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(2) 2.3 AFAS の機器の健全性確認 

（ノーマリゼーション）方法の検討 
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(3) 2.4 AFAS の機器の異常検知方法の検討 
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1. Overview

This report summarizes the results of monthly control measurements of IPCA2 performed over 
the period of April 2019 through March 2020 and represents an annual performance overview for 
JFY19. Monthly measurements of Plutonium neutron detection efficiency, AmLi stability, Curium 
stability and HPGe gamma spectra of Plutonium standards were performed and analyzed, when 
nuclear materials were available. Note that there were a few periods when nuclear material use 
was restricted during the reporting period that affected some monthly measurements and they are 
reported in this document. All the results are shown with respect to the updated control bounds 
established based on JFY18 data. Current data (for JFY19) will be used to establish new control 
bounds for JFY20 and these new control bounds are summarized in Appendix A. This report also 
documents rotation of IPCA2 performed during JSGO/NMCC/JAEA visit in July 2019 as well as 
long-term horizontal test to evaluate effects of prolonged horizontal configuration on IPCA2 
performance for shipping considerations. Based on Pu efficiency measurements, the performance 
of the IPCA2 during this reporting period was stable within 0.7% at 1  level, which includes the 
performance before and after both IPCA2 rotations. Measurements were compared to room 
temperature and humidity and no dependence was observed. During September 2019 IPCA2 MIC 
was upgraded to MIC3 to fully support JSR15 and DSPEC50 capability and current report 
therefore represents the first MIC3 test in unattended mode for JSR15.  
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2. Plutonium Efficiency

2.1. Efficiency Monitoring 

Plutonium efficiency measurements were performed between April 2019 and March 2020. The 
LANL Plutonium standard, FZC157 (823.6 neutrons s-1 emission rate), was used in all 
measurements. This source was placed in the IPCA2 for a duration of 1800 s during which 60 
cycles of 30 s were used to calculate a Singles rate (in counts per second, cps). The Singles rate 
was divided by source activity to determine an efficiency as shown in Figure 1. Average efficiency 
corresponding to the JFY19 control period was calculated and corresponds to 7.30 ± 0.05. All 
measurements were within the control chart 2  bands, denoted with dotted lines in Figure 1. Note 
that there were several instances between April 2019 and March 2020 with restrictions on use of 
Plutonium-bearing materials. These windows correspond to periods of July-August, November-
January and March 2020. Therefore, only limited number of control measurements using the 
Plutonium standard could be performed. The other sources (AmLi and Cm) were not affected by 
these restrictions and regular monthly measurements were performed as reported in Section 3 of 
this document. These measurements along with the performed Pu-efficiency measurements 
provide a good overview of the overall IPCA2 performance during the JFY19 reporting period and 
confirm its stability and reproducibility. In addition to these regular measurements, series of 
surrogate efficiency measurements was performed during July-August and November-January 
timeframe using 252Cf source.  These results are reported in Section 8 and were performed to 
establish IPCA2 performance before and after rotations. Also these measurements confirm IPCA2 
stable performance.  

Figure 1: Pu efficiency measurements for JFY19. 
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Updated control bounds will be established based on the data shown in Figure 1 for use in JFY20 
measurements. The updated control bounds are provided for reference in Appendix A. All the Pu 
efficiency measurements since May 2013 are summarized in Figure 2. Note that these 
measurements are plotted against the original control bounds established from 2013-2017 data in 
[1]. 

Figure 2: Pu efficiency measurements for May 2013 – March 2020. 

2.1. Efficiency Dependence on Environmental Conditions 

Room temperature and humidity data has been collected alongside IPCA2 measurements. JFY19
Plutonium efficiency measurements exhibit no dependence on humidity, Figure 3, or room 
temperature, Figure 4. Updated control bounds established from this JFY19 data and reported in 
Appendix A will be used for JFY20 control charts. 
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Figure 3: JFY19 Pu efficiency measurements as a function of humidity. 

