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SUMMARY 

This report documents the selection of components as part of the efforts 

initiated to develop a remote, canister-monitoring system (RCMS) for determining 

and monitoring environmental conditions within dry fuel storage canisters 

containing aluminum-clad spent nuclear fuel (ASNF) at Idaho National Laboratory 

(INL). These efforts are in support of the Department of Energy Office of 

Environmental Management (DOE-EM) investigations into the technical issues 

associated with extended dry storage (50+ years) of ASNF. The capability to 

establish and monitor the performance of ASNF in situ provides the opportunity 

to (1) evaluate the appropriate technologies for monitoring, (2) collect canister 

environment conditions as soon as possible, (3) verify and validate current 

laboratory-based study results and analytic modeling approaches, and (4) 

potentially identify additional dry storage options for ASNF at the INL site. The 

improved understanding of ASNF behavior gained by performing this work would 

also contribute to the safety basis for extended dry storage in current and future 

configurations, as well as to provide information for future transportation, 

conditioning, and disposal of ASNF. It is important to resolve questions regarding 

storage because the ATR is expected to continue producing approximately 100 

elements of spent fuel per year for at least another twenty years. The parameters to 

be monitored by the RCMS include temperature, relative humidity, hydrogen gas 

concentration, and radiation environment (dose). Components are selected based 

on the expected environmental conditions within the canister and fuel storage area 

and the desired performance of the RCMS. Several of these components have been 

purchased and received. Future activities include component testing and 

calibration, software development for operation of the integrated sensor module, 

and the fabrication of a representative test volume. The results of these tests and 

the changes to desired performance characteristics will inform subsequent 

activities. 
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Selection of Components for the Remote, Canister-
Monitoring System  

1. INTRODUCTION 

This report documents the selection of components as part of the efforts initiated to develop a remote, 

canister-monitoring system (RCMS). The purpose of the RCMS is to determine and monitor the 

environmental conditions within dry-fuel storage canisters containing aluminum-clad spent nuclear fuel 

(ASNF) at Idaho National Laboratory (INL). These efforts are in support of Department of Energy, Office 

of Environmental Management (DOE-EM) investigations into technical issues associated with the extended 

dry storage (50+ years) of ASNF. A successful RCMS would improve the current understanding of how 

ASNF behaves during extended dry storage and would support a technical basis for the continued storage 

of this material. The capability to establish and monitor the performance of ASNF in situ provides the 

opportunity to (1) evaluate the appropriate technologies for monitoring, (2) collect canister environment 

conditions as soon as possible, (3) verify and validate current laboratory-based study results and analytic 

modeling approaches, and (4) potentially identify additional dry storage options for ASNF at the INL site. 

This can confirm the presence or absence of hydrogen buildup due to radiolysis, which would affect 

eventual sealed canister disposition/disposal. The improved understanding of ASNF behavior gained by 

performing this work would also contribute to the safety basis for extended dry storage in current and future 

configurations as well as to provide information for the future transportation, conditioning, and disposal of 

ASNF. It is important to resolve questions regarding storage because the ATR is expected to continue 

producing approximately 100 elements of spent fuel per year for at least another twenty years. The 

parameters to be monitored by the RCMS include temperature, relative humidity, hydrogen gas 

concentration, and radiation environment (dose). These parameters are important due to historical tests that 

indicated extreme high relative humidity, radiation and temperature can lead to significant decomposition 

of metallic aluminum. Components are selected based on the expected environmental conditions within the 

canister and fuel storage area, and the desired performance of the RCMS. 

 

2. BACKGROUND 

2.1 Previous Activities  

Efforts from the 1999–2000 timeframe to develop a tool to measure properties of the internal 

environment resulted in an instrumentation package that could be installed on the canister lid to transmit 

the data by radio frequency (RF) to a data acquisition system. Figure 1 shows the first prototype made in 

FY2000. The sensors and electronics were placed in a shielded compartment with a penetration in the 

canister lid to allow gas circulation to the sensors and direct radiation monitoring. The prototype was 

capable of sensing temperature, relative humidity, hydrogen gas and the radiation field using a miniature 

Geiger Muller tube. For compactness, the shielding material was selected as tungsten.  
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Figure 1: Integrated sensor system prototype fabricated in FY2000. 

