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A B S T R A C T

Pacific Northwest National Laboratory (PNNL) staff developed the Radionuclide Aerosol Sampler Analyzer (RASA) for worldwide aerosol monitoring in the 1990s.
Recently, researchers at PNNL and Creare, LLC, have investigated possibilities for how RASA could be improved, based on lessons learned from more than 15 years of
continuous operation, including during the Fukushima Daiichi Nuclear Power Plant disaster. Key themes addressed in upgrade possibilities include having a modular
approach to additional radionuclide measurements, optimizing the sampling/analyzing times to improve detection location capabilities, and reducing power con-
sumption by using electrostatic collection versus classic filtration collection. These individual efforts have been made in a modular context that might constitute
retrofits to the existing RASA, modular components that could improve a manual monitoring approach, or a completely new RASA. Substantial optimization of the
detection and location capabilities of an aerosol network is possible and new missions could be addressed by including additional measurements.

1. Introduction

1.1. Historical basis

For decades, radioactive isotopes have been monitored in the at-
mosphere to protect populations from hazards associated with civilian
nuclear processes and look for evidence of nuclear explosions (Maceira
et al., 2017). The historical measurement strategy often collected a
large-volume sample over several days, let the ubiquitous natural radon
progeny in the sample decay for one to two weeks, and then measured
the isotopes in the sample with a very sensitive detector, possibly using
chemical separation to augment the selectivity of the radiometric
system. Because atmospheric transport modeling was immature in the
1950s when atmospheric nuclear monitoring began, model-derived
source strength estimates were deemphasized and isotopic ratio ana-
lysis was important. If a substantial fission product spectrum was pre-
sent, ratios of isotopes could identify the time fission occurred, or the
burnup of the reactor fuel involved in an accident. These determina-
tions could be used to corroborate seismic signals of an explosion or
news reports of a reactor issue to link the air parcel with the source,
even without sophisticated transport models.

While many features of this process have improved, especially at-
mospheric transport calculations, the same ideas are used in

environmental radioactivity networks today. An example is the in-
formal European Network known as the Ring of Five (Ro5) (Masson
et al., 2011), which is a network of completely manual aerosol collec-
tion and measurement capabilities. The Ro5 includes high-volume,
high-sensitivity systems.

The creation of a global verification regime called the International
Monitoring System (IMS) (CTBTO, 2019), for the Comprehensive Nu-
clear-Test-Ban Treaty (Comprehensive Nuclear-Test-Ban Treaty, 1996)
drove the development of automated systems. The IMS requirements
(National Research Council, 2012) (Table 2.9, page 57) and (Werzi,
2009) specified a three-day cycle for samples, with a 24-h sampling
period, a 24-h waiting period for radon progeny decay, and a 24-h
measurement period. Besides improving timeliness, the shorter sam-
pling period led to smaller possible source regions calculated by at-
mospheric transport modeling (ATM). An inevitable consequence was
that a shorter radon progeny decay period and measurement time led to
poorer detection limits than the previous generation of manual systems
and the Ro5 systems.

The Radionuclide Aerosol Sampler/Analyzer (RASA) (Miley et al.,
1998) was developed in the 1990s to meet the IMS requirements. With
1000m3/h air flow, and the sample filter wrapped around a large ra-
diation detector, the RASA achieves the required minimum detectable
concentration (MDC) of 10 μBq/m3 of 140Ba in the atmosphere. Some
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Ro5 manual systems achieve an MDC of 1 μBq/m3 or less because they
use extremely high-volume samples, optimized decay times, and high-
efficiency sample-detector geometry. Nevertheless, the IMS systems can
confidently measure releases more than 10 times smaller than the de-
sign criteria of releases from a 1-kt nuclear explosion in the atmosphere
over the vast majority of the globe.

