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ABSTRACT 
 
Expanding missions in nuclear explosion monitoring (NEM) and nuclear security have highlighted the need for 
high-resolution ambient-temperature gamma detectors that can provide radionuclide-specific monitoring under 
demanding field conditions. Recent improvements in high-pressure xenon (HPXe) detectors indicate that this 
technology has potential to provide rugged, large volume ambient temperature gamma detectors with adequate 
resolution for radionuclide analysis to meet needs in several mission areas.  
 
The purpose of this Phase I study was to evaluate the feasibility of HPXe-based monitoring systems for meeting 
required detection sensitivity limits for 140Ba for specified NEM sampling and counting conditions. An  
HPXe detector was selected and characterized for the NEM application.  A series of experimental measurements 
with a custom NIST-traceable 9-radionuclide source were conducted to define the energy, efficiency and resolution 
performance of the detector, and to compare the performance with sodium iodide and germanium detectors.  
 
Monte Carlo (MCNP) simulation was used to select optimum air filter geometries (concentric cylinder), to examine 
efficiency improvements for aluminum vs. steel detector wall material (aluminum ~50% more efficient), and to 
estimate optimum shield dimensions for an HPXe based nuclear explosion monitor. 
 
MCNP modeling was also used to estimate the detection sensitivity of the HPXe detector for the nuclear explosion 
fission product indicator,140Ba.  Background spectra for the HPXe detector were calculated with MCNP by using 
input activity levels as measured in routine NEM runs at Pacific Northwest National Laboratory (PNNL). Analysis 
of the composite spectra indicates that the required detection sensitivity for 140Ba can likely be met using the  
537 keV gamma peak in the composite spectrum of the HPXe detector. Based on the Phase I project results, a design 
concept was defined for a NEM Prototype to be developed in the Phase II program. 
 
HPXe appears to be a candidate for applications requiring simple, high reliability ambient temperature radionuclide 
measurement systems with slightly less energy resolution capability than that of cooled germanium systems. 
Unfulfilled applications exist now for these performance capabilities in nuclear non-proliferation, homeland 
security, nuclear site cleanup, nuclear power, and portable instruments for health physics needs. 
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OBJECTIVES 
 
The overall purpose of this R&D project is to evaluate potential performance benefits of ambient-temperature  
HPXe detectors for applications in the NEM program. The project is focused on matching the capabilities of  
HPXe detector systems with both the measurement requirements and operational considerations for specific  
NEM applications.  

Specific objectives of Phase I project were as follows: 
1. Identify a promising HPXe detector for NEM application; measure the basic detector parameters to provide 

data for calculations of performance and detection sensitivity limits for specific NEM applications. 
2. Develop and verify an MCNP model for HPXe-based systems that can provide quantitative evaluation of 

the performance for HPXe-based systems and optimization of designs for specific NEM applications. 
3. Define a conceptual design for an HPXe-based NEM prototype system for field testing. 

 

RESEARCH ACCOMPLISHED 

Background 

Radioisotope identification for NEM by gamma spectroscopy requires extremely reliable high-resolution and  
high-efficiency gamma detectors. Although high purity germanium (HPGe) detectors now represent the energy 
resolution performance standard for laboratory gamma spectroscopy, their inherent reliability issues and requirement 
for cryogenic cooling present practical operational problems in applications for field or remote nuclear security 
monitoring. The final summary slide of a recent seminar (Aiken, 2007) with participation by eight federal 
government agencies with nuclear security missions listed the first priority item needed for improved nuclear 
detection and response capability as: “New detector materials to provide high resolution ambient temperature 
operation.”  

A brief summary of the current status of germanium detectors and of candidates for non-cooled detectors for 
radionuclide specific nuclear security applications is shown in Table 1. The two alternate technologies that appear to 
hold the most immediate potential for higher resolution ambient temperature detectors for nuclear security are  
La-halide scintillation crystals and high-pressure xenon chambers.  