 

2.2 Identified Approaches  

Three approaches have been identified for investigation in the current efforts. The first approach is to 

perform a technology update on the prototype developed in FY2000. This first approach would acquire 

point estimate data by measuring the conditions inside the headspace of the canister. This is achieved either 

by inserting the integrated sensor into the canister headspace, or by actively pumping a sample of the 

headspace gas to the sensor for analysis. The second approach is to develop a wired sensor system that 

requires threading of wired sensors into the canister fuel bucket geometry. This second approach would 

allow the acquisition of intra-canister, vertical axis, spatial information for the parameters of interest. The 

third approach is a passive system that would also acquire intra-canister, vertical axis, spatial information 

for the parameters of interest, without the need for a wired system. This would be achieved by inserting 

discrete sensors packages that communicate wirelessly with the control unit situated in the shielded 

compartment on top of the canister lid. The passive system, if successful, could have benefits in terms of 

maintenance and operation within the storage facilities. Figure 2 shows a drawing of the three approaches. 

The green box is the electronics in the shielded compartment on top of the canister lid. The blue boxes 

indicate where sensors would be placed, and spatial information collected. Additional information on the 

identified approaches can be found in (Kitcher 2019). Feasibility studies into all three approaches are being 

conducted. The first two approaches are being pursued in collaboration with the University of Idaho [though 

an inquiry to the Center for Advanced Energy Studies (CAES)a system] (contract No. 154652). The 

selection of components documented here is in support of the first two approaches. The third approach is 

being pursued through a subcontract with Westinghouse (contract No. 228461).  

 

 
a CAES is a research and education consortium between Boise State University, Idaho National Laboratory, Idaho State 

University, University of Idaho, & University of Wyoming. 

~6in. 



 

 3 

 

Figure 2: Identified design approaches for the RCMS. 

 

2.3 Facility and Canister Descriptions  

Brief descriptions of the Irradiated Fuel Storage Facility (IFSF), the Advanced Test Reactor (ATR) fuel 

elements (which constitute the majority of ASNF stored in the IFSF), the dry-fuel storage canisters used 

for storage of ASNF, and the various buckets used for the transfer and storage of the ASNF within the 

canisters can be found in (Kitcher 2019). 

 

2.4 RCMS Package Performance Requirements 

The purpose of the RCMS as stated are to (1) evaluate the appropriate technologies for monitoring, (2) 

collect canister environment conditions as soon as possible, (3) verify and validate current laboratory-based 

study results and analytic modeling approaches, and (4) potentially identify additional dry storage options 

for ASNF at the INL site. To this end, the parameters to be monitored by the RCMS include temperature, 

relative humidity, hydrogen gas concentration, and radiation (dose). The desired performance of the RCMS 

can be found in (Kitcher 2019). Table 1 shows a list of desired performance from the sensors in the RCMS. 

In addition to these sensors, additional components needed for the RCMS are a miniature air pump for air 

sample collection, a battery to power the RCMS, data transmission capability via Wi-Fi or RF, and a 

radiation shield. The battery should be able to power the RCMS for a minimum of 1 year of autonomous 

operations, starting with weekly data transfers to establish routine baseline. After the baseline is established, 

the sampling rate could potentially be reduced to monthly data transfers. The radiation shield should reduce 

the dose rate and total dose to the sensors and electronics to allow operation for a minimum of 1 year 

without degradation of performance. The data transmission capability should have a range of 600ft without 

line-of-sight. This should allow transmission to an antenna within the fuel storage area. The data can then 

be transmitted via a wired connection out of the fuel storage area to the data acquisition/processing system. 



 

 4 

This list of desired performance characteristics is by no means complete and will be updated as additional 

desired performance characteristics are identified or design tradeoff encountered. 

