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Executive Summary 

In the 1990s, Pacific Northwest National Laboratory staff developed the Radionuclide Aerosol Sampler 

Analyzer (RASA) for worldwide aerosol monitoring. RASA won an R&D 100 award in 1998 and a 

Federal Laboratory Consortium tech transfer award in 2000. For the last several years, staff of PNNL and 

Creare have made investigations into aspects of upgrading the RASA. Key themes have been a modular 

approach to additional radionuclide measurements, optimizing the sampling/analyzing times to improve 

detection and location capability, and improving the power consumption via the use of electrostatic 

collection versus classic filtration. These individual efforts have been made in the context of retrofits to 

the existing RASA. In in this work, we consider a complete RASA redesign at a notional level. Individual 

studies reported here contain theory and experimental investigations, but none of these has been tested 

with the others, and further work is needed to verify these gains. With these caveats, this work shows that 

substantial optimization of detection and location capability of a network of RASA systems is possible, 

RASA use cases can be addressed with additional measurements, and electrostatic collection is a practical 

advantage, although more work is needed. The quite unexpected result of this study is that some 

optimization of the existing RASA is possible without any hardware changes at all.  
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Acronyms and Abbreviations 

BEGe  Broad Energy Germanium (detector) 

cfm  cubic feet per minute 

CTBT  Comprehensive Nuclear-Test-Ban Treaty 

ESP  electrostatic precipitator  

FWHM full width half maximum 

HPGe high-purity germanium  

HVAC heating, ventilation, and air-conditioning 

IMS  International Monitoring System 

MDC minimum detectable concentration  

MSDS Material Safety Data Sheet 

PNNL Pacific Northwest National Laboratory  

RASA  Radionuclide Aerosol Sampler/Analyzer 

SUL  Shallow Underground Laboratory (at PNNL) 

ULB ultra-low background  
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1.0 Monitoring History that Led to the Radionuclide Aerosol 
Sampler/Analyzer  

Environmental monitoring of the Hanford site began in the 1940s (Singlevich 1948) including soil, water, 

flora, fauna, and the atmosphere. By the early 1960s, continuous monitoring of the atmosphere had begun 

(Perkins et al. 1990). The early approach to atmospheric monitoring employed a very high volume 

(500-1000 cfm or 874-1748 m3/h) aerosol sampler collecting aerosols on a filter for up to a month, 

followed by a period of decay for radon daughter isotopes, then two weeks of measurement on a large, 

dual-crystal sodium iodide (NaI) radiation detector (Figure 1.1). This approach yielded excellent results, 

as seen in Figure 1.2, detecting nuclear explosions in the atmosphere of the northern hemisphere for 

decades. In early years shown in Figure 1.2, dual NaI was employed on 500 cfm (874 m3/h) samples, and 

in later years, dual high-purity germanium (HPGe) detectors were employed on 1000 cfm (1874 m3/h) 

samples. One disintegration per minute per thousand standard cubic meters (1 dpm/kSCM) is about 

17 µBq/m3. Thus, the approximately 0.05 dpm/kSCM detection limit (DL – blue line on Figure 1.2) for 

these systems was about 1 µBq/m3. By comparison, IMS sensitivity range is 10-30 µBq/m3 (red lines on 

Figure 1.2). The manual system of the 1980s was more sensitive than the automatic system of the 1990s, 

although the 1990s saw the establishment of a network of 1000-km station separation, rather than 10,000 

km source-to-sampler distance employed in earlier PNNL work. This continuous monitoring activity was 

eventually ended post-Chernobyl due to the rarity of aboveground or leaking nuclear tests compared with 

the high cost of manual operation.  

 

 

 

Figure 1.1.  A Dual Sodium Iodide (NaI) Detector System in Use at Pacific Northwest National 

Laboratory before High-purity Germanium Detectors were Prevalent (Reeves 1992, 

Wogman 1969) and Analyzed with a Multidimensional Scheme (Brauer 1975) 
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Figure 1.2. 140Ba versus Time (Perkins et al. 1990) Showing Correlation with Atmospheric or Leaky 

Nuclear Tests. 

By the 1990s, the news cycle had become a 24-hour phenomenon, and it was far from acceptable to have 

a month-long response time to satisfy leadership decision-making process. Also, in the 1990s it became 

apparent that aerosol collection and measurement functions could be automated, and by using large, 

modern germanium detectors, daily samples could be measured at sensitivities better than the original 

one-month samples on dual NaI detectors (Miley 1997). The original time period (two weeks) was 

selected because of the poor knowledge of the movement of the atmosphere. Event identification was 

based on age-dating methods using two or more isotopes and coordinating with seismic observations. In 

the 1990s, a faster scheme gave higher-quality nuclear results and was reasonably matched to atmospheric 

science calculations of transport times, with one day of collections, one day of natural radioactivity decay, 

and one day of measurement. Seismic location uncertainty of approximately 1000 km2 was dwarfed by 

atmospheric location uncertainty of approximately 100,000 km2. So, radionuclide measurements 

contributed in coordination with seismic signals to address the nuclear nature of a seismic event by the 

use of isotopic ratios to discriminate reactor releases from nuclear explosions. 
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2.0 Radionuclide Aerosol Sampler/Analyzer Use Cases 

The initial purpose for the Radionuclide Aerosol Sampler/Analyzer (RASA) project was monitoring for 

nuclear explosions. However, the historical monitoring experience the RASA was built upon already 

included detection of civilian nuclear accidents. Indeed, the RASA was very useful in detecting and 

understanding the Fukushima nuclear disaster (Biegalski et al. 2012; Le Petit et al. 2012). While the 

offshore wind spared the Japan public a much larger dose, the wind blew toward the International 

Monitoring System (IMS) RASA in Takasaki for a short time, and the isotopes and ratios helped distant 

analysts understand the disaster with information of the first kind. Later, RASAs in North America 

reported the progress of the plume, ensuring that there was no health risk to the public, as a consequence 

management benefit, but also showed (Figure 3) that ratios of short-lived isotopes were useful to indicate 

that the event was purely a reactor release. 

 

Figure 2.1.  Short-lived Iodine Isotopes Measured in the International Monitoring System Show No 

Deviation from a Reactor Isotope Model. Shown with 1 sigma uncertainty. A small 

admixture (approximately 10%) of explosion iodine would cause a variation of 

approximately 2x in this curve. 

However, these benefits came with hard lessons (e.g., in Forrester 2011) about shortcomings in the RASA 

design, which the authors address in Section 3.0. Further, several studies might contribute to a better 

design (Hubbard 2017; Morris 2017). 
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3.0 Review of RASA Use Cases 

One design lesson was about the three-day RASA timing choice. Radioactive aerosol science is relatively 

mature, with decades of worldwide observations. By comparison, collection and measurement of xenon 

isotopes is a new field. Yet, the shorter time from collection to reporting of xenon meant that 72-hour 

delayed aerosol data were largely ignored, even though aerosols contain valuable human health 

information. There are several design options that allow the RASA to cover high-level signals 

(atmospheric tests, reactor failure) with fast response time, and, at the same time, allow RASA to address 

mid-level signals (leaky underground tests, poor civilian nuclear industry operation) where natural radon 

decay isotopes are an impediment, and also address very low-level signals (well-contained underground 

tests).  

These measurements can be accommodated in a single system in a modular way: 

• True real-time gross radiation measurement of collected sample 

– Consequence management 

– Location refinement from time of arrival for remote explosion monitoring 

• Early isotopic measurement for high-level samples 

– High-level event characterization within hours after collection, more than two days sooner 

– More sensitive for short half-lived isotopes, like 133I (T1/2 = 20.8h) or 132I (T1/2 = 2.3 h) 

• Measurement after modest radon decay, the classic IMS use case 

– Balanced sensitivity and timeliness 

• Very low background measurement after one week of decay 

– Confirmatory measurement for early-time or IMS positive detects 

– May add isotopes for low-level event characterization 

– Ten times more sensitive for longer-lived isotopes, like 131I (T1/2 = 8 days). 