Figure 4: JFY19 Pu efficiency measurements as a function of room temperature. 
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3. AmLi Stability 

3.1. AmLi Stability Measurements 

AmLi stability measurements performed between April 2019 and March 2020 are summarized in 
Figure 5, with an average (decay corrected) count rate of 244504 ± 56. Overview of all decay 
corrected AmLi stability data from May 2013 is shown in Figure 6 against the original control 
bounds established in [1]. Note that the decay correction on the AmLi data is with respect to 
01/12/2017, when the original control bounds were established. Most results were within the 3
control lines, however a few results near or outside 3  were observed. As discussed in previous 
reports [e.g. 2], it is believed that source positioning and redistribution of contents of AmLi sources 
resulted in the observed variation of count rates. To mitigate this issue, we began to perform a 
Curium stability measurement in October 2018, to assess its feasibility as an alternative to AmLi;
those measurements are described in the next section. No dependence of AmLi count rate on 
humidity or room temperature was observed, as shown in Figure 7 and Figure 8, respectively. New 
control bounds were established based on all JFY19 data for use in JFY20 control measurements 
and are reported in Appendix A. 

Figure 5: AmLi stability measurements for JFY19. Note that error bars are smaller than the size of 
symbols. 
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Figure 6: AmLi stability measurements from May 2013 – March 2020. 

Figure 7: JFY19 AmLi stability measurements as a function of humidity. 
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Figure 8: JFY19 AmLi stability measurements as a function of temperature. 

4. Curium Stability

In October 2018 LANL started to perform monthly measurements with a Curium source to 
evaluate its feasibility as a potential replacement for the AmLi stability measurements. The decay 
corrected (with respect to the first measurement on 10/15/2018) results of the Curium 
measurements performed over the JFY19 reporting period are summarized in Figure 9 and 
correspond to an average count rate of 986.7 ± 1.2. Results reported here were used to establish 
new control bounds for JFY20 provided in Appendix A. Note that the decay correction was 
updated in JFY19 to fully reflect the isotopic composition of the Curium source based on the source 
certificate and takes into account contributions from 246Cm as well as 240Pu. The average count 
rate for JFY18, reported in [2] changed to 986.2 ± 1.6 using this updated decay correction. 

Overview of all decay corrected Cm stability data from October 2018 is shown in Figure 10 against 
the original control bounds established in [1]. Curium stability was also evaluated as a function of 
humidity and temperature as shown in Figure 11 and Figure 12, respectively. No dependence on 
humidity and room temperature has been observed over the reporting period.  

Based on the trends observed so far, Curium appears to be a viable alternative to AmLi sources.  
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Figure 9: Curium count rates since for JFY19. Note that error bars are smaller than the size of symbols. 

Figure 10: Curium stability measurements from October 2018 – March 2020. 
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Figure 11: JFY19 Curium count rates as a function of humidity. Note that error bars are smaller than the 
size of symbols. 

Figure 12: JFY19 Curium count rates as a function of room temperature. Note that error bars are smaller 
than the size of symbols. 
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5. HPGe System Performance

Based on updated contract, the frequency of HPGe system measurements was reduced to twice a 
year. Note that two additional measurements were performed during JFY19 to establish IPCA2 
performance after rotation (see Section 8). The April 2019 through March 2020 measurements are 
summarized in Figures 14-19. No modifications to HPGe system hardware components were 
performed during JFY19 and the current configuration is shown in Figure 13 for reference. 

Figure 103: Configuration of IPCA2 HPGe system during JFY19. 

5.1. Top HPGe Detector Performance Summary 

The top detector (12698B) shows a good performance over the entire measurement period for the 
240Pu/239Pu and 241Pu/239Pu ratios for the entire JFY19 reporting period (Figure 14 and 15, left). 
An overview of the top HPGe detector performance from May 2013 is shown in Figure 14, 15 
(right). 
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Figure 14: 240/239Pu isotopic ratios as determined by the top IPCA2 HPGe for JFY19 (left); for 
the entire measurement period (right). 

