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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 1 s were analyzed by
the neutron noise analysis methods, Feynman-alpha

Subcriticality measurement by using a small neutron detector (3)

method and Rossi-alpha method.
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Table 1 Experimental results.
Subcriticality | Calculated Experimental
(%odk/k) Alpha (s) Alpha (s

1.08 382 405+£2

1.38 442 468+E2

1.60 487 511%2

1.90 547 590+2

2.11 588 6562
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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INTRODUCTION: In the last study, a neutron detector
located about 55 cm away of fuel assembly measured the
auto power spectral density. However, the prompt neutron
decay constants obtained by this detector was different
from that of other detectors. The objective of this study is
experimental study of reactor noise analysis by the power
spectrum method using neutron detector placed outside
reactor core.

EXPERIMENTS: The core configuration is shown in
Fig. 1. “F” is test zone fuel assembly. “D” is a driver fuel
assembly. “G” is graphite reflector. Yellow cell is poly-
ethylene reflector. “1” to “6” are BF3 proportional neu-
tron counter positions. The dimensions these counters are
1.0 in. diameter and 15.47 in. length. The distance from
core region to detector positions “1” and “2” are about
15cm, that to detector position “3” is about 20cm, that to
detector position “4” is 35cm, that to detector position
“5” is 55cm, that to detector position “6” is about 75cm.
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Fig. 1 Core configuration.
(B7/4°G2/8”p8EU(3)+3/8”p38EU)
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Reactor noise analysis by power spectrum method was
performed in the critical state of suitable reactor power
for each detector position. The reactor power during
measurement was adjusted so that the count rate of each
detector was about 3,000[cps].

RESULTS: The auto power spectral densities and cross
power densities by detector position ”3” to “6” are shown
in Fig. 2 and Fig, 3. These figures also include least
squares fits of a conventional formula [1] to the spectral
densities to determine the prompt neutron decay constant
oo (Best/A), where the fitting was confined to a frequency
range from 2.5 to 100 Hz or 2.5 to 50 Hz. The prompt
neutron decay constant obtained by the detectors “3” and
“4” were the same within the error range. However, the
decay constant obtained by detector “5” and “6” were
very different. In the future, it is necessary to improve the
fitting formula and reexamine the analysis frequency
range of power spectrum method.
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REFERENCES:

[1] M. M. R. Williams, Random Processes in Nuclear
Reactors, (Pergamon Press, Oxford,1974), section 3.6.
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INTRODUCTION: The Japan Atomic Energy Agency
(JAEA) started the Research and Development (R&D) to
improve nuclear prediction techniques for High Temper-
ature Gas-cooled Reactors (HTGRs) in 2018. The objec-
tives are to introduce the generalized bias factor method
to avoid full mock-up experiment for the first commercial
HTGR and to improve neutron instrumentation system by
virtue of the particular characteristics due to a graphite
moderation system. For this end, we composed
B7/4°G2/8”p8EU(3)+3/8”p38EU in the B-rack of Kyoto
University Critical Assembly (KUCA) in 2021.

EXPERIMENTS: The core configuration is shown in
Fig.1. The objective is to cover the characteristics of
commercial HTGR with relatively high enriched fuel.
The Gas Turbine High Temperature Reactor 300
(GTHTR300) employs 14wt% enriched uranium fuel to
achieve high bur-up of 120GWd/t. The core of
B7/4°G2/8”p8EUNU+3/8”p38EU composed in 2018 has
the fuel assembly averaged enrichment of which is
5.41wt% to realize a characteristics of High Temperature
Engineering Test Reactor (HTTR). The characteristics of
GTHTR300 are expected to be evaluated by the interpo-
lation of the characteristics of the two cores from the
viewpoint of generalized bias factor method because the
present core is composed of only highly enriched urani-
um plate.

Detector moving path
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Fig. 1 Core configuration.

To demonstrate the power distribution measure-
ment system from ex-core detector which have
been developed by JAEA[1], not only a noise
analysis, which was performed by the detector
expressed by a dot mark in Fig. 1, but also neu-
tron detector signals measurement by a moving

ere performed.

detector as shoviln in Fig. E W l
S 5Ll

\

Fig.2 Moving detector system.