In the 1990s, the original design of the RASA was for a moderately low-level use case (Kalinowski and 

Schulze 2002). In other words, the signals of interest (e.g., a leaking underground nuclear test at a great 

distance) were expected to be weaker than the signals created by the decay products of natural radon 

found in the atmosphere: 212Pb, 212Bi, 214Pb, 214Bi, and 208Tl. The informal network design criteria included 

a 90 percent probability of detection within two weeks. The two-week time period was driven in part by 

slow air transport in equatorial regions. The low-level use case required three days to complete any 

sample. It seems likely that this use case could be updated using modern technology to achieve the same 

sensitivity as the original RASA from a 12-hour or perhaps 8-hour collection, thus driving a significantly 

smaller location uncertainty (Eslinger et al. 2016). 

The Fukushima disaster provides an example of the consequence management use case. In this disaster, 

which released on the order of 10-kilotons-worth of fission products, signals were many times stronger 

than natural radioactivity, and the results were substantially later than desirable. Obviously, waiting 

24 hours for negligible radon-related signals to decay was counterproductive. Consequence management 

could be accommodated by a radiation detector measuring radioactivity on the filter as it accumulated. 

This would give indication of the arrival of gross radioactivity in the air in real time. Linked to local, 

state, or national emergency management, the information would be invaluable in directing actions to 

protect life and property (Burnett et al. 2017). 
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Atmospheric or surface nuclear explosions are the intentional IMS aerosol use cases, and yet the 

Fukushima disaster showed the RASA was not optimally designed for high-level samples one would 

obtain from those sources. For this type of sample, the arrival time information obtained from the 

consequence management detector mentioned above would be valuable, but for this situation it is 

important to discriminate and quantify the isotopes detected to differentiate explosion signals from a 

reactor accident. High-activity, short-lived isotopes worked well for this with Fukushima samples, and 

showed that fission had stopped. One good solution to obtain this capability in a next-generation RASA 

could be a detector (or detector pair) measuring activity on the filter just after the end of sample 

collection, in what was the decay position for the original RASA. This isotopic measurement could be 

executed in a short period of time for a hot sample, and a variable-aperture shield for the detector could 

protect against very high radiation samples.   

A third use case for the RASA is for slight leakage from a well-contained underground test, or a similar 

size leakage from civilian nuclear activity. Very low signal use cases like this would benefit from a long 

sample collection time and very low background detection. It has been shown that a one-week decay time 

for natural radioactivity before RASA measurement would allow detection limits for fission products to 

be improved by a factor of 10. The authors calculate that an improvement of this magnitude would have 

allowed the detection of 131I, in the average U.S. underground leaker (Miley et al. 2009; Aalseth et al. 

2009). 
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4.0 Notional Conceptual Design for a Next-generation RASA 

The key pre-conceptual design features of the original RASA were a sample head with a collection 

medium that can be mechanically advanced and physically concentrated into one or more radiation 

measurement stations (Figure 4.1).   

 

Figure 4.1.  Pre-conceptual design from ST-271 proposal from PNNL to NA-22, 1992 

The original RASA development (Miley et al. 1998) used a multiplexed, high-volume sample head 

arranged with strips of fibrous filter through which air passed, induced by a pressure drop created by a 

simple centrifugal blower (Figure 4.2). The filters were arranged radially in a semicircle and came 

together through a pair of rollers with wider, sticky strips of plastic to form a filter bundle. A pair of 

rollers gripped the filter bundle, and pulled it through the entire system, which advanced a section of filter 

from the sample head to a decay position, and then to a measurement position. 

 

Figure 4.2.  RASA Mark 4 Design Employing Six Strips of Filter, Compression Rollers with 

Encapsulation, a Trip Around a Radiation Detector, and an Exit, all Facilitated by a Single 

Pair of Drive Rollers.   
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In the RASA Mark 4 design, a sample head holds six strips such that a large sample area reduces the flow 

per square cm, reducing the pressure drop and the power needed to collect a large sample. Then, the large 

sample is compacted into a single strip, protected with a polyester covering, which wraps around the high-

resolution germanium detector. A single pair of drive rollers powers the sample movement. The system is 

programmed to optionally allow a decay period between the sample under collection in the sample head 

and the sample under measurement in the detector. A next-generation RASA could employ electrostatic 

collection or a fibrous filter medium. The physical realization could accommodate all four of the 

measurements described in Section 3.0 such that the three RASA use cases could be simultaneously 

achieved or could be deployed in a modular way. 

4.1 Radiation Detection 

In Figure 4.3, four radiation detectors are positioned in the flow from the starting media roll to the archive 

media roll. Each of these represents an opportunity to tailor the radiation detection for the possible signals 

in various use cases (e.g., extremely elevated signals to extremely low-level signals) with various decay 

possibilities between each. Nominal, obvious detector choices exist, but alternatives are possible. 

 

Figure 4.3.  Pre-conceptual Design for the Next-generation RASA (not to scale). This concept includes 

all the functionality of the original RASA, but also can support signal level regimes other 

than a modest underground leak by the use of additional radiation detectors. 

Table 4.1 presents some obvious choices and alternatives for radiation detection. In most cases, the 

detector with finer energy resolution is superior for differentiating and quantifying isotopes of interest 

from competing isotopes, like natural background radioactivity. A dual detector for isotopes that emit two 

or more gamma rays, can use a pair of coarser resolution detectors to achieve the same degree of 

differentiation, as done by Brauer et al. (1975). Dual high-resolution detectors would have been helpful to 

understand Fukushima samples containing more than 300 significant fission product isotopes each, or to 

achieve IMS-like sensitivity before allowing natural radioactivity in the RASA samples to decay. 

To optimize the overall capabilities of the next-generation RASA, these and other choices should be 

compared to the gamut of signals possible in each scenario. Some sensors will have little utility in some 

scenarios. For example, the real-time detector will only see background radioactivity masking a subtle 

low-level signal. An ultra-low background (ULB) detector is overkill for a high-level sample. These 

examples lead us to favor a modular approach by location and expectations. 
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Table 4.1.  Obvious Radiation Detection Choices and Possible Alternatives 

Figure 4.3 Position  Expected Detector 

Main characteristic 

Alternate Detector 1 

Main characteristic 

Alternate Detector 2 

Main characteristic 

Real-time Detection Plastic Scintillator  

Basic high count rate  

Lanthanum Halide Some 

spectroscopy 

Dual NaI  

High selectivity 

 

Early isotopes Dual NaI  

High selectivity 

Dual HPGe  

Ultra selectivity in complex 

spectra 

 

Classic IMS Single HPGe  

Balanced sensitivity/selectivity 

Dual HPGe  

Ultra selectivity in complex 

spectra 

 

Lab Replacement ULB HPGe  

Lab replacement capability 

Dual ULB HPGe  

Better than lab replacement 

 

 

 

Going forward, the potential selection of a solution for a radiation measurement will balance the value of 

data it delivers for a use case with the cost, maintainability, reliability, and complexity of analysis. The 

value of data is defined by the efficiency, resolution, and selectivity to detect and discriminate isotopes 

from each other in various scenarios.  

4.2 Location Capability versus Sample Collection Time 

Over the last few years, noble gas monitoring developers have sought metrics for improvement of xenon 

monitoring technology. One view on the focus of this work has been to exhaust every available science 

avenue to differentiate medical isotope production releases of xenon from nuclear explosion releases of 

xenon. Part of this differentiation is by location: resolving a source location to include a known medical 

isotope producer and/or to not include a known nuclear test site can help to focus the attention of users 

away from nuisance detections to where it is needed. 