Figure 15: 241/239Pu isotopic ratios as determined by the top IPCA2 HPGe for JFY19 (left); for 
the entire measurement period (right). 

5.2. Middle HPGe Detector Performance Summary

The middle HPGe detector (41933A) shows a good performance over the entire measurement 
period for the 240Pu/239Pu and 241Pu/239Pu ratios for the entire JFY19 reporting period (Figure 16 
and 17, left). Note that the last two measurement on the middle HPGe detector had gain of 0.137 
keV/ch as opposed to nominal 0.125 keV/ch. An overview of the middle HPGe detector 
performance from May 2013 is shown in Figure 16, 17 (right). 
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Figure 16: 240/239Pu isotopic ratios as determined by the middle IPCA2 HPGe for JFY19 (left); 
for the entire measurement period (right). 

 

 

Figure 17: 241/239Pu isotopic ratios as determined by the middle IPCA2 HPGe for JFY19 (left); 
for the entire measurement period (right).

 

 

5.3. Bottom HPGe Detector Performance 

The bottom HPGe detector (4200A) shows a good performance over the entire measurement 
period for the 240Pu/239Pu and 241Pu/239Pu ratios for the entire JFY19 reporting period (Figure 
18 and 19, left). An overview of the bottom HPGe detector performance from May 2013 is 
shown in Figure 18, 19 (right). Note that original control bounds are used for bottom HPGe 
detector in all figures. Updated control bounds for JFY19 were not extracted from JFY18 data 
due to limited number of measurements available in JFY18 [2]. 
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Figure 18: 240/239Pu isotopic ratios as determined by the bottom IPCA2 HPGe for JFY19 (left); 
for the entire measurement period (right). 

Figure 19: 241/239Pu isotopic ratios as determined by the bottom IPCA2 HPGe for JFY19 (left); 
for the entire measurement period (right). 

6. Load Cell Data

Regular load cell measurements were performed during April 2019 - March 2020 period. Each of 
these measurements resulted in a consistent weight of 22.69 kg.  
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7. Continuous Background Monitoring

As part of the contractual agreement, continuous neutron system background was acquired for 
IPCA2 during April 2019 through March 2020. The measurements were performed using MIC 
software and analyzed with RadReview. During September 2019 IPCA2 MIC2 was upgraded to 
MIC3 to fully support JSR15 and DSPEC50 capability and current report therefore represents the 
first MIC3 test in unattended mode for JSR15.  

Singles count rates over the reporting period are shown in Figure 20 for April 2019 - July 2019 
(top), July - November (middle) and September 2019 - March 2020 (bottom). The middle plot in 
Figure 20 shows the transition from MIC2 to MIC3. It can be seen that the data decoding for JSR15 
by MIC2 was corrected in MIC3. Note that MIC2 recorded Singles were factor of 10 off for JSR15, 
which was mitigated in MIC3. MIC3 is not compatible with Windows XP installed on the IPCA2 
computer and had to be installed on a separate LANL-owned Windows 10 laptop computer. Due 
to the default ‘sleep’ system power settings on the laptop, the MIC3 collection was occasionally 
interrupted during January – March timeframe. The triangular spikes in the bottom plot in Figure 
20 correspond to these periods. The sleep settings have since been updated and such gaps should 
no longer be present during JFY20 measurements. The extended period of high counts in the 
middle plot corresponds to long-term AmLi measurement. Overall the Singles background exhibits 
regular variation between approximately 25 – 32 counts per second, which can be attributed to 
variation in cosmic ray background. The irregular high count rate spikes and intervals seen in 
Singles background correspond to various measurements that are occasionally performed in the 
High Bay area, where IPCA2 is located. Note that the area is used as a test ground for other LANL 
developed instrumentation and experiments are routinely performed throughout the year.  