Table 1: Candidate Detector Technologies for Nuclear Explosion Monitoring 

 

 
The goals of this R&D project are to evaluate HPXe detector performance as applied to improvements in nuclear 
explosion monitoring, and to develop and test a prototype system that will allow prompt field evaluation of 
promising NEM applications. This paper describes the Phase I effort consisting of selection and characterization of 
HPXe detectors for NEM applications, and of conceptual design of a NEM system prototype unit to be developed in 
the Phase II project. 

Detector 
Type 

Resolution  
at 662 keV 

Active 
Volume Stability Reliability Practical Limitations 

HPGe 0.2-0.5 % moderate Excellent Moderate Need for cryogenic cooling & vacuum, 
mechanical ruggedness, size limit, cost 

HPXe 1.7-2.4 % Excellent Excellent Excellent Low density, less high energy 
efficiency, cost, evolving technology 

CdZnTe 2-3 % Poor Poor Moderate Very small size, poor long-term 
stability, cost, evolving technology 

La-Halides 2.5-4 % Moderate Moderate Unknown Temperature dependent output, natural 
radioactivity, cost, evolving technology 

NaI 7-9 % Excellent Moderate Excellent Insufficient resolution, drift, crystal 
fracture 
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The first activity of the Phase I project was selection of an HPXe detector suited for NEM applications and 
characterization of the detector performance by experimental measurements and MCNP5 simulations. Detection 
sensitivity for an HPXe-based NEM system was then estimated by combining the performance characterization data 
with the reported background data from field operation of radionuclide aerosol sampler analyzer (RASA) systems. 
Design concepts for the NEM prototype unit to be built in the Phase II effort were then defined based on the  
Phase I results.  
 
Detector Selection and Characterization  
 
Detector Selection - The primary performance benchmarks for the HPXe-based NEM are the specifications of the 
National Aeronautics and Space Administration solicitation and of the International Monitoring System (IMS) 
requirements for certification. As reported in the literature, the IMS required detection sensitivity specification is 
met by both the PNNL RASA system with a 90% HPGe detector (Miley, 1998) and by the EML AUTORAMP 
system with a 30% HPGe detector (Lanner, 1977). The active volume of a germanium detector of 90% relative 
efficiency is about 350 cc.  

The density of germanium (5.3 g/cc) is about 13 times greater that of xenon as compressed to 0.4 g/cc in the  
HPXe detector. However, the photopeak efficiency per unit volume is much closer for the two materials, since 
photoelectric cross section in the energy range below 600 keV is proportional to between Z4 and Z5. Thus, the 
photoelectric cross section of xenon (Z=54) is about 8–14 times greater than for germanium (Z=32) over the  
100–600 keV energy range of interest for detection and quantification of 140Ba.  
 
In view of the atomic number and density differences between HPXe detectors and germanium detectors, a Frisch-
grid HPXe detector of active dimensions 11.4 cm diameter by 20.3 cm length (4.5 in. diameter X 8 in. length) and 
2.4% full width at half maximum (FWHM) resolution at 662 keV was selected for testing as a candidate to meet the 
IMS sensitivity spec. The test HPXe detector, shown in Figure 1, has an active volume of more than 1900 cc, or 
more than 5 times that of the 90% germanium detector. The increased diameter and length for this HPXe detector as 
compared to the 90% germanium detector also allows the use of a single filter of large area for NEM monitor 
applications. 

      

                            
 

Figure 1 HPXe Test Detector (Front) during Test Series at UC-Irvine  
 

Detector Characterization - Authoritative energy and efficiency calibration data were obtained for the selected  
HPXe detector by obtaining measured spectra using a custom 9-radionuclide point source with NIST traceability. 
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All counting experiments were performed at the University of California -Irvine research reactor facility using 
commercial radionuclide sources and special sources prepared by reactor irradiations. The calibration parameter 
measurements were made with the point source positioned at 25 cm from the detector axis at the midpoint of the 
detector length.  

The energy versus channel number measurements at ten energy points from 88 keV to 1836 keV were fitted with 
insignificant residual differences to a linear equation for energy versus channel number : E = -7.596 + 1.013. As 
expected, the energy response of the HPXe detector was very linear.  