 

Table 1: Desired performance of sensors for RCMS.  

Parameter Range Accuracy Comments 

Dose (mR/hr) 0–2000 ± 20 mR/hr Spatial information desired 

Temperature (°C) -25–125 ± 2 °C Spatial information desired 

Relative humidity (%) 5–95 ± 2 % Spatial information desired 

Pressure (psia) 13–30 ± 2 psia  

Hydrogen concentration (vol. 

%) 
0–4 ± 0.1% 

Need to establish the minimum detectable 

limit.  

 

 

3. COMPONENT SELECTION 

Additional design principles for the RCMS that have not yet been stated as requirements include low 

cost, small size, minimum weight of package and low power consumption, and acceptability for deployment 

in the CPP-603 facility. In selecting the necessary components, several candidates were surveyed for both 

approaches and different design options were considered. Table 2 shows a comparison of the components 

used in the FY2000 prototype and components considered for the new prototype. 

Table 2: Comparison of components between the FY2000 prototype and the New prototype. 

Component FY2000 prototype New prototype  

Hydrogen sensor  
Figaro TGS2620  

Figaro TGS821  

Several off-the-shelf options  

(Figaro, H2scan, N5) 

Radiation sensor  Gamma Labs G1300 
Several off-the-shelf options 

(Mirion, Gamma Labs) 

Temperature sensor Digital thermocouple 
Several off-the-shelf options  

(Hioki LR5011, Comet T3611, N5) 

Humidity sensor 
FSU-2K unit 

(EMD-2000) 

Several off-the-shelf options  

(Hioki LR5011, Comet T3610, EMD-4000, N5) 

Air sample collector Miniature air pump Miniature air pump 

RF transmitter 
RF  

(450MhZ, 600ft range) 

Several off-the-shelf options  

(N5 has Wi-Fi) 

Microprocessor z80 
Several off-the-shelf options  

(N5 use Arduino platform) 

Onboard memory 128K EEPROM  
Several off-the-shelf options  

(N5 use Arduino platform) 
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Software N/A  Requires code development inhouse 

Power source Li-ion batteries Li-ion batteries 

 

In general, several options were identified that meet the required performance characteristics for each 

component. Several commercially available integrated sensor units were found featuring integrated 

temperature, relative humidity, and hydrogen. These units also had data transmission capability via Wi-Fi 

and some limited data storage and processing capabilities. Given that this represents a significant portion 

of the design effort, it was decided to proceed with such a unit as the core of the integrated system. Of the 

integrated sensor units, the offering from N5 digital multi-gas sensor module was selected as it offers low-

power requirements, hydrogen concentration, temperature, and humidity sensing on a single chip. Figure 3 

shows the N5 module. The N5 product sheet and datasheet can be found in Appendix A. Several options 

for miniature Geiger counters have been identified. Figure 4 shows several miniature Geiger counters 

available from Mirion Technologies. The product sheet can be found in Appendix B. The miniature Geiger 

detectors surveyed require high voltage DC power for operation. A suitable DC voltage converter has been 

identified as shown in Figure 5. The DC converter product sheet is attached in Appendix C. A suitable 

miniature air pump has been identified as shown in Figure 6. The miniature air pump data sheet is attached 

in Appendix D. 

 

 

Figure 3: An image of the N5 digital gas module (Taken from the N5 module product sheet in Appendix A). 
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Figure 4: A range of Geiger detectors available (Taken from the Mirion product sheet in Appendix B). 

 

Figure 5: An image of the LTC 1871 DC voltage converter (See Appendix C). 
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Figure 6: A miniature air pump (Taken from the Cole-Palmer Datasheet in Appendix D). 