添付-443



19

Figure 20: MIC recorded IPCA2 neutron background Singles over November 2018 through March 2019 
period. 
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8. IPCA2 Rotation

This section provides a summary of IPCA2 performance during two rotations performed in JFY19. 
The first rotation was a demonstration during the JSGO/NMCC/JAEA visit in July 2019. The 
second represented a test of effects of long-term horizontal configuration on IPCA2 performance. 
The latter test was requested by JSGO/NMCC during the July 2019 visit in order to help assess 
effects of shipping IPCA2 in horizontal configuration on its performance. Unfortunately, both of 
the IPCA2 rotations occurred during the timeframe when use of Plutonium materials was 
restricted. The neutron system performance was therefore evaluated using a surrogate 252Cf source. 

8.1. Rotation Demonstration 

Rotation demonstration was performed in July 2019 and was preceded by series of 252Cf 
measurements to establish IPCA2 reference performance and control bounds for comparison after 
the rotation. Figure 21 summarizes the decay corrected 252Cf surrogate measurements before and 
after the rotation demonstration. As can be seen, the IPCA2 performance was unchanged as was 
also subsequently confirmed in the next Plutonium efficiency measurement performed in 
September 2019 (see Figure 1). 

Figure 21: IPCA2 neutron system performance before and after July 2019 rotation demonstration. 

8.2. Long-term Horizontal Configuration Test 

During December 2019 a long-term horizontal test was performed, when IPCA2 was rotated and 
remained in horizontal configuration for approximately 1 month, between December 18 and 
January 29. During this test, the HPGe system as well as load cell were removed. The neutron 
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detectors remained operational, with the exception of December 23 – January 8, when the full 
system was powered down for winter break. After the rotation on January 29, the 252Cf surrogate 
measurements were performed to establish neutron system performance. Figure 22 shows the 
summary of all 252Cf surrogate measurements performed since July and include the measurement 
on December 5 immediately before the horizontal test and several measurements in January and 
February after the horizontal test was completed. The results of this test confirm that IPCA2 
performance was not affected by long-term horizontal configuration, which is further supported 
by the Plutonium efficiency measurements performed in February (Figure 1) as well as by the 
monthly AmLi and Cm stability measurements (Figures 5 and 9). Note that one of 252Cf surrogate 
measurements in Figure 22 resulted in count rate just on the borderline of 3 , which was likely 
due to 252Cf source positioning and was not observed in the subsequent measurements. 

 
Figure 22: IPCA2 neutron system performance before and after long-term horizontal test. 

 

9. Summary  

Table 1 provides and overview of all the control measurements performed over the reporting period 
(April 2019 – March 2020). During the period of July-August, November-January and March 
2020, the use of Plutonium containing materials was restricted, which prevented monthly 
Plutonium efficiency measurements during this period. As reported in this document, 252Cf 
surrogate measurements were performed instead, along with regular AmLi and Cm stability 
measurements to provide assurance on continuing stable IPCA2 performance. 
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Table 1: The number of measurements taken monthly organized by type. 

Month Pu Eff AmLi Cm 12698B 
(Top) 

41993A 
(Middle) 

4200A 
(Bottom) 

Load 
Cell 

April 2019 1 1 1 1 1 1 1 
May 2019 1 1 1 1 1 1 1 
June 2019 1 1 1 0 0 0 1 
July 2019 0 1 1 0 0 0 1 

August 2019 0 1 1 0 0 0 1 
September 2019 1 1 1 1 1 1 1 

October 2019 1 1 1 0 0 0 1 
November 2019 0 1 1 0 0 0 1 
December 2019 0 1 1 0 0 0 1 
January 2020 0 1 1 0 0 0 1 

February 2020 1 1 1 1 1 1 1 
March 2020 0 TBI TBI 0 0 0 TBI 

Total 6 11 11 4 4 4 11 
*TBI = to be included. Note that these measurements were performed, but are yet to be included in the final
report.

Results of the control measurements confirmed stability of Plutonium efficiency, which stayed 
within 2  of the overall average value of 7.29 % established from JFY18 data in reference [2]. No 
dependence on environmental conditions (temperature, humidity) was observed. The average 
efficiency of these measurements (performed between April 2019 and March 2020) corresponds 
to 7.30 ± 0.05. Updated control bounds were established based on this dataset (see Appendix A). 

