 

neutrons and low random uncertainty in coincidence 

counting. However, there is no commercialized 

model to which fast system is completely applied. 

The reason is that lower detection efficiency and high 

gamma sensitivity are intrinsic challenges in fast 

neutron measurement.  

 

2.2 Relative Assay Uncertainty 

 

It is substantial to verify and decrease 

measurement uncertainty in NMA, because it is a key 

parameter through which reliability can be evaluated. 

The relative assay uncertainty is described below [1]. 
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2.3 Simulated Results 

 

Relative assay uncertainty according to 240Pu mass 

and measurement time is estimated for ASNC and a 

fast neutron detector which KAERI has been 

currently developing. Time bin for coincidence is 

assumed as 64 s and 50 ns for both system 

respectively. The result is shown in Fig. 1.  
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Fig. 1. Relative assay uncertainty of ASNC and the fast 

neutron detector. 

 

It is confirmed that the fast system showed lower 

relative assay uncertainty compared to ASNC for 
240Pu mass over several hundred grams. This is 

because, in case of sufficiently high neutron rate of 

source, statistical uncertainty relevant to detection 

efficiency is increasingly negligible but random 

uncertainty corresponding to the time bin of 

coincidence becomes significant.  

 

3. Angular Characteristics of Fission Neutrons. 

 

The angular characteristics of fission neutrons are 

fundamentally dependent on angular momentum of 

fission fragments and species of radioactive isotopes 

[2]. We simulated angular distribution of prompt 

neutrons from six special nuclear materials (SNMs), 

e.g., 238U, 238Pu, 240Pu, 242Pu, 244Cm, 252Cf, and 

dependence on neutron energy thresholds as well.  

 

 
 

Fig. 2. Prompt neutron angular distributions according to 

the 6 SNMs and neutron energy thresholds. 

It is confirmed that neutrons of same fission 

generation tend to be emitted into identical or 

opposite direction. Also the tendency is dependent on 

radioactive isotopes, and neutron energy thresholds.  

Fission Reaction Event Yield Algorithm (FREYA 

2.0.4) is compiled independently, and FREYA-

integrated MCNP6.2 is used with PTRAC option. 

 

4. Conclusion 

 

Nuclear material accounting and verification of its 

reliability have critical importance in nuclear safe-

guards. In this research, relative assay uncertainty of 

both thermal and fast neutron detectors are calculated 

and compared. The fast system showed overall 

comparable performance to the conventional system, 

even better precision for larger sample mass. Also 

the angular characteristics of fission neutrons are 

confirmed by using Monte Carlo simulation with 

FREYA fission generator. Experimental comparison 

and mathematical approaches will be investigated to 

design a prototype and to verify practical appli-

cability of the angular characteristics on NMA model 

in the future research. Consequently this will be 

contributive to IAEA safeguards impregnability. 
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