FWHM energy resolution measurements were also made for the HPXe detector at energies of the peaks of the  
9-radionuclide calibration source. Energy resolution was calculated using the Gaussian fitting routine of the Genie 
2000™ Gamma Acquisition and Analysis software. The resolution equation with coefficients fitted to the measured 
resolution of the HPXe detector (2.4% FWHM at 662 keV) is shown in Figure 2. An MCNP calculated case for a 
detector with the same dimensions as the test detector, but with 2.0% resolution at 662 keV is also shown.  
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Figure 2 HPXe Test Detector Resolution Calibration 

The 9-radionuclide source was then used to measure absolute photopeak efficiency over the 88-1836 keV range for 
the HPXe detector, as well as for a 30% germanium detector and a 3X3 NaI detector in the same geometry. Figure 3 
shows that the photopeak efficiency of the selected HPXe detector (green line/yellow measured points) excels below 
about 400keV as compared to the 30% germanium detector, and offers similar efficiency as that of the germanium 
detector above 400 keV. As compared to a 3X3 NaI detector, the test HPXe detector efficiency is greater than that of 
a 3X3 NaI detector below 200keV, but significantly less at all energies above 200 keV. 

Detector Stability  

Detector stability with respect to time and temperature is a very important consideration for nuclear monitoring at 
remote stations and for field measurements with portable radionuclide measurement systems. Spectra with gain shift 
due to drift with time or temperature are much more likely to result in incorrect identification of radionuclides, 
particularly if the spectra are transmitted to central stations for analysis.  

Measurements previously reported by one of the investigators confirmed that the gain and temperature stability of 
HPXe detectors is excellent (Beyerle, 2005). Time variance of the gain was measured to be less than + 0.02% per 
week. The temperature stability of the HPXe detector was measured to be about + 0.2% over the extended range of 
25°C–80°C (77°F–176°F). Temperature stability is important for applications such as outdoor air monitoring or 
vehicle portal monitoring systems where the detector temperature may change significantly on a daily and seasonal 
basis. 
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Figure 3 Efficiency Comparison of HPXe, NaI and HPGe 

Monte Carlo Simulations 

Because Monte Carlo simulations with MCNP5 were used to predict HPXe detector performance not conveniently 
confirmed by direct measurements in the Phase I project, the ability of the MCNP simulations to accurately predict 
HPXe performance was experimentally confirmed. Individual HPXe spectra were obtained with commercial sources 
of 57Co (122.1 keV) and 137Cs (662 keV), and with custom short lived sources of 128I (442.9 keV), 64Cu (511 keV), 
41Ar (1293.5 keV) and 28Al (1779.0 keV) prepared and counted at the UC-Irvine research reactor.  

Figure 4 shows comparisons over two energy ranges of experimentally measured spectra and MCNP spectra corrected 
to give the 2.4 % FWHM resolution of the test HPXe detector. Note that all basic features of the photopeak, Compton 
edge, back scatter edge, escape peaks, and x-ray emissions and edges that appear in the measured spectrum are also 
apparent in the MCNP simulation. 
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Figure 4 Comparison of Measured and MCNP5 Single Line Spectra for HPXe  
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The experimental detector runs were made with an unshielded detector, thus giving a much larger background 
continuum over the low energy range than did the MCNP simulated spectra that did not include background 
components. A rudimentary shield of lead pieces was constructed around the HPXe detector for an experimental 
background measurement. The integrated count of the background over the energy range of 100keV -1000 keV for 
shielded versus unshielded showed a reduction by a factor of more than 14 in gross background counts. The custom 
designed detector, electronics and shield of the Phase II program will significantly reduce the background, and are 
expected to bring the MCNP simulation and observed performance into close quantitative agreement.       
 
Once the general credibility and bounds of applicability of the MCNP model were established during Phase I, the model 
was used to resolve questions and to guide the development effort in several areas: 

• A source sample geometry of a concentric cylindrical filter was modeled in MCNP with a 9-radionuclide mix 
evenly distributed over the cylindrical shell to provide energy-dependent efficiency coefficients for the anticipated 
concentric cylindrical filter geometry of the NEM prototype system.  