The AmLi stability measurements over the reporting period showed good performance, typically 
within 3  of the overall average value established in reference [2]. No dependence on 
environmental conditions (temperature, humidity) was observed. The average count rate (decay 
corrected count with respect to 01/12/2017) for measurements performed between April 2019 and 
March 2020 corresponds to 24504 ± 55. Updated control bounds were established based on the 
JFY19 data and are reported in Appendix A. 

Curium source measurements were performed to evaluate its feasibility as a potential replacement 
for the AmLi source to mitigate issues observed in AmLi measurements [1] due to redistribution 
of source material and positioning. The average count rate (decay corrected with respect to the 
first measurement on 10/15/2018) for measurements performed between April 2019 and March 
2020 corresponds to 986.7 ± 1.2. No dependence on environmental conditions (temperature, 
humidity) was observed. Results were used to establish new control bounds as documented in 
Appendix A. Based on the trends observed so far, Curium appears to be a viable alternative to 
AmLi sources. Both sources will continue to be used during JFY20 control measurements. 

HPGe system monitoring revealed consistent performance of all three detectors within the 3  of 
expected performance. The middle detector exhibited a slight gain change during the last two 
measurements with 0.137 keV/ch as opposed to nominal 0.125 keV/ch. Due to the reduced number 
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of measurements the control bounds for all the HPGe detectors will remain unchanged and, if 
needed in the future, will be updated based on a larger set of aggregate data.  

Two IPCA2 rotations were performed during the JFY19 reporting period with one focusing on 
long-term horizontal configuration impact on IPCA2 performance. Neutron and gamma 
measurements before and after the rotations confirmed unchanged IPCA2 performance. The long-
term horizontal test and the fact that it confirmed no impact on IPCA2 performance represents an 
important assurance of IPCA2 functionality and robustness for future shipping considerations. 

Software upgrade was performed during the JFY19 reporting period by upgrading MIC2 to MIC3 
to support JSR15 read-out as well as DSPEC50 (note that IPCA2 currently uses DSPEC Plus). 
Initial test of MIC3 with JSR15 was performed between September 2019 and March 2020. 
However, the measurements were impacted by default power saving settings of the Windows 10 
laptop used for MIC3 (note that MIC3 is not supported on Windows XP system). These settings 
resulted in gaps due to default computer sleep mode and will be removed for JFY20 measurements. 

In summary, the neutron as well as gamma system performance exhibits expected trends and 
measurements will continue on monthly basis in JFY20 as permitted by the contract amendment 
approval process.  
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11. Appendix A

This Appendix provides an overview of updated control bounds calculated from JFY19 data that 
will be used during JFY20 control measurements.  

11.1. Updated AmLi control bounds from JFY19 data 

Figure 23: AmLi stability control bounds; current (JFY18) [2] (left); updated based on JFY19 data (right). 

11.2. Updated Cm control bounds from JFY19 data 

Figure 24: Cm stability control bounds; current (JFY18) [2] (left); updated based on JFY19 data (right). 

Note that the wider control bounds extracted from JFY18 data in [2] were partially caused by an 
incomplete decay correction, which did not include contributions from 246Cm and 240Pu present in 
the source material. Current report uses updated decay correction, which resulted in improved 
trend of Cm data. 
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11.3. Updated efficiency control bounds from JFY19 data 

Figure25: FZC158 efficiency control bounds; current (JFY18) [2] (left); updated based on JFY19 data 
(right). 

11.4. HPGe detector control bounds 

Updated contract reduces frequency of HPGe control measurements to twice a year. Therefore, 
HPGe control bounds will be kept unchanged and control bounds extracted in [2] will be used in 
JFY20 measurements, due to the limited number of data points each year. Control bounds may be 
updated in the future based on a larger set of aggregate data, if needed. 
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