To this end, these developers have considered the sample collection duration as a driver of the location 

capability of the network. Eslinger and Schrom (2016) computed the impact on several metrics by 

reducing sampling intervals from 24, to 12, or six hours in simulated and real IMS results for announced 

nuclear tests (Table 4.2). 

The values in Table 4.2 show improvements in 90 percent plausible region size, estimated event 

magnitude, distance to release point, and estimated release time as the sample collection time is 

shortened, in scenarios chosen to realistically represent remote nuclear test detection or medical isotope 

detection. This does not address the value of knowing the time of arrival of a plume, which can be very 

valuable to pro-rate the radioactivity over a partial collection time interval and to model atmospheric 

movement. 
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Table 4.2.  Bayesian Estimator Performance for Different Analysis Scenarios Using Average Values of 

the Metrics (from Eslinger and Schrom 2016)  

 

4.3 Timeliness of Results 

Timeliness of results is not an objective metric of performance. In the 1990s it was clear that waiting one 

or two months was not adequate when decisions might be needed on a days-to-weeks basis. Shorter 

sample collection intervals support getting early results faster. For example, an eight-hour sample 

collection followed by isotopic analysis immediately afterwards could result in key isotopic information 

in the ninth hour. The current IMS systems are nominally 72 hours from start to finish for a sample, but a 

“scout” spectrum transmitted after four hours of collection means that 52 hours after sample start, early 

results would be available.  

Thinking further outside the box, the regular sample collection interval scheme could be programmed 

such that a rapid acceleration of the real-time count rate would trigger a system function change to, say, 

10-minute collection times. Thus, hot samples would be in position to be analyzed by the early isotope 

spectrometer quickly, and key results could be available on the 10-minute time scale.  

Other ideas would speed first analysis while preserving the system timing. For example, the real-time 

detector could be upgraded to provide some spectroscopy, allowing some quick characterization results 

4.4 Detector-source Geometry 

The term, solid angle, refers to the three-dimensional angle that an object subtends in the view of a 

sensor, like the human eye. At a given distance, different-sized computer monitors subtend different solid 

angles to the eye of the viewer, or a single monitor can subtend various solid angles at various distances. 

The larger the item, the easier it is to see. Inside a sphere, the sphere would subtend 100 percent of the 

possible solid angle, which is taken to be 4, from the integral over  and . An eye inside a sphere could 

see nothing else, an example of 4.  

Stated simply, the authors would like to bring the radioactive source as close as possible to the sensor. 

Stated more specifically, the authors would like each small subdivided portion of the source to be as close 

to the center of mass of the sensor as possible. Ideally, the source would be inside the sensor so that no 

radiation could be emitted without striking the sensor. In nuclear science, the solid angle is designated 

, and it varies on the range 0 - 4. It is calculated not with integrals, but with Monte Carlo programs 

like MCNP or GEANT, which take into consideration the three-dimensional form of the source, detector, 

and the absorbing character of any materials interposed between them.  
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The ratio of radiation detected by a detector to the radiation which falls on the detector is called the 

detector efficiency, . So the product of the solid angle and the efficiency, , represents a metric of the 

physical geometry of the source and detector.  

These source-detector configurations can be selected to harmonize with an automation system for sample 

processing.  

• The RASA Mark 4 wraparound balanced a 50-cm x 10-cm filter size as in Figure 4.4 (a) for low-

power collection with a diminished  for the measurement geometry and a larger high-purity 

germanium (HPGe) detector ( = 90 percent relative efficiency vs the IMS requirement of 40 

percent).  

• The RASA Mark 2 featured a 20-cm-long by 10-cm-wide exposed filter area and a folding 

mechanism to achieve the 10-cm square geometry, similar to Figure 4.4 (b). 

• In the case of the ST-271 proposal shown in Figure 4.1, the 10-cm square sample might conveniently 

match the exposed filter area to dual detectors without the added complexity of folding. But the 

energy needed for collection would be much higher. 

• Manual systems in the IMS feature manual compression into a stubby cylindrical puck as in Figure 

4.4 (c) made possible by a high-pressure press and manual sample cross-contamination protection.  

• The point-source geometry of Figure 4.4 (d) is only practically achievable by soaking an absorbent 

resin bead with highly concentrated radioactive liquids, producing an epoxied bead of approximately 

2 mm in diameter (e.g., as a calibration source). If the source is infinitesimally small, and the detector 

large, the detector would seem to fill about half the solid angle, or 2. 

• It is interesting to note that the HPGe detectors in Figure 4.4 (b-d) are wider and shorter than that in 

Figure 4.4(a) and thus achieve a higher solid angle for their respective sample shapes. This detector 

could be embodied by the Broad Energy Ge (BEGe) product, not available in the 1990s. A BEGe 

detector is less expensive while giving essentially equal sensitivity. An exception is that a BEGe is 

much more sensitive to lower energy gamma rays, and thus can sensitively detect more isotopes. 

Examples include 210Pb at 46.54 keV (an isotope used in environmental research) and 241Am at 

59.54 keV (an isotope used for automatic gain stabilization). 

 

 

          (a)      (b)           (c)           (d) 

Figure 4.4.  Geometry Comparison of (from left to right) a RASA Wraparound Geometry, a 10-cm 

Square, a Compressed Puck, and a Point Source. About a factor of five separates the RASA 

Mark 4 solid angle from the point source, and about a factor of two separates the 10-cm 

square solid angle from the point source. 

4.5 Power Consumption 

In principle, any amount of power could be available for the proper function of the RASA. However, the 

lesson from Fukushima was that power was lost precisely when it was needed in a consequence 
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management scenario. Thus, a new design goal is to lower the system power enough to enable battery 

operation during a significant power failure. One possibility is to actively reduce system power use during 

a power failure. 

The prototype RASA Mark 4 had a power design goal of 2kW for operation, but achieved roughly 1kW 

for a blower, 1000W for the HPGe detector cooler, and 200W for electronics. Subsequent technology 

improvements for the cooler (200W) and electronics (200W) would have brought the RASA Mark 4 

under the design goal. Even so, 1kW is difficult to operate on practical battery systems for a substantial 

length of time. 

At the same time, two drivers to increase the sensitivity of the RASA are to improve the sensitivity and to 

gather the same-sized air sample in much less time, to improve atmospheric backtracking. So, a new 

concept that drastically reduced the energy needed per cubic meter of air sampled would be desirable. The 

RASA itself was an improvement over the ST-271 concept by making the filter approximately 0.5 m2 

versus approximately 0.01 m2.  

In general, the energy needed to create Vf increases as the square of the Vf, such that  

 

Efilter = B * Vf
2          (Eq. 1) 

 

where B is a constant that incorporates the drag of the filter. Taking a second look at the energy equation 

above, it could be made more specific to the RASA by considering all the energy needed to be supplied 

for air movement. Thus, waste term is added that includes the energy wasted (heating the air or 

equipment) by overcoming resistance to flow through the inlet, piping, and exhaust, such that  

 

Etotal = B * Vf
2 + W        (Eq. 2) 

W is not a trivial amount of energy in some RASA installations, and the original RASA developers 

specified large diameter ducting and large inlets to reduce W. In most air samplers, B * Vf
2 is much larger 

than W. However, as a goal B * Vf
2 should be made similar or smaller than W, such that the filtration 

segment of the ducting requires no more power than others (Figure 4.5). 
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Figure 4.5.  Certain RASA Filters Used with Possible RASA Blowers (from Thompson et al. 2002) 

This could roughly be paralleled with dPtotal = dPRASA + dPfilter, where 1300 Pa = 240 Pa + x, so thus the 

pressure drop of the filter alone is around 1000 Pa or approximately 4 inches of H2O. The 240 Pa 

developed by a RASA with no filter can be thought of as representing the resistance to air flow (at 

approximately 1000 m3/h) presented by the ducting and torturous path through the RASA sample head. In 

reality, with no filter, the air flow is probably quite a bit higher, and the dP for the no-filter RASA goes 

up higher than the contribution would be for the rest of the RASA with the filter in place. Thus 240 Pa is 

an overestimate for the no-filter RASA. 