Since 1998, more than 250,000 aerosol samples have been mea-
sured in IMS operations. Factors that limit uptime of IMS aerosol sys-
tems have been studied, including component failures and power issues
(Werzi, 2009). In addition, the IMS and the RASA in particular, were
challenged by the aerosol emissions and power fluctuations from the
Fukushima Daiichi Nuclear Power Plant disaster (Biegalski et al., 2012;
Le Petit et al., 2014; Miley et al., 2013). Themes in operational lessons
included determining the time of arrival of a large signal, needing early
isotope information during a nuclear disaster, improving timeliness in
reporting, and narrowing the possible source region of a source. A
particular concern is reducing reliance on continuous power. A noted
possibility is the use of electrostatic precipitation instead of air filtra-
tion, which can reduce power requirements and provide more re-
sponsive control of the sample acquisition process. Sampling stations at
remote locations (e.g., island stations like Tristan de Cunha or Antarctic
stations like Palmer Station) have little chance of sending an interesting
sample back for timely laboratory analysis, so providing for automatic
sample re-analysis after longer decay would be useful in some cases.

1.2. Adding capability to aerosol monitoring and implications for system
requirements

The design arc for RASA and other IMS aerosol systems optimized
them for a low-level underground nuclear explosion (UNE) release
scenario and possibly the scenario of a very remote, very small atmo-
spheric test. Fukushima signals are a reminder that a global network
will have some systems that are relatively close to large signals, and
should therefore measure key parameters of that phenomenology as
well as the low-level release scenario. An alert from real-time detection
of radioactivity in the airflow could allow controlling staff to adjust the
operation of the system, and prepare for high-level samples. A three-day
collect-decay-measure period is also of moderate value for reporting
during a high-level event; a shorter collection time is highly desirable, if
it can be done without degrading the system for the low-level scenario.
Shorter collection times support an improved location estimation cap-
ability for atmospheric modeling, as well (Eslinger and Schrom, 2016).

Measuring short-lived isotopes at early times is also a valuable tool
to help screen reactor emissions from nuclear explosions. Because the
fission time in reactors is far longer than in explosions, the ratio of short
and long half-life isotopes can show the source type. When the isotopes
are shorter in half-life than the 10.6-h half-life of 212Pb, a more sensitive
approach is to measure them before decay occurs. As an example,
consider looking at iodine ratios as a reactor/explosion screening in-
dicator. It is also preferred to measure ratios within the same element to
remove some of the uncertainty with how elements chemically react
with the atmosphere. The 24-h decay period is not helpful for isotopes
like 132I, which has a half-life of 2.3 h. For example, the ratio of 132I to
131I with an 8-day half-life can give a strong discrimination between
reactor debris and explosion debris. A 24-h decay period reduces the
132I concentration on a sample by more than a factor of 1000.
Considering the 24-h collection time, the 132I could be suppressed by up
to a factor of 106 before measurement begins. In Biegalski et al. (2012)
the less sensitive ratio 133I/131I is used because the systems all had a 24-
h decay in place. One order of magnitude separated the ratios for a
reactor and an instantaneous fission. The measurement uncertainties in
this case could have allowed a small admixture of explosion fission
products with a larger reactor accident fission products without de-
tection. Because the 133I half-life (20.8 h) is about 10 times longer than
132I, the authors posit that, had the same measurement been done
without the 24-h decay, the ratio of 132I/131I, with the same

measurement uncertainty, would have essentially eliminated the pos-
sibility of an explosive fission event.

It was noted above that the current IMS aerosol design focuses on a
low-level UNE release scenario. IMS aerosol systems are sensitive to
perhaps as few as 10 atoms of 131I per cubic meter, versus the 3000
atoms of 133Xe needed for IMS xenon systems. However, it may be no
exaggeration to assume that xenon is 106 times more likely to be re-
leased than iodine, which leaves IMS aerosol systems 100 times less
effective than xenon. To close this gap, and thus to contribute to xenon
detection of some UNE leaks, the IMS aerosol systems could be made
more sensitive to 131I. Longer-lived isotopes like 131I can be detected
with about 10 times lower MDC after the air sample has had a week to
decay. The authors calculate that an improvement of this magnitude
would have allowed the detection of 131I from the average U.S. un-
derground nuclear test that leaked to the atmosphere (Aalseth et al.,
2009; Miley et al., 2009). All of these functions can be supported by
adding measurement modules to the RASA.

2. Trade-offs in the design of an aerosol monitoring system

2.1. Minimum detectable concentration

The key value that a monitoring system delivers is a stream of
measurements that tightly limit the amount of emissions that could
have been released without detection. For estimating this quantity, the
lowest possible MDC is the key metric. While considering changes that
would allow a system to meet IMS requirements, it is useful to consider
a simple formula for the MDC, and introduce mitigating features to any
change that would reduce the sensitivity of the system. The measure-
ments are reported as a concentration with units of μBq/m3; thus, the
MDC is based on the minimum detectable activity.