RESULTS: The spectrum of the core is compared with
that of GTHTR300 in Fig.3. The Maxwell peak is suc-

cessfully realized and close sensitivity is expected.
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Fig.3 Neutron spectrum.

The moving detector system is expected to demonstrate a
power distribution measurement from ex-core detector.
By virtue of a long neutron flight path of a graphite mod-
eration system, the power distribution can be evaluated
by inverse analysis with measurement data by moving
detector system. The feasibility was already proved by a
numerical simulation in HTTR geometry [1]. The detec-
tor signals along with the moving path illustrated in Fig.1
are shown in Fig. 4. The detector moves 1m stroke by 87
sec. The expected detector signals were obtained com-
pared with calculation result by MVP code.
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Fig.4 Neutron detector signals
Reference:

[1] Y. Fukaya, S. Okita, S. Nakagawa, et al., “Computed to-
mography neutron detector system to observe power distribu-
tion in a core with long neutron flight path,” Ann. Nucl. Enegy
168, pp.108911_1-108911_7,(2022).
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INTRODUCTION: The reactor noise methods can
measure the subcriticality without additional instruments.
International Research Institute for Nuclear Decommis-
sioning (IRID) is developing the monitoring subcriticality
system based on the reactor noise methods using the
Feynman-alpha method. A prototype system was devel-
oped using B-10 neutron detectors [1]. The system is
required with radiation hardness. We, IRID, picked up the
corona detectors and multi-cell detector as the candidate
detectors with radiation hardness.

For this measurement, the applicability of the monitoring
subcriticality systems with corona counters with B-10 or
He-3 and a multi-cell He-3 detector are verified.

EXPERIMENTS: Experiment was carried out at
KUCA solid moderated core, B-core, as shown in Fig.1
whose fuel assembly was 3/8”p32EU. We measured some
cores that changed number of the fuel assemblies, in or-
der to simulate shallow/deep subcriticality and situation
of high neutron count-rate. This core was aimed to com-
pare the porotype system with B-10 detectors used in past
experiments. In Fig.1, D1 is mean a corona He-3 detector,
D2 is mean a corona B-10 detector, and D3 is mean a
multi-cell He-3 detector.

RESULTS: As shown in Fig. 2, the testing systems can
measure the available time-list data for the Feyn-
man-alpha method. The comparison of k-effective evalu-
ated by time-list data of each system is shown in Fig. 3.
These results those k-effective are higher than 0.95 are
good agreement with reference k-effective simulated by
the MVP code with JENDL-4. The results in the deep
subcriticality less than 0.7 of k-effective are agreement
with 10% error.

The test results showed that the testing systems are feasi-
ble to measure the subcriticality.
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INTRODUCTION: The estimation of reactivity of an
amount of unknown fissile material is one of important is-
sues in the field of criticality safety.

JAEA has been theoretically developing a method to esti-
mate the reactivity from neutron count rate alone[1-2]. The
method is based on a newly developed equation of power
in quasi-steady state after prompt jump/drop of power due
to reactivity and/or neutron source change.

The purpose of the experiment is to obtain the experi-
mental data for the verification and validation of the de-
veloped method. This time, the data were obtained for
deep subcritical states around keff = 0.95, which is a
threshold value for a subcritical condition in a numerical
analysis.

EXPERIMENTS: A subcritical experiment was done
with the basic critical core configuration known as 3/8”
p36EU of A-core. The Am-Be was used as the external
neutron source.

3He detectors were used. Figure 1 shows the core configu-
ration and the position of Am-Be neutron source.
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Configuration of fuels and devices in A-core.
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For the first several hundred seconds, as shown in Fig.2,
the system was kept under a subcritical steady state. Then
a negative reactivity was inserted by dropping control rods,
C1-C3, safety rods, S4-S6, and/or Center Core. The
achieved keff is shown in Tablel. 6 rods were dropped for
0.97, Center Core for 0.95 and the rods and CC for 0.93.
Those keff values were roughly estimated by summing up
the reactivity worth of each device.

After that, neutron count rate decreased and the measure-
ment was terminated after several hundred seconds or
more.