A completely different way to collect particulate would be electrostatic precipitation. The action of an 

electrostatic precipitator (ESP) is very simple compared to the flow of air through a filter. Electrons are 

discharged into air being drawn into the precipitator from a corona wire. Either by direct bombardment or 

by diffusion, the electrons come into contact with the particles in the air and charge them. Several charges 

can be attached to a single particle, and a high percentage of the particles need to be charged (saturation). 

The particles are then swept between many parallel plates alternately at ground potential and at a positive 

voltage. The excess electronic charge draws the particles to the positive plates where they are trapped. 

4.6 Theory of Operation of an Electrostatic Precipitator versus 
Commercial Off-the-shelf Testing 

At the simplest level, air passes charged wires, which attach electrons on passing particles, then the air 

with these charged particles passes between parallel plates alternating ground and positive charge. The 

particles have a negative charge, and a large positive potential is applied to the plates, which sticks the 

particles to the plates.  

The probability of collecting a particle is then proportional to the percentage of particles ionized (Pi – 

related to the negative corona discharge voltage), the electrostatic force applied (Fe – related to the 

number of electrons we stick on each particle and the positive voltage on the plates), and the length of 
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time the particles are between the plates (Tp – for any velocity of air, the plates need to be wide enough to 

allow particles to drift all the way to the plate). 

 

P α Pi * Fe * Tp         (Eq. 3) 

Overall, the resistance to airflow of the system shown in Figure 4.6 is quite low, similar to a piece of 

ducting of similar dimensions. Low pressure differential in the system also opens up new possibilities in 

high volume with simple, cheap, low-power blowers as used in heating, ventilation, and air-conditioning 

(HVAC) systems. The RASA collects particles from about 1000 m3 per hour, which is about 600 cubic 

feet per minute (cfm) in the units of HVAC. A simple 12-in. HVAC blower can move about 3000 cfm 

with a pressure differential, again in HVAC units of 1 inch of water (1 in. H2O). 

 

Figure 4.6.  A Simplified Notional Design of a Precipitator Showing (1) a Corona Discharge Wire at -V1 

between Grounding Plates and (2) Two Plates at +V2 on either Side of a Ground Plate. In 

practice, limitations on arcing limit V1 and V2 and the design of the system. 

A quick survey of available commercial electrostatic filtration systems show that duct-friendly designs 

that claim efficiencies close to Comprehensive Nuclear-Test-Ban Treaty (CTBT) requirements 

(80 percent efficiency for 0.2 micron particles) with flow rates as high as 2000 cfm, exist. Consider for 

example, the Honeywell F300E1035 as shown in Figure 4.7. It claims a 2000 cfm flow rate max, fits a 

large duct of about 60 cm x 50 cm, and for about 500 feet per minute face velocity (2.6 m/s) claims an 

efficiency nearly good enough to meet IMS minimum standards. This is about twice the flow rate of the 

RASA, and yet should only add 0.05 inches of water pressure drop to the RASA ducting, as seen in 

curve 3 of Figure 4.9. Because of the relationship of time inside the parallel plates to the efficiency, a 

lower efficiency at higher face velocities is expected. 

 

Figure 4.7.  Honeywell Electrostatic Air Cleaner F300E1035 

 

1

2
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Figure 4.8.  Volume Capacity versus Pressure Differential in Honeywell Electrostatic System. The CTBT 

minimum requirement of 500 m3/h would be 294 cubic feet per minute, and is off-scale to 

the left. Thus the pressure drop at even twice the CTBT flow rate would be about 0.05 inches 

of water or about 12 Pa.  

Figure 4.8 shows that commercial systems like the Honeywell have a negligible air pressure drop, perhaps 

as little as 1 percent of the value of the RASA filter. The possibility of flow loss due to clogging is even 

less, but saturation of the collection surface should be considered.  

Thus, filling in the pressure drop equation dPtotal = dPRASA + dPfilter with estimates, the new pressure drop 

would be dPtotal = 240 Pa + 12 Pa. About 80 percent of the dP and thus about 80 percent of the power 

requirement for the air movement would be gone. Also, using the no-filter RASA estimate for the waste 

power implies that the drag in the sample head does not change, so it is possible that a larger proportion 

than 80 percent of the power would be eliminated. 

In traditional ESP, the particulate collects on metal plates. In principle these plates are periodically wiped; 

ultrasonicated; acid-etched; or, in a large factory air-cleaning applications, automatically rapped by a 

hammer to remove gross quantities of particulate. A RASA ESP implementation would need a different 

method of collecting the particulate. A system that includes a method to move the particulate past a 

radiation detector and into a form that can later be processed chemically is necessary. The most promising 

method is to pass a conductive film over the metal plates or perhaps using conductive films or foils as the 

collection plate that moves through the collection area.   

4.7 Using a Laboratory to Back up a Station Measurement 

When a RASA makes a measurement that shows an anomaly, say, because of the presence if fission 

products or the absence of natural radioactivity, there is no possibility of a repeat measurement at the 

station – the RASA can only move forward to new samples. The anomalous sample must be manually 

retrieved and sent to a laboratory for a secondary measurement. This re-measurement serves to confirm 

the original, but, if done with extra sensitivity, may add additional isotopes that through isotopic ratio 

study could:  

• Fix the time when fission took place, 

• Estimate the time the sample entered the atmosphere, or 

• Screen out uninteresting sources, such as leakage from civilian power generation. 
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The first two pieces of information are very powerful in improving the atmospheric backtracking ability, 

and laboratory capability is therefore important.  

Today, the IMS network of RASA stations is backed up by a 16-laboratory network. A small percentage 

of samples are sent to laboratories for quality assurance and quality control of the stations. A few times a 

year samples exceed thresholds of interest, and must be split and sent to two laboratories. This process is 

enabled by expensive and controversial schemes that include laboratory selection, sample splitting, 

border-crossing delays, shipping time, inaccessibility of remote stations, laboratory operation hygiene, 

laboratory proficiency tests, and the ultimate archival of these. Each of these problems could be resolved 

by placing a second, low-background detector at the station to automatically re-measure every sample.  

A secondary detector that could replace the laboratory measurement might cost about $500,000 per 

station in capital costs, but would rapidly pay for itself in reduced overall costs. The IMS laboratories 

have no utility for remote and polar stations, which are so remote that samples cannot be sent for re-

measurement. At least on a modular basis for remote stations, the laboratory-replacement detector seems 

like a mandatory design component of a next-generation RASA. 
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5.0 Electrostatic Precipitation Considerations 

Electrostatic precipitation offers an approach to aerosol collection that can provide greater operational 

flexibility to accommodate future radionuclide aerosol monitoring requirements. The performance can be 

dynamically adjusted by controlling independent parameters, such as flow rate and the electric field 

strength within the precipitator. This control allows operators to enhance or reduce particle collection in 

real time, adjusting to changing radionuclide load conditions, and operating in a low-power mode during 

times of limited power availability.   