In considering optimization of the system, we wish to determine the
potential impact on the MDC of changes in key parameters of the
system, such as sample collection time, decay time, sample measure-
ment time, sample flow rate, and the measurement geometry. Given
that sample times will be measured in hours, not minutes, we make the
assumption that the background is associated with only the radon decay
product 212Pb with a halflife of 10.6 h and associated decay constant
λΒ. Data from operational systems show that the background in an
optimized energy window for 140Ba, a key aerosol monitoring isotope,
is > 100 counts in an island station with low 212Pb, so an approxi-
mately 5% error is incurred if the constant 2.71 in Currie's working
formula for paired observations (Currie, 1968) is omitted:

≅L μ4.65D B .
Making a simplifying assumption that only 212Pb Compton scatter

events are responsible for the background in the energy region of in-
terest, the width of which is some multiple of the Full Width at Half
Max (FWHM) of the spectrometer. One can then write μB as a function
of the 212Pb concentration (Bq/m3), detector resolution (keV), air vo-
lume V (m3), collection time tc (h), and a factor representing the de-
tector efficiency, ε, and the solid angle the detector subtends from the
source δΩ.
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Fig. 1 shows the RASA sample-detector geometry and some other
possible geometries with better δΩ. The constant of proportionality, C,
in μB includes several terms, particularly those which convert the con-
centration of 212Pb into counts per keV per unit time per cubic meter of
air. The decay of 212Pb is evaluated for a range of holding (decay) and
counting times, td, and tc, respectively. For an automated system with a
single sampler and a single detector, the counting time equals the col-
lection time, and so one symbol, tc, can stand for both. A growth term
that explicitly assumes a constant concentration in the air over the
collection period was considered but not included because radon pro-
geny concentrations have a wide natural diurnal variability. So this
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MDC derivation considers only times from the end of the collection
period to the end of the measurement period.

To construct an MDC for isotope A, the Ld minimum detectable
counts are converted to a concentration using the gamma branching
fraction, Br, the collected volume, V, measurement time, tc, and the
efficiency and solid angle, εδΩ. The following form is obtained:

≅

× × × × ×− − −
MDC

μ

Br V t εδ e

4.65

Ω

B

c
λ t e

λ
(1 )A d

λAtc

A

The various decay terms represent the decay of isotope A, but this
work specifically addresses 140Ba with a halflife of 12.75 d. While the
solid angle, δΩ, will be the same for the 537.3 keV 140Ba gamma decay
and the 208Tl gamma at 2614.5 keV from 212 Pb day, the efficiency ε will
not. However, it understates the improvements shown in this work to
use the same εδΩ in both cases. Thus, expanding and collecting terms,
we obtain:
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Possible ways to shorten the integration and measurement time
from 24 h to 12, 8, or 6 h, while maintaining about the same MDC,
include increasing V or εδΩ, or decreasing the measured background
with more decay. With electrostatic precipitation (see Sec. 2.2), it may
be possible to increase V and decrease power simultaneously. If the
sample collection media is substantially thinner and more foldable than
current RASA filters, an additional improvement in εδΩ could be rea-
lized. If the notional design still used the maximum 72 h allowed by the
IMS from start of sample collection to end of measurement, the time for
decay of radon progeny could be substantially increased. Thus, an op-
timal design could potentially simultaneously shorten measurement
time t, increase V or εδΩ, and decrease the measured background.

The relative effect of different design configurations on the MDC is
shown in Table 1, where the current RASA performance is in row A. The
MDC factors also use the assumption that the background counts are
dominated by the presence of 212Pb. This has been experimentally
verified for continental stations, but there is less 212Pb present in
samples taken at island stations. Of course, improving εδΩ by more
than a factor of two, and tripling the air flow, results in a much better
(lower) MDC in rows M, N, and O. Rows M and P show that with a
folded sample geometry, as in Fig. 1b, a sampler could operate in a 12-h
mode with the same MDC as the current 24-h mode. Higher airflow in
addition to a better sample-detector geometry could allow 8- or 6-h
operation. Doubled airflow and the better geometry make the results in
row T almost equivalent to today's MDC, where tripling the airflow as in
row U improves over today's MDC. Increasing the airflow of the existing
system could be done by simply resizing the air pump at the expense of
using significantly more power. Using more power lowers the chance of
using a battery backup to operate during extended power failures such
as during the Fukushima Daiichi Nuclear Power Plant disaster. We show
in the next section that more sample volume and lower power can be
simultaneously achieved by replacing filtration with electrostatic de-
position.