• MCNP simulated background spectra were generated for the HPXe detector and source geometry as expected 
from background components collected during a typical 24 hour NEM sampling period. The input source term for 
the MCNP runs was taken from concentration levels provided by PNNL from routine sampling runs with the RASA 
system. 

•  The effect of xenon gas pressure (xenon density) on detector performance was evaluated as a means to quantify 
the effect of xenon density on both the efficiency and peak-Compton ratio for a fixed detector volume. 

• The effect of the thickness of the steel wall of the HPXe detector was evaluated, as was the improvement in 
efficiency by constructing the detector wall of aluminum rather than steel. The MCNP results predict that aluminum 
gives an efficiency improvement for this detector of about 50% at 122 keV, declining to about a 10% improvement 
at 1836 keV. 

• An MCNP model of a 5 cm thick lead shield closely spaced around the cylindrical sample was used to predict 
the amount of backscatter and pair production in the shield volume from the known aerosol background components 
in the filter and to ensure that they would not cause interference at crucial points of the gamma spectrum. This 
model will be used to evaluate the benefit of a copper liner on the inside wall of the shield for the NEM Prototype 
system of Phase II.  

Estimating HPXe Performance for NEM Applications 

The second major objective of Phase 1 was to estimate the performance of HPXe detectors for the radionuclide mix 
of the Comprehensive Nuclear-Test-Ban Treaty-IMS application as defined by previous RASA/Automated 
Radioxenon Sampler/Analyzer (ARSA) work. In the absence of an air sample collection system and an effective 
shield for the HPXe test for the Phase I effort, field data from the RASA program provided by PNNL were used to 
estimate system background and interference under typical IMS sampling conditions.  

Performance targets for NEM radionuclide measurement systems were taken from two sources: the NNSA 
specification of the solicitation, and the IMS specification for radionuclide monitoring systems for certified IMS 
monitoring stations. The nominal IMS collection/counting cycle is a 24 hour collection period, a 24-hour delay for 
decay of natural background components on the filter, and a 24 hour counting time.  

For IMS certification, NEM radionuclide measurement systems are required to have a detection sensitivity  
of < 30 μBq/m3 of 140Ba for the nominal counting cycle with collection of a 12,000m3 sample on the filter. The 
NNSA solicitation for this topic area stated a slightly different requirement of 20 μBq/m3 of 140Ba in air for a  
25,000 m3 sample collected during the 24 hour sampling period. The two specifications are similar in the required 
detector performance, with the IMS specification requiring slightly better detector performance than the  
NNSA requirement.  

Estimating counts were recorded in HPXe spectra for various concentrations of 140Ba. The five gamma energy 
emissions from 140Ba that have greater than 1% relative abundance are listed in Table 2. MCNP runs were made with 
input parameters corresponding to the selected HPXe detector with 140Ba distributed randomly on a concentric 
cylindrical filter source of 15.2 cm diameter by 20.3 cm length (6 in. diameter by 8 in. length). The IMS cycle of  
24-hour collection, 24-hour decay, and 24-hour count time was applied for four cases of airborne 140Ba concentrations 
and total volumes of air sampled through a used filter. (A “used” filter is defined as a filter containing the airborne 
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particulates routinely collected by sampling the specified total volume of air at the required collection efficiency, but 
not containing fresh fission products from a nuclear explosion.) 

Table 2 MCNP Calculated Net Counts for Four Test Cases 

140Ba Decay Data  Counts in 140Ba peaks for 4 Sample Cases 

Eγ (keV)  f
or 140Ba  
Lines of  < 
1% Iγ 

   
Iγ (%)
     

20uBq/m3   
12,000 m3   

30uBq/m3   
12,000 m3   

20uBq/m3   
25,000 m3  

30uBq/m3   
25,000 m3   

162.66  6.2 1498 2110 3340 5028    

304.85 4.3 537 768 1154 1761 

423.73 3.2 186 274 457 600 

437.58 1.9 145 205 305 399 

537.26 24.4 947 1379 2068 3065 

 

Estimating Spectrum Baseline and Interference under NEM System Conditions - An analysis of data from the 
RASA and ARSA programs shows that the major contributors to the natural gamma spectrum baseline for a “used” 
filter are 7Be, 40K, 212Pb / 212Bi / 208Tl from the thorium decay series, and 214Pb / 214Bi from the 238U decay series 
(Arthur et al., 2001). During the Phase I project, PNNL provided used RASA filters for counting on the  
HPXe detector, but the delay caused by logistics of handling and shipping the sample caused the measurements to be 
unrepresentative because of the rapid decay of the major natural products on the filter. 