An ESP can accommodate significantly increased flow volumes, which can increase the instrument 

sensitivity and provide design flexibility. The open flow channels in an ESP result in very low pressure 

drops and require much less blower power than conventional filters. While ESPs require high voltages to 

operate, the current is very low, so that the supplied electrical power is typically low. This approach to 

radionuclide collection will significantly reduce system power, increase sample collection, and improve 

instrument detection sensitivity. 

5.1 Electrostatic Precipitation Design 

A new radionuclide collection system is under development by Creare, LLC, based on a standard wire-

plate ESP implementation (Figure 5.1). Flow is drawn into a duct consisting of a set of parallel channels. 

The new system lines the channel walls with sheets of thin, metallized plastic. The thin, metallic layer on 

the film provides the electrical properties to serve as a collector electrode, and the flexibility of the plastic 

sheets allow them to be scrolled through the precipitator volume, sealed together at the edges, folded into 

a small package size, and presented to a detector or spooled for later analysis. This approach minimizes 

the cross contamination of successive samples and minimizes the surfaces within the precipitator volume 

that are continually exposed to the aerosol flow. The ESP system sizing can be adjusted to accommodate 

different installation requirements: a minimum flow length is necessary to achieve efficient particle 

collection, but this can be traded somewhat with power consumption by employing a higher electric field 

to accelerate particle collection. Additional flow channels can be installed to accommodate even higher 

flow volumes, but this also must be traded against the sample sheet folding complexity and final sample 

size constraints.      
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Figure 5.1.  Concept Design of Electrostatic Precipitator for Radionuclide Collection 

A set of thin-wire discharge electrodes is arranged along the center of each flow channel. A high voltage, 

on the order of 8-15 kV, is applied to the discharge electrodes, creating a strong electric field between the 

wires and the collection sheets. As gas flows through the system, a corona of ionized gas molecules 

develops around each discharge electrode, electrostatically charging the aerosol particles entrained in the 

flow (Figure 5.2). Once charged, the particles are drawn by the electric field toward the collection sheets, 

where they remain through a combination of electrostatic and van der Waals forces. The electrical force is 

countered by drag and dispersive turbulent forces on the particle, so an ESP must be designed with a long 

enough flow residence time for the particle to build charge and migrate to the collector. Particle resistivity 

also plays a role in ESP performance—too high of resistivity can reduce electric field strength and lead to 

a back-corona discharge if the dust layer builds up too much, whereas a low resistivity results in easier re-

entrainment of particles back into the flow. Typical atmospheric aerosol resistivity falls into the 

moderate-to-high range, although this varies with composition, temperature, and relative humidity. 

 

Figure 5.2.  Fundamental Electrostatic Precipitation Operation 
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5.2 Trade-Space of ESP-Based Radionuclide Collection System 

Creare has developed a system model to predict ESP performance for radionuclide collection using 

literature-based models for particle charging ESP current, and particle collection efficiency (Cochet 1961; 

Cooperman 1960; Cooperman 1981; Parker 1997). The model in conjunction with subscale testing is 

guiding the design of a full-scale prototype collector that will be tested in 2019. The key design trades for 

an ESP-based radionuclide collection system balance particle collection efficiency, total sample flow 

volume, system power consumption, system size, and sample handling complexity. 

5.2.1 Sample Collection versus Sample Flow Rates 

The CTBT radionuclide particulate monitoring station minimum requirements specify a filter particle 

collection efficiency of 80 percent for particles of diameter 0.2 μm at a minimum sample flow rate of 

500 m3/h for a 24-hour sampling period. This baseline can be equated to a minimum total sample air 

volume of 12,000 standard cubic meters. By placing a requirement on the filter flow-through particle 

collection efficiency rather than on the total sample volume particle collection, the potential for 

significant gains in instrument sensitivity may be lost. For example, because an ESP has a much lower 

pressure drop compared to a traditional filter, the system can operate at much higher sampling flow rates 

for a given input power than current systems such as the RASA. With all other operating parameters held 

constant (such as ESP operating voltage), as the flow rate through the system increases, the flow-through 

particle collection efficiency decreases. However, even at a lower flow-through efficiency, because the 

total sample volume can be much larger, the overall number of collected particles in a sample can be two 

to four times greater than the CTBT requirement (Figure 5.3). This can lead to substantial improvements 

in instrument sensitivity. For example, an ESP system operating at 90 percent particle collection 

efficiency at a sampling rate of 1000 m3/h will acquire an actual sample quantity that is a little over twice 

the CTBT requirement. The same ESP system might only achieve 60 to 70 percent particle collection 

once the sample rate is ramped up to 2000 m3/h, but this will yield an actual sample count that is 3.5 times 

greater than the requirement.  

 

Figure 5.3.  Relative Increase in Total Number of Collected Particles over a Baseline 12,000 m3/day 

Sample Volume (500 m3/h at 80% Filter Particle Collection Efficiency) for Different Flow 

Rates and Filter Collection Efficiency Requirements  
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5.2.2 ESP System Performance versus Sizing 

An ESP’s particle collection performance is based on the amount of charge transferred to a particle, a 

particle’s residence time within the unit, and the strength of the electric field that draws the charged 

particles to the collector surfaces. The residence time is a function of the sampling air flow rate, the 

number of parallel ducts within the ESP, and the duct sizing. A shorter ESP flow length can be balanced 

by increasing the electric field strength (and thus power consumption) up to functional limits that prevent 

direct arcing. An ESP-based radionuclide collection system design can be adjusted to accommodate 

different installation and operational requirements. Figure 5.4 shows how ESP collection performance 

varies with flow duct length for a particular ESP design configuration that includes several parallel flow 

ducts. Note that collection efficiency is shown for a particle size of 0.25 μm, which is the most 

challenging particle size for an ESP because of charging regime crossover points dependent on particle 

size—η of <0.25 μm and η of > 0.25 μm particles are higher. While ESP power consumption is difficult 

to model accurately, rough estimates for this design (overall ESP volume approximately 0.5 m x 0.5 m x 

1.0 m) range from 800 W at 1000 m3/h to 1.1 kW at 2000 m3/h, including blower power. Therefore, this 

system can achieve a 3.5x increase in total sample collection over CTBT requirements (operating at η = 

70 percent at 2000 m3/h) for roughly half of the 2.2 kW power consumption of the RASA system. 

 

Figure 5.4.  Flow-through Particle Collection Efficiency versus ESP Duct Flow Length for Varying Flow 

Sample Rates (for a Given ESP Design and Electric Field)  

5.2.3 ESP Radionuclide Collection System Operational Flexibility  

Employing an electrostatic precipitator for radionuclide collection will offer greater flexibility for 

operators to respond to evolving events such as the Fukushima incident. In a conventional filter, sample 

acquisition quantities can only be adjusted by varying the air flow rate through the filter and the total 

acquisition time. Flow rates can only be increased as much as power source limitations and the pressure 

drop through the filter allow. Alternatively, in an ESP, both the flow rate and the electric field strength (or 

applied voltage) can be dynamically adjusted, allowing a greater operating range for sample acquisition. 

In a power-limited situation, the ESP voltage can be dialed back to drastically reduce power consumption 

while still maintaining some level of sample acquisition. Alternatively, with high power availability, both 

flow rate and voltage can be increased to achieve much higher sample quantities. Figure 5.5 presents the 

potential range of performance and estimated power requirements for varying flows and voltage levels in 

one potential ESP design. 
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Figure 5.5.  Collection Efficiency versus ESP Voltage (left) and Total Power versus ESP Voltage (right) 

for Varying Flow Rates in an ESP Design Concept for Radionuclide Collection 

5.2.4 ESP Radionuclide Collection System Sampling Handling 

The ESP radionuclide collection system currently under development employs flexible, conductive sheet 

material as the particulate collection surfaces. After sample acquisition has completed, these sheets are 

automatically withdrawn from the precipitator volume, sealed together at the edges to prevent particle 

loss or contamination, and then folded for presentation to the radionuclide detector. The collector sheets 

are much thinner than the filter paper materials used in the RASA system, leading to the potential for 

smaller sample packets and improved detector interfacing. The existing RASA collection system 

currently presents the sample to the detector in a 10-cm-wide, approximately 40-cm-long strip of filter 

material that is wrapped around the detector circumference. Presentation of a narrower strip (i.e., < 10-cm 

wide) or a small packet that is instead placed on top of the detector can significantly increase overall 

instrument detection sensitivity. 