2.2. Electrostatic precipitator sampling

Increasing the air flow rate while reducing power requires reducing
the friction losses in the filtration material. An electrostatic precipitator
(ESP) is a natural way to accomplish that. An ESP can accommodate
significantly increased flow volumes compared to other filter media.
Increased flow volume results in increased measurement sensitivity and
provides design flexibility. The open flow channels in an ESP result in
very low pressure drops, and therefore require much less blower power
than the comparable blowers needed for conventional filters. While
ESPs require high voltages to operate, the current is very low so that the
supplied electrical power is low. This approach to radionuclide collec-
tion will significantly reduce system power, increase sample air volume,
and thus improve instrument detection sensitivity.

Electrostatic precipitation offers an approach to aerosol collection
that can provide greater operational flexibility. The collection effi-
ciency can be dynamically adjusted by controlling independent para-
meters such as flow rate and the electric field strength within the pre-
cipitator to enhance or reduce particle collection in real time, adjust to
changing radionuclide activity conditions, and operate in a low-power
mode. Remotely reducing the collection efficiency after collecting a few
full-intensity samples might be an attractive option in the future. This
would have been useful during the Fukushima Daiichi Nuclear Power
Plant disaster because some of the samples that could have been

Fig. 1. Geometry comparison of (a) a RASA wrap-
around geometry, (b) a 10-cm square, (c) a com-
pressed puck, and (d) a point source. The RASA
geometry factor, dΩ, is about 5 times smaller than for
a point source. The geometry factor for a 10-cm-
square solid is 2 times smaller than for a point
source.

Table 1
Possible measurement schemes and the impact on MDC for samples with 212Pb
contributions to the background concentrations. The air flow rate and the MDC
have been scaled to 1 for the current RASA, and ε dΩ, or the efficiency of the
sample-detector geometry, is scaled to the efficiency of a point source on the
detector face. Current RASA performance is given in Row A.

Row Geometry Flow
Rate

Sample &
Count (h)

Decay
Time (h)

MDC
Factor

MDC Factor with
Added Detector

A 0.2 1 24 24 1.00 NAa

B 0.2 2 24 24 0.71 NA
C 0.2 3 24 24 0.58 NA
D 0.2 1 12 48 1.58 NA
E 0.2 2 12 48 1.12 NA
F 0.2 3 12 48 0.91 NA
G 0.2 1 8 56 2.40 NA
H 0.2 2 8 56 1.70 NA
I 0.2 3 8 56 1.39 NA
J 0.2 1 6 60 3.37 NA
K 0.2 2 6 60 2.38 NA
L 0.2 3 6 60 1.94 NA
M 0.5 1 24 24 0.63 0.45
N 0.5 2 24 24 0.45 0.32
O 0.5 3 24 24 0.37 0.26
P 0.5 1 12 48 1.00 0.71
Q 0.5 2 12 48 0.71 0.50
R 0.5 3 12 48 0.58 0.41
S 0.5 1 8 56 1.52 1.07
T 0.5 2 8 56 1.07 0.76
U 0.5 3 8 56 0.88 0.62
V 0.5 1 6 60 2.13 1.51
W 0.5 2 6 60 1.51 1.07
X 0.5 3 6 60 1.23 0.87

a The current filter wrap-around geometry in the RASA does not support
adding an additional detector.
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obtained, between power outages, were too radioactive to ship or re-
ceive at a laboratory.