0.0
-0.5
> -1.0
15 y =-0.7944x + 0.2036
o R?=0.9846
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X
Fig. 3. Linear fitting to the points (X, Y) calculated

from the neutron count rate data shown in Fig. 2.

RESULTS: Reactivity value was estimated following
the procedure described in [2], in which the neutron count
rate data from the detector far from the neutron source was
chosen and treated. The points (X ), Y(t)) were calcu-
lated from the neutron count rate data and its slope value,
a = —0.794, was estimated by linear fitting as shown in
Fig. 3. Then the reactivity value was calculated as follows;

=———=-39

T War1)

The estimated value obtained by preparatory calculation
with the new method was summarized in Table 1. The dif-
ference between the reference value and estimated one is
up to 12%. It shows the applicability of the new method to
deep subcritical state, and more detailed analysis is needed
to quantify its degree of accuracy.

Table 1. The experimental condition and estimated
reactivity value by applying the new method.
reactivity
operation keff
reference ($) | estimated($) | difference(%)

drop C1-S6 0.97 -4.1 -39 -5.4
drop CC 0.95 -8.1 -9 12
drop all 0.93 -12 -12 -5
REFERENCES:

[1]Y. Yamane, J. Nucl. Sci. Technol.
Vol.57(8), 926-931 (2020).
[2] Y. Yamane, J. Nucl. Sci. Technol.
https://doi.org/10.1080/00223131.2022.2053221 (2022).
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INTRODUCTION: We are developing an in-core power
distribution estimation method (PHOEBE) using ex-core
neutron detectors to reduce the cost and improve the
maintainability of nuclear instrumentation in small reac-
tors as a distributed power source [1]. Theoretical and
numerical examinations were initially studied with the
experimental demonstration conducted at UTR-KINKI
[2]. The demonstration was conducted with a simple core
Hence, more complex experiment geometry is required to
evaluate the power distribution of the core inner region
for the experimental demonstration of PHOEBE. In this
study, a new core was constructed at KUCA and tested to
confirm the effectiveness of PHOEBE.

EXPERIMENTAL GEOMETRY: Figure 1 shows a
configuration of fuel element in this experiment. A unit
cell consisted of one 1/16” EU plate, two 1/8” PE plate
and one 1/4” graphite plate. The fuel element had 30- or
14-unit cells and graphite reflectors. Figure 2 shows the
experimental core layer. 31 fuel elements were loaded
into the core and 3 control rods, 3 safety rods, graphite
reflectors elements were installed. In addition, 8 eight
neutron detector systems (ERYNGII), which can effi-
ciently measure epi-thermal neutrons as shown in Fig. 3,
were inserted for this experiment.

RESULTS: Table 1 shows the measured neutronics
characteristics. The all characteristics were satisfied with
the KUCA regulations. In this core, the power distribu-
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REFERENCES: Excess reactivity 0.154 <0.35
[1] R. Kimura, et al, Nucl. Sci. Eng. 2020; 195(12), |-(%dk/k) _
pp1279-1290. Max. . reactivity 0.007 <0.02
[2] R. Kimura, et. al., AESJ 2021 Fall Meeting, 2109, | ‘nsertion rate | C3:830mm-730mm
(2021) (%dk/k/sec)
‘ Rod Cl1 0.599 Max. worth
worth C2 0.422 <1/3 of
Fuel element(F)  ypit cell (1/16" EU , 1/8" PE X 2. 1/4" Graphte X 1) (%dk/k) | C3 0.654 total worth
. . Total (0.599+0.422+ Total worth
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Figure 1 Configuration of fuel element.
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CO03-7 Measurement of Neutronics Characteristics for Th loaed core at KUCA (III)
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INTRODUCTION:

In engineering discussions of the feasibility of new reac-
tor systems, it is necessary to evaluate the impact of the
fuels and materials for the neutronics characteristics such
as criticality, conversion rate, and fuel balance. In order
to develop of Thorium (Th) nuclear system, critical ex-
periments on Th loaded cores using the KUCA with solid
moderator core have been systematically carried out to
perform neutronics characteristics measurements of Th
loaded thermal neutron systems and integral evaluation of
Th cross sections [1]. In order to perform nuclear design
for Th loaded reactors, it is important to validate U-233
nuclear data. In order to perform an integral validation of
U-233 fission cross section, measurements of sample
reactivity worth in KUCA solid moderated core were
carried out.