An analysis of PNNL data from the RASA program indicates that most of the significant gamma peaks and 
continuum counts in a spectrum for IMS measurement conditions are produced by the gamma emissions from the 
filter as shown in Table 3. The gamma emission rates of Table 3 were used as input source terms for runs with the 
MCNP model for the concentric filter around the 2.4% HPXe detector. 

Table 3 Gamma Emissions from Used Filter with 24 Hour delay 

 
In order to simulate a NEM spectrum, a composite spectrum was generated by a channel-by-channel summing of 
counts in the MCNP generated 140Ba spectrum with counts in the used filter spectrum from MCNP runs for an 
assumed HPXe resolution of 2.4%. Figure 5 shows both the baseline-only spectrum (blue line) from used filter 

Gamma 
Energy 
(keV) 

Intensity    
% 

Gammas/   
Second 

Radionuclide    
Source    

238.6 43.3 17.41 Pb-212 
277.4 6.13 0.94 Tl-208 
300.1 3.28 1.32 Pb-212 
477.6 10.52 3.34 Be-7 
510.8 22.6 3.48 Tl-208 
583.2 84.5 13.01 Tl-208 

Gamma  
Energy  
(keV) 

Intensity   
% 

Gammas/   
Second 

Radionuclide    
Source    

727.3 6.58 2.87 Bi-212 
785.4 1.102 0.48 Bi-212 
860.6 12.42 1.91 Tl-208 

1460.8 11.00 0.78 K-40 
1620.5 1.49 0.65 Bi-212 

2614.53 99.0 15.25 Tl-208 
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background activity, and the composite spectrum of the sum of used filter and 140Ba counts (red line) for the  
NNSA and IMS specification for NEM systems. The 140Ba peaks at 305, 424 and 438 keV have low intensity and 
interferences that would prevent their use for 140Ba quantification. The 163 and 537 keV peaks appear to be viable 
candidates for 140Ba analysis.  
The 163 peak will generate the most counts because of the very high efficiency of the HPXe detector in the  
100–200keV range. Although the MCNP calculated baseline is fairly low in this energy region, the actual baseline 
will be larger than shown because of counts from low energy background sources not included in the input source 
data for the MCNP model. 

The 537 keV peak has very good potential to provide quantitative results for the stated 140Ba concentrations and 
sampling conditions with the 2.4% FWHM HPXe detector. The 537 peak of 140Ba overlaps the 511 peak and x-ray 
escape peak of the 583 line, but the multiplet resolution routines of commercial analysis software package could 
readily extract a quantitative number from the data shown. Since the energies of the 140Ba and 208Tl peaks are 
known, a deconvolution algorithm based on fitting the three Gaussian peaks to the known energies should give even 
better quantitative results for 140Ba. 

2.4%FWHM,  20mBq/m 140Ba, 25Km3 Filter, 24 hr delay
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2.4% FWHM, 30mBq/m3 140Ba, 12Km3 Filter, 24 hr delay
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Figure 5 HPXe (2.4% FWHM) Spectra for NNSA and IMS Specifications 

One of the first tasks of the Phase II program is to produce an HPXe detector with the same active volume 
dimensions as the test HPXe detector of Phase I, but with energy resolution of < 2.0% FWHM at 662 keV. A 
smaller HPXe detector is routinely produced with < 1.7% FWHM resolution, thus, production of the  
2.0% detector for the NEM application is expected to be a straightforward engineering development effort. The 
theoretical resolution limit for HPXe detectors is less than 1%. 
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 20mBq/m3 Ba-140,  25,000m3  (NNSA Spec)
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30mBq/m3 Ba-140,  12,000m3  (IMS Spec)
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Figure 7 HPXe (2.0% FWHM) Spectra for NNSA and IMS Specifications 

Figure 7 shows the calculated spectra for the NNSA and IMS standard conditions with an HPXe detector of 
2.0% resolution. The 537 keV 140Ba line is now clearly resolved from the 208Tl peak at 511 keV and the x-ray 
escape peak of the 538 keV gamma emission of 208Tl. 