A standard wire-plate type ESP configuration is under investigation
for application to radionuclide collection. In this approach, air is drawn
through a precipitator volume that consists of a set of parallel rectan-
gular flow channels. Along the center of each flow channel is a set of
thin-wire discharge electrodes. A high voltage is applied to the dis-
charge electrodes, which creates a strong electric field between the
wires and the collection sheets. As air flows through the system, a
corona of ionized gas molecules develops around each discharge elec-
trode, which electrostatically charges the aerosol particles entrained in
the flow, as shown in Fig. 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. A challenge is that the design must have a sufficiently long
flow residence time for the particle to build charge and migrate to the
collector. Particle resistivity affects ESP performance, too high of re-
sistivity can reduce electric field strength and lead to a back-corona
discharge if the dust layer builds up too much; too low of 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 hu-
midity.

A wide range of voltages, flow rates, ESP dimensions, and wire
configurations have been tested to determine the impact on collection
efficiency. Particle density and spectrometry measured before and after
the collection chamber is a simple way to evaluate collection efficiency
as a function of particle size, flow rate, and applied voltage. A para-
metric study of efficiency vs. flow rate, power level and various voltages
was performed. The before and after particle density measurements
determines that particles were removed but does not prove the particles
were attached to the desired surface. However, in this case, the col-
lection surface was essentially all of the available surface, so the au-
thors feel confident that the differences are very small. In the future,
this can be checked using airborne radioactivity.

The original idea of the RASA was to expose a number of small filter
strips to air flow simultaneously, then physically concentrate these
strips for measurement. The total filter size was large during collection,
to minimize air velocity and drag, but then compact during gamma
spectroscopy to maximize the gamma-ray detection efficiency. In the
interior view of the radionuclide collector in Fig. 3, air flow would be

from left to right, and during sample change, the aluminized collection
medium would move downwards. Several of these ESP radionuclide
collectors would be arranged in such a way that ducting would bring air
to all of them, and wide strips of collection media would move from
rolls, through the collectors, then to folding, and then to radiation
sensors, as shown in Fig. 4.

Because the likelihood of collecting a particle in a flow-through
precipitator depends on the residence time of the particle in the ESP
cell, and increasing the flow rate decreases the residence time, if one
holds all other operating parameters constant, the ESP loses particle
collection efficiency at high flow speeds. Even at a lower collection
efficiency, because the sample volume can be much larger, the total
amount of particulate collected can be much larger. The results pro-
vided in Fig. 5 are scaled such that one arbitrary unit of particles would
be expected to be collected at the IMS minimum specification of
500m3/h and 80 percent particle collection efficiency. At double the
flow rate, the same system might only have 60 to 70 percent flow-
through particle collection efficiency, but the resulting amount of
particulates could be 1.5 times larger. The operating voltage may be
adjusted to recover some of the lost collection efficiency of high flow
(as seen in Fig. 6), improving the amount of collected particulates to 2
or 3 times the minimum specification. This comes at the cost of in-
creased power consumption, so a design needs to consider competing
needs.

As an example, select a sampling power level of 1100W, similar to
the power used by the current RASA design. The curves in Fig. 6 in-
dicate that with an applied voltage of 5 kV for ESP, a particle collection
efficiency of 0.7 would be achieved with flow rate of 3000m3/h.
Plotting this efficiency and flow in Fig. 5 would result in collecting 5
times the number of particulates as the IMS requirements and 2.5 times
the number of particulates collected by today's RASA at the same power
consumption.

2.3. Implications of using ESP on samples

The systems being researched use aluminized Mylar™ (registered
trademark of DuPont Teijin) for a particulate collection surface. Many
strips of exposed Mylar are collected together to form a sample. Many
folding options are possible because the sample medium is less than 1-
mm thick, compared to an approximately 1-cm thick RASA filter
bundle. A simple modification to the wraparound geometry used in the
RASA to make the sample 5 cm wide versus 10 cm wide could improve
the sample-detector efficiency by around 5 percent. With more complex
mechanical folding or limitations on the surface area of the Mylar, a 10-
cm folded package (see Fig. 1) is possible, which could ultimately lead
to a shorter residence time for particles in the ESP cell.