EXPERIMENTS:

In this experiment, two types of fuel element were
loaded into the KUCA solid moderated core. Figure 1
shows composition of a fuel element “F” and a special
fuel element “S”. The fuel element “F” was consisted of
31 unit cells and sandwiched by a upper and a lower pol-
yethylene reflector. The unit cell has one enriched ura-
nium plates of 0.159 mm (1/16 in.) thickness, three poly-
ethylene plates of 0.318 mm (1/8 in.) thickness. The fuel
element “S” was consisted of 30 unit cells and one sam-
ple case made of aluminum. The geometry of sample case
has 50.8 mm x 50.8 mm x 11.11 mmt (7/16 in.).

A sample plate was made of UszOg-Al and the amount
of U-233 in a plate was about 0.09 g. The U-233 enrich-
ment was 99.4 wt% [2]. The geometry of a plate was
12.66 mm x 12.68 mm x 1.08 mm' and has a round
chamfering (R = 3 mm). 9 plates of U-233 sample were
set into a aluminum sample case. Figure 2 shows a core
configuration of this experiment. The experimental core
has 24 fuel elements “F” and one special fuel element
“S”. The C1 — C3 are control rods and the S4 — S6 are
safety rods.

RESULTS:

The sample reactivity value was defined as the difference
of excess reactivity between the core with the aluminum
case installed the U-233 sample plates and the core with
the aluminum case without the samples. The excess reac-
tivity measurements were carried out by the positive pe-
riod method. In each measurement, the C2 and C3 control
rods were set to the upper limit (U.L.) and the C1 control

rod was adjusted to the critical position. And the C1 con-
trol rod was drawn out to the U.L. from the critical posi-
tion and the reactivity was inserted into the core. As the
result, the excess reactivity with and without U-233 sam-
ple were 0.1003 + 0.0032 %dk/k and 0.0649 =+
0.0014 %dk/k [2]. Therefore, the sample worth was ob-
tained as 0.0354 + 0.0015 %dk/k [2].

12 3 4 6 6 7
Figure 2 Core configuration.
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CO3-8 Subcriticality measurement by using a small neutron detector (4)
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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.

B-10 lined
detector

Co-axial cable‘

Pri-Amp.

Co-axial cable

Data Sender Data Receiver

Optical
Fiber

cable ‘ USB cable

PC

Fig.1 Data transfer system.
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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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CO3-9 Measurement of Validation Data for Kinetics Parameter and Reactor Kinetics

Y. Nauchi, S. Sato, Y. Takahashi', H. Unesaki', Y.
Kitamura'

Central Research Institute of Electric Power Industry
!nstitute for Integrated Radiation and Nuclear Science,
Kyoto University

INTRODUCTION: Precise estimation of the reactor
kinetics is essential for the nuclear safety. In CRIEPI,
continuous energy Monte Carlo (MC) method has been
studied to estimate the point kinetics parameters in a crit-
ical condition [1, 2] and reactor periods [3]. Besides, time
dependent neutron transport calculation techniques are
now under development [4, 5]. In order to validate those
calculations, comprehensive data sets of reactor kinetics
were measured in A3/8”p36EU(3) core.

RESPONSE FOR STEP REACTIVITY INSERTION:
Positive and negative reactivities were inserted step
wisely by moving C1 rod and time variation of power
was measured as shown in Fig. 1 (left). The reactivity
range was from -46 to 51 pcm. The asymptotic period
given by the flux a few hundred seconds after the inser-
tion shall be used to validate whether the effective de-
layed neutron fraction repartition per precursor family,
Pepi» relates the measured periods to the calculated static
reactivities [1,2]. The transient phase from the prompt
jump to the asymptotic behavior is also useful to validate
time dependent calculation. For that, the prompt jump
behavior was focused by raising the initial critical power
(Fig. 1, right).
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Fig.1 Response to positive & negative step reactivity in-
sertion (left). Focusing on prompt jump (right).
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EFFECT OF REACTIVITY INSERTION RATE:

Reactivity insertion rate is also important for kinetics
behavior of a core. In this work, we attained criticality by
adjusting the C1 rod position (688 mm) while C2 and C3
rods were withdrawn. Then the C1 rod was fully inserted
from time 0 second by 1) dropping and by 2) continuous
down with speed of -8.013 mm/s. Neutron flux decre-
ment with time was measured three times for both the
insertion conditions. The results are shown in Fig. 2. In
the rod drop measurements, the negative reactivity was
measured -404, -392, -394 pcm for the case 1, 2, 3, re-
spectively. The time dependent neutron flux of case 2 and
3 are similar and that of case 1 is bit different. Due to the
instant insertion of the negative reactivity, negative

prompt jump was observed. Whereas in the continuous
down case, the time dependent neutron flux of the three
cases is similar each other and that is very credible as the
validation data. According to the worth curve of C1 rod
and the insertion speed, the negative reactivity of -392
pem is given within 34.5 s. After 35 s, the flux by the
continuous down of C1 rod approaches to that by the rod
drop test. These data shall be applied to validate the time
dependent MC calculation.
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Fig. 2 Neutron flux decrement by C1 rod insertion.

VARIANCE TO MEAN METHOD: For the validation
of the generation time A, measurement of o eigenvalue is
useful. For that, the Feynman - oo measurement was done
with a conventional method. The neutron count rate in FC
#2 and #3 were measured with dwell time of 0.1 ms and
the Y value and o were preliminary evaluated without
correction for dead time of detectors. Berr and A are cal-
culated with enhanced MCNP-5.1.30 with the AcelibJ40
library. The reactivity p is given based on the rod worth
curve based on Berrij by MCNP calculation [1,2]. Then the
calculated o is given as o = (Beir — p) / A. The measured
and calculated as are compared in Table 1. The C/E
ranges from 0.985 to 1.126. We shall investigate the in-
fluences of the dead time and spatial higher-mode flux to
make C/E more credible.

Table 1: Measured and calculated o eigenvlaue.

Reactivity Measured C/E Measured C/E
(pcm) o(s™) by FC#2 a(s™) by FC#3

-329 214.09 1.040 225.92 0.985
-144 171.44 1.084 174.46 1.065
72 161.23 1.065 152.93 1.122
0 139.64 1.126 155.08 1.014
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CO3-10 Basic Research for Sophistication of High-power Reactor Noise Analysis (IV)

S. Hohara!, T. Sano', A. Sakon', K. Nakajima?, K.
Hashimoto!

!Atomic Energy Research Institute, Kindai University
’Graduate School of Science and Engineering, Kindai
University

INTRODUCTION: Reactor noise for high-power re-
actors were actively measured in the 1960°s and 1970’s.
The major focuses of those researches were for the ab-
normality diagnosis or the output stabilization diagnosis,
and almost researchers were in the field of system control
engineering or instrumentation engineering. High-power
reactor noise measurements for dynamics’ analysis of
reactivity change, reactivity feedback or reactor charac-
teristics itself were few in the time (1960°s and 1970’s),
because of the powerless measurement system. In this
research, we plan to measure KUR’s output with pre-
sent-day measurement system and plan to analyze with
several analysis methods. The results of this work will
supply some knowledges and technics in the aspect of
sophistication of reactor noise analysis or simulation
methods.

In this year, we tried to measure the reactor nuclide noise
of the critical state KUR core via a 1-inch *He counters at
CN-1 port focused on epi-thermal neutrons. The experi-
mental work was done on 25th November 2021. As the
result of the experiment, a result looks like the nuclear
reactor noise was observed in IMW critical state.

EXPERIMENTS:

In this experiment, the output signal of the *He counters
(LND 25291 X3) were put into Spectro Scopy AMPs
(2022: Canberra and 590A: ORTEC), and the output of
the SSAs were measured with a time-series measurement
system (HSMCA4106 LC: ANSeeN Inc.). A schematic
view of the measurement is shown in Fig.l1, and the
counter installation overview is shown in Pic.1.

As you can find in Pic.1, the neutrons from the KUR core
were measured with *He counters via a 5-mm thickness
B4C sheet.
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Fig. 1. Schematic view of the measurement.

