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INTRODUCTION: In the fuel debris removal process 
of Fukushima Daiichi nuclear power plant, subcriticality 
monitoring system should be equipped to prevent crit-
cality accident. For this purpose, International Research 
Institute for nuclear Decommissioning (IRID) is devel-
oping criticality control techniques for fuel debris remov-
al based on neutron noise analysis using Feynman-alpha 
method or Rossi-alpha method. Prototype of the 
sub-criticality monitoring system was tested to verify 
applicability on various sub-criticality measurement con-
ditions.
For this measurement, a small neutron detector based on 
a SiC with boron coated film is one of the candidates at 
Fukushima because of its toughness against gamma-ray 
and neutron radiation exposure and low detection effi-
ciency for gamma-ray. We are also developing a data 
transfer system from this SiC neutron detector to data 
acquisition system which is placed at outside of a reactor 
vessel by a specially designed optical fiber with high re-
sistance against radiation. In this research, we used this 
new data transfer system to measure subcriticality. 

EXPERIMENTS:  Experiment was carried out at 
KUCA solid moderated core, B-core, as shown in Fig.1 
whose fuel assemblies were 3/8”p36EU with relatively 
soft neutron spectrum. The fuel coupon plates were 
sandwiched with polyethylene plates and assemblies 
were surrounded by polyethylene reflector to simulate 
water. This core was in subcritical state with low sub-
criticality with Cf-252 neutron source inserted in a fuel 
assembly. Data transfer system is illustrated in Fig.2. 
Boron-lined neutron detector was inserted in a periphery
fuel region whose neutron detection analog signal was 
transfer pre-amplifier and then a data sender system by a 
co-axial cable. In the data sender system, analog signal 
was changed to optical digital signal and it was trans-
ferred to the data receiver system located at outside of the 
reactor room by a thin and long quartz optical fiber cable. 
Then digital data was changed to analog data in the data 
receiver system and finally neutron detection time whose 
time bin was 1 micro-second was transferred to PC by 
USB cable and stored in PC. 

DATA ANALYSIS: Neutron detection time stamp data 
stored in PC whose time unit was 1 s were analyzed by 
the neutron noise analysis methods, Feynman-alpha 

method and Rossi-alpha method. 

Fig.1 Core configuration

Fig.2 Data transfer system  

Table 1 Experimental results
Subcriticality 
(%dk/k)

Calculated 
Alpha (s-1)

Experimental
Alpha (s-1)

1.08 382 405 2 
1.38 442 468 2 
1.60 487 511 2 
1.90 547 590 2 
2.11 588 656 2 

RESULTS:  Results of Feynman-alpha method are 
shown in Table 1, where prompt neutron decay constants 
(alpha value) in various subcriticalities are listed. It is 
found that alpha value is close to calculated values in 
near critical state. 
We continue to develop this data transfer system based of 
optical fiber combined with a SiC neutron detector for 
future usage. 
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Subcriticality measurement by using a small neutron detector (4) 

T. Misawa, Y. Kitamura and T. Takahashi

INTRODUCTION: Subcriticality monitoring system 
has to be used to detect criticality approach for each step 
of debris removal in Fukushima Daiichi nuclear power 
plant. For this purpose, International Research Institute 
for nuclear Decommissioning (IRID) is developing criti-
cality control techniques for fuel debris removal based on 
neutron noise analysis using Feynman-alpha method. A 
prototype of the sub-criticality monitoring system was 
tested to verify applicability on various sub-criticality 
measurement conditions. 
For this measurement, a small neutron detector based on 
a SiC with boron coated film is one of the candidates at 
Fukushima because of its toughness against gamma-ray 
and neutron radiation exposure and low detection effi-
ciency for gamma-ray. We are also developing a data 
transfer system from this SiC neutron detector to data 
acquisition system which is placed at outside of a reactor 
vessel by a specially designed optical fiber with high re-
sistance against radiation. In this research, we used this 
new data transfer system to confirm the availability for 
subcriticality measurement. 

EXPERIMENTS: Experiment was carried out at 
KUCA solid moderated core, B-core whose fuel assem-
blies were 3/8”p36EU. Data transfer system is illustrated 
in Fig.1. Boron-lined neutron detector was inserted in a
periphery fuel region whose neutron detection analog 
signal was transfer pre-amplifier and then a data sender 
system by a co-axial cable. In the data sender system, 
analog signal was changed to optical digital signal and it 
was transferred to the data receiver system located at out-
side of the reactor room by a thin and long quartz optical 
fiber cable. Then digital data was changed to analog data 
in the data receiver system and finally neutron detection 
time whose time bin was 1 micro-second was transferred 
to PC by USB cable and stored in PC. 
In the previous year experiments, unexpected noise signal 
sometimes appeared, for example once in 5 minute, in 
accumulated data, which cause inaccurate subcriticality 
results. This unexpected data transfer may be caused 
from data transfer system, however, we cannot clear up 
this phenomena up to the present time. 
To remove those unexpected noise signal, we divided 
time stamp data into several part, and each time period 

data was analyzed by the neutron noise analysis methods, 
Feynman-alpha method and Rossi-alpha method.  Then, 
we compared those results to confirm existence of noise 
signal.   

Fig.1 Data transfer system

Fig.2 Rossi-alpha results by dividing time stamp data

RESULTS: The results are shown in Fig. 2 for Ros-
si-alpha method after removing unexpected time stamp 
data. By using this data dividing technique, it is possi-
ble to remove unexpected noise signal data. 
We continue to improve this data transfer system based of 
optical fiber combined with a SiC neutron detector for 
future usage. 
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