Aside from trade-offs in power, size, and detector geometry, alu-
minized Mylar is a substantially different sample medium than used in
the past. The implications on radiometric measurement and sample
dissolution chemistry are prudent to consider. A 42.9-g simulated Mylar
blank sample bundle was measured in the Shallow Underground
Laboratory at Pacific Northwest National Laboratory (PNNL) (Aalseth
et al., 2012) with a Canberra Broad Energy Germanium (BEGe) detector
in a configuration quite similar to Fig. 1c. The BEGe detector is
equipped with a cosmic veto system (Burnett and Davies, 2014) that
reduced the detector background by 25 percent. The sample was
compressed into a cylinder (55mm in diameter by 22mm in height)
and measured for eight days. The resulting gamma spectra analysis
indicated trace levels of naturally occurring radionuclides from the 238U
and 232Th series. As shown in Table 2, the activity of these radio-
nuclides ranged from 3.7×10−4 Bq/g to 1.2× 10−2 Bq/g. Although
the quantity of aluminum is slight, many sources of aluminum are
known to contain traces of 238U and 232Th (Wogman, 1981). Interest-
ingly, these values are an order of magnitude lower and higher, re-
spectively, than a similar measurement of this type of material 33 years
earlier (Brodzinski et al., 1985). A comparison was made with a 40.0 g

Fig. 2. Fundamental aspects of electrostatic precipitation operation.

Fig. 3. ESP radionuclide collector under development for this work. ESP can
achieve very high collection efficiencies (> 99.5%) across a wide range (30 nm
to> 100 μm) of particle sizes.
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sample of blank, compressed RASA material, which was measured using
a certified IMS gamma-spectrometer (Greenwood et al., 2017) in the
Shallow Underground Laboratory for seven days. This sample showed
only measurable 40K at 2.6× 10−4 Bq/g. All other radionuclides were

below the 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, more than the
current RASA collection media. The authors suspect that this increased
level would not affect daily IMS samples, which have relatively high
levels of radon-daughter concentrations, but would indeed affect la-
boratory measurements or a second, low-background measurement by a
future RASA instrument. Additional investigation is needed to de-
termine if this is a substantial effect or if it could be remedied by se-
lecting an alternative aluminum source in the fabrication of the sample
media. Alternatively, other conductive films can be investigated for use
as sample media, including metallized plastic films using metals other
than aluminum.

An IMS requirement originating from historic environmental mon-
itoring practice indicates that IMS samples should be dissolvable.
Historically, samples were dissolved and elements chemically separated
to overcome the inability of first-generation radiation detectors to dis-
cern one isotope from another using gamma-energy analysis. This lack
of selectivity has been addressed since the 1970s by the use of high-
energy resolution detectors such as high-purity germanium (HPGe)
(Greenwood et al., 2017) and more recently by the use of γ−γ coin-
cidence detection (Britton et al., 2015a, 2015b). While chemical se-
parations may not be strictly necessary, it is still a desirable char-
acteristic for enhanced laboratory analysis.

Chemical digestion experiments were done on aluminized Mylar
using wet ash and dry ash approaches. At this time, it is difficult to
render a full assessment of the suitability of aluminized Mylar from a
chemical processing perspective. Based on the tests completed and
historical process knowledge, this new material likely brings new

Fig. 4. Full-scale ESP concept, which adapts the multiplexed sampling concept of the RASA to electrostatic collection, using the ESP radionuclide collector seen in
Fig. 3.

Fig. 5. Relative increase in modeled total number of collected particles over a
baseline 12,000m3/d sample volume (500m3/h at 80 percent filter particle
collection efficiency) for different flow rates and filter collection efficiency re-
quirements. The black dot is the current IMS minimum specification and the
black square is the existing RASA performance.

Fig. 6. Model predictions of collection efficiency versus ESP voltage for 0.25 μm diameter particles, which have the lowest efficiency rate. In other words, all other
particles of interest have higher efficiency rates (left) and total power versus ESP voltage (right) for varying flow rates in an ESP design concept for radionuclide
collection.
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complications during chemical processing because of the large mass of
aluminum in the material. The filter medium currently used in RASA
units is known to dry ash down to an easily digestible solid after a
lengthy dry-ashing procedure. The aluminized Mylar did not dry ash
down to a similarly easily digestible solid. Several initial experiments
were conducted to see if particulate material could be removed from
the aluminized Mylar instead of total dissolution of the filter.
Preliminary experiments indicate that it may be possible, but a more
fundamental understanding of the interaction with the particulate
matter with the aluminum is needed for a full assessment.