 

4. CONCLUSIONS AND FUTURE ACTIVITIES  

As part of the collaboration with Idaho State University, several of these components have been 

purchased and received. Future activities include component testing and calibration, software development 

for operation of the N5 integrated digital gas module, and fabrication of a representative test volume. This 

list of desired performance characteristics is by no means complete and will be updated as they are 

identified, or design tradeoffs are encountered. The results of these tests and changes to desired performance 

characteristics will inform subsequent activities. 
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6. APPENDIX A – N5 DGM DATASHEET AND PRODUCT SHEET 
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N5-1GCl2 Datasheet 
 

Multiple Robust and Reliable Chlorine Sensors in 
One Single Package 

 
 
 
 
 

FEATURES 

▪ 6 individually-addressable chlorine 
sensors in one package 

▪ Detection range: 1 – 50 ppm 

▪ 20 pins, ceramic LCC or QFN 

package 

▪ No cross-sensitivity to humidity or 
organic compounds 

▪ Resistant to silicones 

▪ Surface-mount process compatible 

 
TARGET APPL ICATION S 

▪ Hazmat Detection 

▪ Monitoring of Industrial cooling 

▪ Bottle cleaning facilities 

▪ Agriculture 

▪ Waste water treatment 

Description 

The N5-1G series is a solid-state gas sensor 
which combines wide-bandgap 
semiconductor with advanced photocatalytic 
oxides for reliable, low power sensing of 
different gases. 

 
This generation of sensor (N5-1GCl2) is 
designed to detect chlorine gas with no known 
cross sensitivity to organic compounds, 
silicones, and natural gas. There are 6 
individual chlorine sensors in the 20 pin LCC 
(8.8 x 8.8 x 2 mm) package. The sensing 
element exhibits an increase in resistance in 
presence of chlorine gas. 

 
The sensors can be easily integrated  into any 
new or existing system, for industrial and 
consumer applications. The device includes 
reference elements which can be used as on-
chip passive elements, for voltage divider or 
bridge implementation. 

 
Multiple sensing elements in one package 
provides redundancies and system-design 
flexibility. 

 
 
 
 
 
 
 
 
 
 

For more information, please contact N5 Sensors Inc. 

301-337-8314 | 9610 Medical Center Drive, Suite # 200, 
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VER1_REV11.13.17 

 

 

 

 

 

N5-1GCl2 Datasheet 
 

Sensor R espo nse 

 

Sensor Data 

DC Operating Voltage 3.3 – 5 V 

Detection Range 1 – 50 ppm 

Response Time ~60 s 

Recovery time ~ 120 s 

Power Consumption 10 - 50 µW (UV off)* 

Storage Temperature 0oC to 60oC 

Operating Humidity 0% to 90% 

 
 
 

Physical Drawing Pin Connection Schematic 

 
 
 
 
 
 
 
 
 
 

8.87 mm 

 

 
Note – Reference purpose, not to scale 

 

Gas Ingress 

Circular hole of 1 mm on the top of the chip carrier  is 
the gas ingress point and is shipped with a filter. 
Contact us for customized filter options for your 
application 

 
 
 
 
 

The LED requires either 
a constant current 

source or a pulse width 

modulated source and a 
forward drop of 3.4 V 

 

 
Note – Reference purpose, not to scale 

 

Reference Design 

    Pin 2 and 11  

 
 

Disclaimer - Specifications can change at any time without prior notice. 
External /On-Chip

 
Passive 
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Pin Connection 

1 VLED+ (10 mA) 

2 Vcc (5 V) 

3 NC 

4 Sensor 1 

5 No Connect 

6 Sensor 2 

7 NC 

8 Sensor 3 

9 No Connect 

10 Passive 1 

11 Vcc (5 V) 

12 Passive 2 

14 Sensor 7 

15 No Connect 

16 Sensor 6 

17 Sensor 5 

18 No Connect 

19 No Connect 

20 LED GND 
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VER1_REV11.13.17 

 

 
 

 
 

 
Reflow profile for Sn42/Bi57.6/Ag0.4 solder 

assembly 
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7. APPENDIX B – MIRION TECHNOLOGIES GEIGER DETECTOR 
PRODUCT SHEET 
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8. APPENDIX C – LTC DC CONVERTER DATASHEET 
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9. APPENDIX D – COLE-PALMER AIR PUMP DATASHEET 

 