The form factor of an ESP drives system sizing towards larger collector sheet areas to improve collection 

efficiency and reduce power. However, increasing the ESP size or number of flow ducts increases the 

complexity of the sample folding operation and at some point limits the final achievable sample packet 

size due to the number of required folds in the material. Because the system must function autonomously, 

the overall ESP-based radionuclide collection system must balance collection performance with sample-

handling complexity. Table 5.1 presents a range of sample handling approaches that illustrate the 

potential gains, trade-offs, and challenges. A smaller ESP with a lower flow-through particle collection 

efficiency and smaller collector sheets may provide the best overall net increase in instrument detection 

capability by producing a much smaller sample packet. The actual sample packet dimensions will depend 

on the final duct dimensions and exact folding mechanism employed to achieve sample size reduction. 
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Table 5.1.  Sampling Handling System Trade-offs 

Sample Format Folding System Size / Complexity Detector Efficiency Gain () 

~10 cm Wide Strip; Wrap Around 

Detector 

Least Complex, Allows for Larger 

Sheets (up to at least 1 m) or More 

ESP Ducts 

Same as RASA (1X) 

~5 cm Wide Strip; Wrap Around 

Detector 

More Complex, Limits Sheet Size to 

< ~1 m    

Perhaps 30% more efficient than 

RASA. Computations needed. 

<10 cm x <10 cm Packet; 

On Top of Detector 

Most Complex, Limits Sheet Size to 

< ~1 m (Dependent on System 

Specifics)  

About 2x more efficient than 

RASA 

 

5.3 Radiochemistry of Aluminized Mylar 

There is a CTBT IMS requirement that filter media used in the IMS be dissolvable. This is because, in 

classic monitoring, samples were chemically separated to overcome the inability of first generation 

radiation detectors to discern one isotope from another using gamma energy analysis. This lack of 

selectivity has been addressed by detector physicists by the use of coincidence detection and since the 

1970s by the use of high-energy resolution detectors such as HPGe. Nevertheless, chemical separation 

still provides enhanced analysis even for HPGe use and is still a desirable characteristic of future RASA 

samples. 

Chemists investigated this potential RASA collection material from the classic dissolution perspective, as 

discussed in Appendix A. It represents some challenges that would have to be considered further, but 

there is good reason to believe it would be successful. However a significant possibility exists for 

chemically or physically removing the collected particulate material without completely digesting the 

conductive surface and plastic substrate. This would avoid completely the issue of radioactive materials in 

the aluminum, discussed below. 

Chemical digestion experiments were done using wet ash and dry ash approaches. At this time it is 

difficult to render a full assessment of the suitability of aluminized Mylar® (registered trademark of 

DuPont Teijin) as a filter collection material from a chemical processing perspective. A few common 

techniques were not applied to these samples due to safety concerns and/or time constraints:  perchloric 

acid (HClO4; safety concern), aqua regia (3:1 concentrated HCl:concentrated HNO3 mixture), 

hydrofluoric acid (HF), and multi-acid mixtures such as HF/HClO4/HNO3. Based on the tests completed 

and from our historical process knowledge, the aluminized Mylar would bring new complications during 

processing. The filter media currently used in RASA units is known to dry ash down to an easily 

digestible solid after a long, slow dry ashing procedure. The aluminized Mylar clearly did not dry ash 

down to a similarly easily digestible solid (see Appendix A).   

Additional consideration for working with aluminized Mylar would be the handling of the material to get 

it from sampling to processing. Mylar materials become charged, which could make handling a loaded 

sample hazardous from a contamination standpoint. The size of the final material would also need to be 

evaluated for appropriately sized beakers or furnaces. More experiments and the appropriate Material 

Safety Data Sheet for this material would be necessary to fully assess this paper for suitability as a filter 

material for chemical processing. 
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The radionuclide content of an aluminized Mylar sample was analyzed using a low-level gamma-

spectrometer within the Shallow Underground Laboratory (SUL) at Pacific Northwest National 

Laboratory (PNNL) (Aalseth et al. 2012). The SUL is optimized for low background measurements, with 

a calculated 30 m of water equivalent (mwe), which results in approximately 100 times fewer fast 

neutrons and six times fewer muons. In this instance, a Canberra Broad Energy Germanium (BEGe) 

detector was used in a configuration quite similar to Figure 4.4(c). The BEGe detector combines the 

spectral advantages of low energy and coaxial detectors, with an energy range from 3 keV to 3 MeV and 

optimized energy resolution and efficiency. The system is equipped with a cosmic veto system (Burnett 

and Davies 2014) to further improve sensitivity by reducing the detector background by 25 percent. 

A 42.9 g sample of the aluminized Mylar was compressed into a cylinder (55 mm diameter x 22 mm 

height) and measured for eight days The resulting gamma spectra analysis indicated trace levels of 

naturally occurring radionuclides from the 238U and 232Th series (Table 5.2). The activity of these 

radionuclides ranged from 3.7 x 10-4 Bq g-1 to 1.2 x 10-2 Bq g-1.  

A comparison was made with a 40.0 g sample of compressed RASA material, which was measured using 

a certified IMS gamma-spectrometer (Greenwood et al. 2017) in the SUL for 7 days. This sample showed 

only measurable 40K at 2.6 x 10-4 Bq g-1. All other radionuclides were at the minimum detectable 

concentration (MDC) level, typically an order of magnitude lower than for the aluminized Mylar sample. 

This would indicate the aluminized Mylar contains an increased amount of intrinsic radioactivity than the 

current RASA material.  

The authors suspect that this increased level would not affect daily IMS samples, but would indeed affect 

laboratory re-measurements or a second, low-background measurement by a future RASA. More 

investigation is needed to determine if this is a substantial effect or if it could be remedied by selecting an 

alternative aluminum source. 

Table 5.2.  Measured Radionuclides within Aluminized Mylar Sample 

Nuclide 

Energy (keV) 

Aluminized Mylar Standard RASA Filter 

Activity 

(Bq/g) 

Uncertainty 

(%) 

MDC 

(Bq/g) 

Activity 

(Bq/g) 

Uncertainty 

(%) 

MDC 

(Bq/g) 
40K 1460.8 

  
3.5E-03 2.6E-04 53.1 4.5E-04 

234mPa 1001.0 1.2E-02 12.1 6.7E-03 
  

2.5E-03 
226Ra 186.2 

  
6.2E-03 

  
6.2E-04 

214Pb 351.9 1.4E-03 3.2 1.6E-04 
  

1.6E-04 
214Bi 1120.3 2.2E-03 7.1 6.0E-04 

  
2.0E-04 

210Pb 46.5 
  

2.9E-03 
  

4.1E-03 
228Th 84.4 6.0E-03 9.7 3.0E-03 

  
1.7E-03 

228Ac 911.2 
  

2.9E-04 
  

8.8E-05 
224Ra 241.0 6.4E-03 7.4 2.3E-03 

  
1.1E-03 

212Pb 238.6 
  

5.5E-04 
  

5.6E-05 
212Bi 727.3 

  
1.0E-03 

  
3.0E-04 

208Tl 2614.5 3.7E-04 10.9 1.2E-04 
  

2.6E-05 
235U 185.7 

  
3.9E-04 

  
3.9E-05 

MDC = minimum detectable concentration, RASA = Radionuclide Aerosol Sampler/Analyzer 
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5.3.1 Minimum Detectable Concentration versus Design 

The topics of radiation detection resolution, sample collection time, source-detector geometry, and sample 

volume versus power have been covered in other sections. In this section, the authors develop the design 

metric that connects all of these and that most closely relates to the needs of the user, MDC. The impact 

of varying some of these parameters will also be examined, taking far greater liberty than in the 1990s in 

the RASA design. 