2.4. Nuclear detector options

In Fig. 7, four radiation detector positions are identified between the
starting media roll and the sample archive media roll. Each of these
represents an opportunity to tailor the radiation detection for the pos-
sible signals in a variety of signal scenarios (e.g., extremely elevated
signals to extremely low-level signals) with multiple decay possibilities
between each detector. Alternative detector choices are available to the
HPGe detectors traditionally used. For example, a plastic scintillator
could measure gross counts in the real-time position; a pair of NaI de-
tectors, in coincidence configuration, could measure short-lived or
high-intensity isotopes; one or more HPGe detectors could be employed
in the classic IMS position; and a commercial ultra-low background
detector with a cosmic veto system could perform the lab replacement
measurement. In this notional design, the correct combination of de-
tector choices could enhance mission capability, perhaps without major
changes to the cost of a system.

A summary of comparisons among detectors for each aerosol
monitoring role is provided in Table 3. Trade-off studies are required to
determine how various mature and emerging radiation detectors could
fulfill the role. As an example, one might consider that an upgraded
real-time detector that measures isotopes, especially in a highly-

concentrated sample, might eliminate the need for the early isotopes
measurement. A highly upgraded detector in the Classic IMS position
could greatly reduce the number of samples sent for laboratory analysis,
or even eliminate the need for the laboratory replacement measure-
ment. Operating a pair of detectors in the Classic IMS location would
greatly reduce the remaining downtime in IMS operations, since if one
failed, the nominal IMS MDC could still be maintained, with no loss of
operational days. This comes at no added cost, since a duplicate de-
tector is required to be present to minimize lost days.

If we consider only summing the single gamma ray detections from
two identical detectors at the classic IMS location, we see in the
rightmost column of Table 1 significantly enhanced MDC's are available
for much shorter integration times. Added flow could reduce the in-
tegration time from 24 to 6 h. This exciting possibility requires the
folded, 10 cm×10 cm geometry sample of Fig. 1b. By employing co-
incidence, many other detection improvements could be realized.

A completely separate line of analysis is to consider dynamically
changing operational modes in Table 1, say from row O to row V.
Perhaps, a very high real-time signal could trigger a shift to very short
integration times and eliminate the decay period, thus eliminating the
need for the early isotope position. Such a change in programming
could already be accomplished with today's automated IMS aerosol
samplers with the addition of real-time detection capability to trigger
the operations mode change.

3. Discussion and conclusions

The existing global IMS aerosol monitoring system was designed
without the benefits of the last two decades of global monitoring ex-
perience and without today's relatively high-precision atmospheric
models, data, and computational resources. These years of operations
and data analysis have exposed the limitations of the network and
shown opportunities for improving the aerosol instruments. During the

Table 2
Measured radionuclide concentrations and 2-σ uncertainties in an aluminized Mylar sample and standard RASA filter.

Nuclide
Energy (keV)

Aluminized Mylar RASA Filter

Activity (Bq/g) MDC (Bq/g) Activity (Bq/g) MDC (Bq/g)

40K 1460.8 <MDC 3.5×10−3 2.6×10−4 (53.1%) 4.5× 10−4

234mPa 1001.0 1.2× 10−2 (12.1%) 6.7×10−3 <MDC 2.5× 10−3

226Ra 186.2 6.2×10−3 <MDC 6.2× 10−4

214Pb 351.9 1.4× 10−3 (3.2%) 1.6×10−4 <MDC 1.6× 10−4

214Bi 1120.3 2.2× 10−3 (7.1%) 6.0×10−4 <MDC 2.0× 10−4

210Pb 46.5 <MDC 2.9×10−3 <MDC 4.1× 10−3

228Th 84.4 6.0× 10−3 (9.7%) 3.0×10−3 <MDC 1.7× 10−3

228Ac 911.2 <MDC 2.9×10−4 <MDC 8.8× 10−5

224Ra 241.0 6.4× 10−3 (7.4%) 2.3×10−3 <MDC 1.1× 10−3

212Pb 238.6 <MDC 5.5×10−4 <MDC 5.6× 10−5

212Bi 727.3 <MDC 1.0×10−3 <MDC 3.0× 10−4

208Tl 2614.5 3.7× 10−4 (10.9%) 1.2×10−4 <MDC 2.6× 10−5

235U 185.7 <MDC 3.9×10−4 <MDC 3.9× 10−5

MDC=minimum detectable concentration.
RASA=Radionuclide Aerosol Sampler/Analyzer.