Estimating Detection Sensitivity - Because the background from the filter could not be experimentally 
measured on an HPXe detector during the Phase I program, the calculation of the lower detection limit for 
140Ba for a HPXe-based NEM system is subject to large uncertainties with the present information. However, a 
preliminary estimate of detection sensitivity was made using the Currie methods (Currie, 1984) for calculating 
concentration detection limits at 95% confidence levels for gamma spectra. Input parameters used were the 
calculated absolute efficiency of 0.015 at 537 keV for the concentric cylindrical filter, and baseline count data 
in a 13keV window under the 537 keV peak as shown in Figure 7. Using the IMS conditions of a  
12,000m3 sample, a 24 hour decay time and a 24-hour counting time, the calculated critical count level is  
173 counts, and the concentration detection limit for 140Ba is 11.2 μBq/m3 for a 2.0% FWHM HPXe detector of 
the dimensions of the test detector. (The IMS spec is < 30 μBq/m3.) 

Again, the MDC calculation has a very large uncertainty at this stage of the project for the reasons mentioned. 
A series of bench test measurements with shielded HPXe detectors and freshly collected filter samples will be 
performed early in the Phase II program to provide the data required to calculate an authoritative MDC for the 
HPXe NEM Prototype system.  

Conceptual Design for the NEM Prototype System 

A third goal of the Phase I program was to develop a conceptual design for a Phase II explosion monitor prototype 
that best meets the specifications and intent of the SBIR subtopic.  

An extensive base of practical information was made available to investigators by the developers of the two U.S. 
HPGe-based NEM systems that have demonstrated the ability to meet the IMS specification.  The Investigators were 
given hosted visits to PNNL in Richland Washington to review an operating RASA monitor, and to DHS-EML in 
New York City to review an operating AUTORAMP NEM monitor.   

The preliminary concept for the NEM Prototype system to be designed and constructed during the Phase II effort is 
as follows: 

Detector—For improved resolution and ruggedness, the NEM HPXe detector will be a gridless design which is 
expected to give a FWHM resolution of < 2.0% at 662 keV. The dimensions and active detector volume of the  
NEM Prototype detector will be the same as for the Phase I test HPXe detector, but the detector package size will be 
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minimized by separating the high voltage power supply and a portion of the signal processing electronics from the 
detector package.  

Filter—A cylindrical pleated filter cartridge of about 14 cm ( 5.5 in.) I.D. by 20.3 cm (8in.) length, with a nominal 
2.5 cm (1.0 in.) thickness will be used in the HPXe-based prototype system. Based on the AUTORAMP pleated 
filter area multiplication factor of more than 2.5, the effective filter area for the cartridge is about  
2430 cm2 (377 in2). The cartridge filter concept has proven to be both effective and highly reliable for automated 
sample changing during field operation of the AUTORAMP system.  

Air Sampling System—Air flow for the air sampling system will be provided by a centrifugal blower unit that draws 
outside air through the filter chamber. A commercially available integral blower and motor unit with continuous 
duty cycle rating will be purchased that provides the 12,000 flow rate required by the IMS specification. A 
blower/motor unit similar to the units used in either the RASA or AUTORAMP systems would provide the required 
airflow performance.  

Shield—A custom lead shield will be designed to provide a minimum of 2” thickness of lead. The shield will be a 
vertical cylindrical design with a split top lid that can be opened and closed under computer control for automated 
filter cartridge insertion and removal.  

System Computer and Control Software—The NEM Prototype system will use an industrial grade PC with a master 
control program to control operations, provide data acquisition, analysis, archiving, reporting, diagnostics and 
communications. The master control program will be defined and developed internally as one of the major tasks of 
the Phase II program, and will integrate commercial off-the-shelf software for spectrum analysis and auxiliary 
functions where possible to minimize the extent of development of new computer code. 