The experimental condition is shown in Table.1. The re-
actor Power was set in IMW. The measurement time was

8,000 sec.

B 7

Pic. 1. An overview of the counter installation

Table 1. Experimental condition

Reactor Measurement Count Rate
Power Time [sec] [cps]
[W]
620 - 660 (#1)
M 8,000 210 -230 (#2)
560 - 600 (#3)
RESULTS:

The measurement results were analyzed by Feynman-a /
bunching method, Rossi-o method and Covariance to
Mean Ratio method.

As a result of the Feynman-o analysis, plot shapes like
Feynman's theoretical formula were not obtained, be-
cause of the gradually increasing of the KUR power.

As a result of the Rossi-a analysis, plot shapes like
Orndoft’s theoretical formula were obtained on the 3
counters’ results. As a result of the Covariance to mean
ratio analysis, plot shapes like Feynman's theoretical
formula were obtained, however the Y values were ex-
tremely small.

An analysis result example of the Rossi-o analysis is
shown in Fig.3. The result of this work show that the
neutron energy selection may improve the sensitivity of
the reactor nuclide-noise measurements for the light wa-
ter moderation reactor.
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Time Interval[msec]

Fig. 2. A result example of Rossi-a analysis
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CO3-11 Development of Faster Measurement Method of High Neutron Flux with SPND

C. H. Pyeon and R. Okumura

Institute for Integrated Radiation and Nuclear Science,
Kyoto University

INTRODUCTION: To safely control the reactor, moni-
toring neutron flux inside the reactor is necessary. There-
fore, a reliable technology is needed to measure neutrons
of high intensity, as in the reactor. Self-powered neutron
detectors (SPNDs) are available as detectors to perform
the measurement. The SPND is possible to obtain infor-
mation on neutron flux by measuring the current signal
generated with the use of activation of emitter material
(Rh, V, Co etc.). In the detection principle, the response
time of the detector is determined by the time constant of
activation decay, which makes it difficult to respond
quickly. In this study, we will explore a method to speed
up the response of SPND by digital data processing.

EXPERIMENTS: Since the self-output neutron detector
requires high neutron intensity, neutron measurements
were conducted in the inclined irradiation borehole (SLY)
of the Kyoto University research Reactor (KUR), which
allows measurements to be made close to the reactor core
in this test. The preliminary measurement was performed
with the detector inserted during 1 MW operation, and
the next measurements of output power were carried out
at the KUR operation ranging between 1 and 5 MW.
The detector was a self-output neutron detector using
rhodium (Rh) as the detector. The output of the
self-output neutron detector was measured using a pi-
co-ampare-meter.

RESULTS: Figure 1 plots the current from the SPND
versus time versus the linear output meter of the furnace;
the output of the SPND at 1 MW output was about 5 nA
the response time of the detector after insertion into the
SLY was about 300 s. The response time is due to the
decay constants of the activation products of *Rh, '"“Rh
and "“"Rh, of 40 s and 4.4 min. When the output was
changed from 1 MW to 5 MW, the maximum current
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value from the SPND was 24 nA at 5 MW.

To accurately examine the time response of the SPND,
we examined the time variation after the detector was
pulled out from the SLY. The results of exponential fitting
to the time variation are shown in Figure 2. Figure 2 in-
dicates that the time variation is confirmed to be repro-
duced by adding the two exponential curves together. The
time constants of the response were 41 s and 4.3 min,
respectively. The ratio of the current values derived from
104Rh and '™"Rh was 1:0.07. Using the parameters, we
will investigate a useful way to estimate the output of
SPNDs more quickly.

In this study, we considered the method to estimate the
output from the activation equation. The activation equa-
tion can be expressed by Egs. (1) and (2) as follows:

Nppaos = —Appa0s Nppave + Appaosm Ngpaoem + Nppaa@f (1)
Ngpios = — A gpivamNopioam + Nppaozgf (2)

where o is the activation cross section, f the neutron flux,
and N the number of atoms.

The two equations are different from each other, and
the filtered neutron fluxes are plotted in Figure 3. The
filtered result were found to respond faster that the raw
measurement result.
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Fig.2  Plot focused on SPND current decay after the
detector pulled out from SLY. The decay curve
was fitted with the two exponential curves.
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