Fig. 7. Notional design for a next-generation aerosol monitoring system (not to scale). This concept shows four detector positions, including the original Classic IMS
measurement position of the original RASA, but supports other signal scenarios by using additional radiation detectors.
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past two decades, several announced nuclear tests, several announced
accidental nuclear releases, and a major nuclear catastrophe occurred.
These events have prompted deeper questions about instrument needs
and how recent technology improvements can be used to answer them.

The source location capability of aerosol monitoring depends on
atmospheric transport calculations, which in turn depend on a rela-
tively accurate time component of the measurements (e.g., the arrival
time and duration of a radioactive plume).

Question: Can arrival time be measured?
Answer: Arrival time of gross radioactivity can be easily measured,

even as an add-on to existing aerosol monitoring systems.
Question: Can sensitivity (low MDC) be maintained while shortening

sample integration time?
Answer: Table 1 shows that existing systems could be modified to

accommodate shorter integration times, but enhanced sample-detector
geometry allows both more sensitivity and shorter integration times.
This work shows electrostatic deposition could provide both.

The current network is designed for a medium- to low-level sce-
nario. Adapting this network to provide rapid discrimination capability
in the high-level radionuclide release scenario would provide new
capability in nuclear explosion monitoring, with a particular focus in
confidently screening out civilian sources.

Question: Can isotopes be identified and isotopic ratios measured with
confidence at early times for large releases?

Answer: Small, reasonably high-resolution radiation detectors op-
erated individually, or in coincidence, should be able to discern the
most basic characteristics of an intense plume of radioactivity. Fig. 7
shows this is possible in the Early Isotopes position and might even be
possible in the Real-time Detection position in the air stream, although
it would be a serious design challenge to arrange coincidence detectors
around a collecting sample without adversely impeding airflow. In
addition, electrostatic collection efficiency could be remotely reduced if
sample activity exceeds bounds adopted to ensure safe handling and
transport.

Improving the confidence, reliability, and ease of operation of sta-
tions would improve the overall monitoring value of the network.
Marginal detections lead to unsatisfied users and many samples being
sent to the laboratory for additional measurements, at high cost and
long delay.

Question: Could a field system be upgraded in a way to provide much of
the advantages of a laboratory measurement of a sample?

Answer: By employing a high-resolution coincidence measurement
in place of the classic IMS measurement (high-resolution singles), some
isotopic interferences can be removed so that the advantage of decay
time before laboratory measurement or laboratory chemical separations
is somewhat reduced. Perhaps as important, this measurement would
provide results days to weeks earlier than current systems.

Question: Can an automated field aerosol system use sufficiently less
power such that it could be partially or completely battery-backed?

Answer: Loss of power to mechanically cooled HPGe sensors spe-
cifically for this system component usually results in a lengthy
warm–up/cool-down process. Simply providing an additional battery

backup for this system could reduce the downtime of existing systems.
However, rebuilding the system to use electrostatic deposition could
reduce the power need for collections drastically, allowing complete
system backup.

Question: Could a field system be upgraded to eliminate the need for
rapid transfer of a sample from the field to a laboratory (i.e., fill the la-
boratory need for remote sampling locations)?

Answer: Commercial ultra-low background systems could be
modified to accept automated sample transfers from an automated
sampler/analyzer when the samples are appropriately aged, approxi-
mately one week after the classic IMS measurement, and provide much
of the value of a laboratory re-measurement.

In this paper, these questions have been answered only to a notional
level. It is clear that some of these concepts could be applied as up-
grades to existing automated systems like the RASA, or possibly be
applied in a modular way to manual systems. The optimal approach
would be to simultaneously redesign all subsystems to achieve shorter
sample integration time and more sensitivity, use less power, and
support high- and low-level release scenarios. Changing all subsystems
requires a complete redesign. The authors are aware that the MDC
formula used in this work is not valid where 212Pb is not the dominant
half-life in the natural background spectrum of a sample, for example,
sampling locations on islands where radon concentrations are com-
paratively low. The authors believe the potential has been firmly es-
tablished for electrostatic deposition and radiation detection options,
but more work is required to validate these notions and move to a
conceptual design.
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