Automatic Filter Cartridge Sample Changer—Since an automatic sample changer is not required to evaluate the 
detection sensitivity performance of the prototype unit, a sample changer will not be incorporated into the initial 
NEM Prototype unit. Provisions for adding the sample changing mechanism and software at a later time will be 
designed into the initial unit based on the requirements of the first field application for the NEM Prototype unit. 
Commercial robotic XYZ systems of the type used in the AUTORAMP system are available with control software 
packages that are compatible with operation by the master control program software of the NEM Prototype. 

 

CONCLUSIONS AND RECOMMENDATIONS  

The Phase I experimental measurements and MCNP simulations based on previous RASA experiences indicate 
that a NEM system based on the selected 2.4 % resolution HPXe detector will likely meet IMS and  
NNSA specifications. Spectra generated and calculated using MCNP5 for 140Ba and filter baseline show 
sufficient counts for the 537 keV peak to allow 140Ba to be detected and quantified at meaningful levels for 
NEM applications.  

The MCNP simulations also indicate that further improvements in detection sensitivity provided by changing 
to a gridless detector design with < 2.0% energy resolution will further enhance the detection sensitivity for 
NEM applications. A Phase II proposal has been submitted with detailed goals, work plans and schedules for 
development and testing of a recommended HPXe-based NEM Prototype system. 

During the review of activities in the nuclear non-proliferation area, it became apparent that the NEM program also 
has an active need for versatile field measurement systems for site inspection and follow up of suspect events. 
NNSA’s need for high resolution ambient temperature portable and transportable nuclear measurement systems is 
shared by several other US agencies and international groups with nuclear security missions. The rugged, stable 
HPXe detector appears to have strong potential to provide practical solutions for many of these unfulfilled 
measurement needs.  

ACKNOWLEDGEMENTS 

The Investigators for the Phase I project received cooperation and technical assistance both from the DOE PNNL 
RASA/ARSA technical staff, and from the DHS Environmental Measurements Laboratory and retired EML staff 
member, Colin G. Sanderson.  
 

 

29th Monitoring Research Review:  Ground-Based Nuclear Explosion Monitoring Technologies

796



 

 

REFERENCES 

Aiken, S. C. (2007).Health Physics Aspects of Homeland Security, Proceedings of the 11th Annual Savannah River 
Chapter HPS Technical Seminar.  

Arthur, R. J., T. Bowyer, J. Hayes, T. Heimbigner, J. McIntyre, H. Miley, and M. Panisko (2001). Radionuclide 
measurements for nuclear explosion monitoring, in Proceedings of 23rd Seismic Research Review: Worldwide 
Monitoring of Nuclear Explosions, LA-UR-01-4454, Vol. 2, pp. 57–63. 

Beyerle, A. G. (2005). Stability of high-pressure xenon gamma-ray spectrometers, in Proceedings of Hard X-ray 
and Gamma-Ray Detector Physics VII, International Society for Optical Engineering. Vol. 5, pp. 922–928.  

Currie, L. A. (1984). Lower Limit of Detection: Definition and Elaboration of a Proposed Position for Radiological 
Effluent and Environmental Measurements, USNRC NUREG/CR-4007, p.133. 

Lanner, N., C.G. Sanderson,  V.C. Negro, S.Wurms, and N.Shiu, (1997). AUTORAMP—An Automatic Unit for 
Unattended Aerosol Collection, Gamma-Ray Analysis and Data Transmission from Remote Locations, 
Radioactivity and Radiochemistry 8: (3), 25–30.  

Miley, H. S., S. M. Bower, C. W. Hubbard, A. D. McKinnon, R. W. Perkins, R. C. Thompson, and R. A. Warner 
(1998). A description of the DOE Radionuclide Aerosol Sampler/Analyzer for the Comprehensive Test Ban 
Treaty, J. Radioanal. Nucl. Chem. 235: (1–2), 83–87. 

 

29th Monitoring Research Review:  Ground-Based Nuclear Explosion Monitoring Technologies

797



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