The minimum detectable activity is a measure of the sensitivity of a particular detector system. For the 

RASA, the minimum detectable activity can be defined as the lowest amount of activity that could be 

detected given the detector operation and fluctuations in background counts. A general explanation for 

determining detection limits can be found in Currie (1968) for a variety of different scenarios. The 

approach for determining the sensitivity of the RASA is based on the approach of Currie (1968), with an 

assumption of 5 percent false positives and 5 percent false negatives. 

5.3.1.1 The MDC Equation 

The measurements are reported as a concentration with units of µBq/m3 and so the MDC is based on the 

minimum detectable activity. The MDC equation is then: 

 

𝑀𝐷𝐶 =
1

𝜆×𝐵𝑟
√
2×𝐵𝑐𝑘𝐶𝑛𝑡×𝐹𝑊𝐻𝑀

𝜖×𝑑Ω×𝑉×𝑡
     (Eq. 4) 

In Eq. 1 MDC, λ is the decay constant of the isotope being measured and Br is the branching ratio of the 

energy level of interest for the decay. These two terms depend on the isotope, but not on the design of the 

detector. The full width half maximum (FWHM) generally denotes the full width of the peak at half of its 

maximum height, but in this context, it denotes the sum of the counts in the portion of the energy 

spectrum containing the peak associated with the isotope. The term BckCnt denotes the background 

counts in the region of the peak (counts not caused by the presence of the isotope of interest). The 

detector efficiency is a function of the type of material chosen, ϵ, and the counting geometry efficiency, 

dΩ. The sample air volume is denoted by V, and the sample count time is denoted by t. 

Lower values of MDC indicate better detector performance. Thus, when designing a new system using 

the same type of detector material (such as high-purity germanium) as a previous system, the designer can 

lower the MDC by selecting a favorable combination of BckCnt, dΩ, V, and t. 

Systems used in the IMS must be able to report a sample concentration within 72 hours of the start of 

sample collection. The current RASA uses a sample collection time of 24 hours, a decay time of 24 hours, 

and a counting time of 24 hours. The decay time is important, because it improves the MDC by allowing 

a large portion of the background-inducing radon decay products to decay before the sample is measured 

(Miley 2009). The most significant contributor to the background counts is 212Pb (LeppÄnen and 

Toivonen 1996), which has a 10.64-hour half-life. Using a 72-hour reporting time requirement, if the 

sampling time and counting times were both reduced to 12 hours, then the decay time could increase by 

24 hours, and the background counts would decrease to 21 percent of the previous background counts. If 

the flow rate were unchanged, then the sample volume would be reduced by a factor of two. If the current 

RASA were operated on a 12-hour collection and counting time basis, the MDC would reduce to 0.92 of 

the current value. If sample collection times were shortened to 8 hours, the MDC would rise by a factor of 

1.06. Although shorter collection times may lead to higher to a MDC, the shorter collection time is 

associated with better location precision when using the sample concentrations in a source-term analysis 
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(Eslinger and Schrom 2016). Thus, for the IMS, there is a desire to reduce the sample collection time as 

much as possible. 

5.3.1.2 Varying Some Design Parameters  

The current RASA configuration wraps the filter paper around a cylindrical detector. This configuration 

has a dΩ of about 0.2 relative to the optimal configuration of a highly compacted filter paper sitting on 

one end of a cylindrical detector. If the filter paper were folded just enough to sit on the end of the 

cylindrical detector, then dΩ would increase to 0.5. 

Based on 8,984 IMS samples taken over the last six years, the average volume of air collected by a RASA 

is 21,623 m3 for 24-hour collection periods. This corresponds to an average flow rate of about 900 m3/h. 

The change in the MDC (expressed as a multiplier on the MDC for the current RASA) for different 

design configurations is shown in Table 5.3. The sample volume is provided as a multiplier to the current 

air flow rate of 900 m3/h. The background counts for different decay times are adjusted using the decay 

constant for 212Pb. Row A of Table 5.3 shows the current configuration, thus has a MDC multiplier of 1. 

This analysis suggests that the current RASA would have slightly improved performance (multiplier of 

0.92) if it were operated with 12-hour collection and counting times. 

Table 5.3.  Impact of Different Design Configurations on the MDC of the Classic IMS Measurement 

Position 

 Geometry Flow Rate Sample & Count Decay Time MDC Factor 

A 0.2 1 24 24 1.00 

B 0.2 2 24 24 0.71 

C 0.2 3 24 24 0.58 

D 0.2 1 12 48 0.92 

E 0.2 2 12 48 0.65 

F 0.2 3 12 48 0.53 

G 0.2 1 8 56 1.06 

H 0.2 2 8 56 0.75 

I 0.2 3 8 56 0.61 

J 0.5 1 24 24 0.63 

K 0.5 2 24 24 0.45 

L 0.5 3 24 24 0.37 

M 0.5 1 12 48 0.58 

N 0.5 2 12 48 0.41 

O 0.5 3 12 48 0.33 

P 0.5 1 8 56 0.67 

Q 0.5 2 8 56 0.47 

R 0.5 3 8 56 0.39 
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5.3.1.3 Highlights of Variations 

In Table 5.3, Row A represents the current RASA design which operates on a 24-24-24 time basis. 

Row R represents an improved geometry, flow rate, and maximized decay time, still within the 72-hour 

IMS requirement. The MDC factor of 0.39 indicates that the MDC would be only 39 percent of its 

previous value, more than a factor of two more sensitivity, but adding the benefits of shorter integration 

time and better source location. If this was achieved with ESP, it might be at substantially lower total 

power, as well, and achievable on battery power. 

A few other rows merit comment: 

• Row G suggests that today’s RASA would only have 6 percent worse MDC if operated on an 8-56-8 

time basis. With a general improvement in air volume or a cosmic ray veto system to recover the 

nominal required MDC, today’s RASA could be better at locating sources. 

• Row L implies that a folded geometry versus wraparound and tripled flow rate would give the best 

possible IMS sensitivity on today’s 24-24-24 time basis, but less than 1 percent better than 8-56-8. 

• Row Q shows that increasing the flow rate from two times current flow to three times current flow 

(Row R) is of very diminished value, and could save some energy. 

5.3.1.4 Special Radiation Detection Modifications 

Morris et al. 2017 investigated several options and their impact on power, air flow, spectral background, 

energy resolution (FWHM), geometric efficiency (), and ultimately the MDC of the measurement. 

Some of the most powerful results come from increasing air flow or reducing the measurement 

background. 
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Table 5.4.  Impacts on MDC for Several Variations in Design, Including Diverse Detector Types. Note 

that lower MDC is better. 
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6.0 Conclusions 

A few indisputable facts have been collected in the process of considering design options for a next-

generation RASA: 

• RASA could be optimized to deliver value in a wider range of scenarios while still delivering the 

classic IMS function. 

• Greater sensitivity, earlier results, lower power, higher reliability, more location capability, and less 

reliance on expensive follow-up laboratories are all possible in a modular way. 

• Developments in electrostatic precipitation could allow the RASA to collect a larger sample for less 

power. 

• A range of possible operational schemes is possible with this new RASA. 

• Converting the notional design developed here to a real design, optimized for various simultaneous 

needs, is still ahead of us. 

There is still work to be done to determine if the individual ideas here interfere with or magnify the 

benefits of other improvements. Improved radiation detection simulations may improve our MDC theory 

section above, but actual measurements would be more satisfying than the formulaic approach of 

Section 5.4.1 or simulations, if possible. Further chemistry and gamma background investigations are 

needed to make sure the aluminum does not degrade RASA capabilities.  
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Appendix A 

 

Mylar Chemistry Experiments 

A sample of Mylar material was received to test the current ability of the PNNL radiochemistry program-

approved processes and chemists to analyze the material. Traditionally, samples are separated prior to 

analysis, which requires samples to be dissolved and homogenized into a solution. Two methods 

validated to achieve solutions are dry ashing and wet ashing (chemical dissolution without aid of dry 

ashing). These methods will be tested for their ability to achieve a solution suitable for processing, but no 

chemical separations will be performed.  

The sample received consisted of 10 layers of flat Mylar, heat-sealed on opposite ends. Theoretically the 

Mylar is coated on one side with aluminum, although it was not clear which side was coated, as they 

appeared to be the same. No information was given as to the layer thickness of the aluminum, which 

made estimating sample size difficult for solubility; note that a Material Safety Data Sheet would likely 

be useful for making this estimation. Sections were cut from the heat-sealed end for testing and weights 

were taken to compare sub-samples on a per gram basis. The sample size was approximately 2.5 inches x 

10.5 inches, heat-sealed on one end to hold the 10 layers together. Six sub-samples were cut from this 

original sample, two for dry ashing tests in a muffle furnace and four for chemical treatments and heat 

testing. The details of each sub-sample are shown in Table A.1, however only one of the samples for dry 

ashing was tested.  

Table A.1.  Sample Variables and Treatments 

Sample Name Mass (g) Parameter Time and Temperature in Degrees Celsius 

Al-my-1 2.98663 Muffle 1 h @ 200, 2 h @ 500, 2 h @ 1000 

Hydrochloric Acid 2.98845 Conc. Rgt. Grade 1 h @ room temp, 1 h @ 150 

Water 3.17585 NANOPURE 1 h @ room temp, 1 h @ 150 

Nitric Acid 3.13949 Conc. Rgt. Grade 1 h @ room temp, 1 h @ 150 

Fuming Nitric Acid 3.33851 Concentrated 1 h @ room temp, 1 h @ 150 

Conc. = Concentrated, Rgt. = Reagent 

Immediately upon the addition of the solutions to the Mylar, the fuming nitric acid (roughly 90 percent 

HNO3) was reacting with the surface and the shiny appearance started to look like a ball of crumpled 

aluminum foil as seen in Figure A.1D. The concentrated nitric acid (roughly 70 percent HNO3) was 

reacting slightly (Figure A.1C) and the concentrated hydrochloric acid was showing small cracks on the 

surface of the Mylar (Figure A.1A). The water had no reaction initially (Figure A.1B).   

After the first hour at room temperature, the metallic finish on the Mylar had effectively reacted with the 

hydrochloric acid and the plastic backing could be seen with bubbles in Figure A.2A. The concentrated 

nitric acid was starting to react and the solution was turning yellow while the surface of the Mylar was 

crinkled and etched (Figure A.2C). In fuming nitric acid, the Mylar was starting to lose its structural 

integrity (Figure A.2D).  
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Figure A.1.  Initial Samples at Room Temperature with Reagents Added. Beaker A contains hydrochloric 

acid (HCl), beaker B contains water (H2O), beaker C contains concentrated nitric acid 

(HNO3), and beaker D contains fuming nitric acid. 

 

Figure A.2.  Mylar Samples in Reagents after 1 Hour at Room Temperature 

In Figure A.3, the Mylar samples were heated at 150⁰C. The concentrated nitric acid reacted with the 

surface of the Mylar and turned black as wisps of (presumably) the aluminum went into solution almost 

immediately. The fuming nitric acid turned the Mylar into a sparkly soupy mess. It was not clear if the 

Mylar was in solution or if the aluminum coating had flaked off and was swirling around the solid 

material. The hydrochloric acid sample showed little to no changes visible, as the metallic finish on the 

Mylar had dissolved at room temperature previously. 

 

Figure A.3.  Mylar Samples in Reagents after Heating at 150⁰C for 5 minutes 
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After heating for about 20 minutes, the metallic finish on the Mylar in concentrated nitric acid was gone 

and in fuming nitric acid, the Mylar appear to be totally dissolved at first glance. Upon further inspection, 

the organic remnants of the Mylar could be seen floating around as a suspension in the solution. It also 

appeared that the metallic finish in the water sample was disappearing. At this point pH measurements of 

the solution in the water sample were taken, and indicated an approximate pH of 3. This could be caused 

by the acid fumes of the HCl or HNO3 depositing in the water sample, so it was relocated to the front of 

the hotplate to limit this interaction. Figure A.4 shows the comparison of the hot samples.   

 

Figure A.4.  Mylar Samples in Reagents after Heating at 150⁰C for 20 minutes 

As the reagents were evaporated, the water sample lost all of the metallic sheen on the Mylar. The 

concentrated nitric acid continued to degrade the Mylar while heating, but did not evaporate as fast as the 

other samples, likely due to vapors being trapped in the film that did not dissolve and formed a layer on 

the top of the solution. Swirling the sample helped agitate the sample and release some of the NOx vapors, 

but the sample did not reduce in volume any further. In Figure A.5, the hydrochloric acid and water 

samples are clearly reacting differently than the nitric acid samples. 

 

Figure A.5.  Evaporating Reagents with Mylar Samples 
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After heating the samples for more than two hours, the water had evaporated completely while the 

concentrated HCl only reduced in volume. The concentrated nitric acid had some evaporative loss, but 

was significantly impaired and did not substantially reduce in volume. The fuming nitric acid sample had 

more solids crashing out of solution than expected as it approached dryness. The residue could not be 

digested completely with additional fuming nitric acid, but could potentially be soluble with a perchloric 

acid treatment. It is unclear what the constituents of the remaining material were and therefore perchloric 

acid will not be used at this time to ensure safe chemical digestions. Standard chemical dissolution 

methods employ nitric, hydrochloric, and perchloric acid but the perchloric acid is only used once the 

organic material is mostly gone. In this case, it was not clear if the residue was from organic 

decomposition products from the Mylar or from something in the coating. Figure A.6 shows the solution 

of Mylar after being digested for two hours with heat.  

 

Figure A.6.  Mylar Samples in Reagents after Evaporating for 2 Hours 

The Al-my-1 sample was heated in a muffle furnace for one hour at 100⁰C, then ramped to 200⁰C and 

heated for another hour. A programming error occurred on the furnace and it did not complete the desired 

range of temperatures. Upon returning to the lab, the furnace was at room temperature and the sample was 

charred but not ashed. The furnace was then ramped to 500⁰C and left for two hours at that temperature 

before ramping to 1000⁰C and holding for another two hours. At the completion of the program, the 

sample was white, but had not ashed as expected. Upon adding fuming nitric acid to the ash, the residue 

floated and did not dissolve. This was suspected to be due to the aluminum film being insoluble in nitric 

acid. The sample was then transposed to a hydrochloric acid system; however, the sample ash still did not 

dissolve. Figure A.7 shows the residue of the ashed Mylar sample Al-my-1 after transposition to 

hydrochloric acid and evaporation; note the chunky residue left behind.  
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Figure A.7.  Ashed Mylar Sub-sample Al-my-1 in Hydrochloric Acid Residue 
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