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Abstract

To facilitatc airborne radioxenon monitoring, a xenon concentration method with potential advantages
over current technology in simplicity, size, and cost has been developed. The concentration technique is based on
the prefcrential absorption of hcavy noble gases (kryplon, xenon, and radon) by certain organic fluids. To
implement this concentration technique, a radioxenon moniloring system requires three inlegrated sub-systems: 1)
an absorption sub-sysicm; 2) a degassing sub-system; and 3) a radiation detection sub-system. This study is focuscd
oa the characicrization and optimization of the first two sub-systems. Measurements using a small prototype
absocption tower have indicatcd a xenon removal factor of approximately 50% and the specific concentration at
saturation of certain organic fluids to be about 2.5 times the specific concentration in the sampled air. Various
techniques for degassing have been investigated, including heating, purging, agitation and vacuum. Ultrasonic
agitation of a thin film in a strong vacuum has been shown to be an effective means of degassing the transfer fluid
continuously. Various schemes for integrating all of the sub-systems are considercd. Combining the small
prototype absorption and degassing sub-systems should result in a transfer efficiency of about 33% and a single

stage concentration fuctor of about 6.7.

1. Introduction

Atmospheric radioxenon is a primary indicator of thc presence of a fission process. The type of source,
typically an operating recactor or a nuclcar weapons test, and the distance from the source (o the detection system
can be determined by measuring the ratios of radioxenon isotopes. However, detecting ambicent radioxenon is
complicated by relatively short half-lives and low atmospheric concentrations. The four isotopes of interest. '®Xe,

133%e, 1=Xe, and '>*Xe, have half-lives ranging from 9.1 hours to 11.9 days. With limited time to accurately and
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preciscly detect these isotopes, an ambient xenon detection system should be able to perform measurements directly
in the ficld. In addition, the system must be quite scnsilive to the low concentrations present in the atmosphere,
with specific activities on the order of tens of mBq per cubic meter. One mcthod to enhance the seasitivity of a
detection System is the extraction and concentration of radioxenon from large atmospheric samples. Relating the
specific activities of thesc samples back to the volume of processed air would indicate actual concentration. Current
technology to concentrate radioxenon primarily consists of cryogenic charcoal absorption [1]. This study develops
an alternative means of concentrating ambient radioxenon based on a fluid transfer technique.

Fluid transfer concentration uses the affinity that certain organic {luids have for heavy noblc gases (krypton,
xenon and radon) to preferentially absorb these gases in the fluid. Subsequent degassing rclcases the absorbed
hecavy noble gases without the dilution of less soluble atmospheric gascs. This concentration system consists of two
sub-systems: 1) the absorption sub-system. and 2) the degassing sub-system. The overall radioxcnon monitoring
system consists of these two sub-systems integrated with a radiation delection sub-system, such that concentration
and quantification are optimized. In this study, characterization and optimization of the concentration sub-sysiems
will be addressed. Previous studies have evaluaied the absorption properties of various organic fluids [2,3]. Coen
oil was used with thc sub-system protoiypes in this study because of its relatively good performance,

environmentally benign characteristics, and low cosL

2. Absorption

A cross-current absorption tower, ag shown in Figure 1, was used lo characterize heavy noble gas absorption
by the organic fluid. A similar absorption tower design was uscd in preliminary characterization experiments [2].
The absorption tower uscd in this study was limited to about SO ¢cm in height because of fume hood restrictions,
with a packed bed length of approximaicly 35 cm. Fluid was pumped into the top of the tower and then flowed
down through the packed bed into the fluid reservoir. Air was pumped into a diffuser in the fluid reservoir and

then flowed up through the packed bed. The packed bed consisted of 0.635 cmx0.635 cm cut polyethylene tubing.
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Insoluble gases were released via the air outlet in the upper plenum. This absorption tower was used 10 measure the
xcnon removal factoe of the absorption towcer and the xcnon concentration factor of the (luid.

The xenon removal factor is a measure of the fraction of xenon removed from a spiked air sample after passing
through the absorption tower one time. To characterize removal factor, the once-through absorption sub-system,
shown in Figure 2, was used. Various fluid and air flow rates were tested. Results indicate little dependence on
fluid flow rate, but a sironger dependcnce on air flow rate and input xenon concentration. The best removal factor
wag approximately 50% with fluid flow of 0.25 Ipm, air flow of 0.2 Ipm and input ***Xe concentration of 6.29
MBg/m>. The removal factor improves with lower air flow rates, lower inpul radioxenon concentrations and a
greater length of packed bed.

The xenon concentration factor has been defined as the ratio of specific activity from absorbed radioxcnon in
saturated fluid to the specific radioxenon activity in the surrounding air. The concentration factor is not dependent
on flow rates because it is determined at equilibrium saturation conditions. It also seems to be fairly indcpendent of
the input radioxenon concentration. For corn oil, the measured concemmt..ion. factor was about 2.4 for 54.39

MBg/m® of '**Xe in surrounding air and about 2.5 for 36.11 MBg/m® of ***Xe in surrounding air.

3. Degassing

Removing the absorbed gas from the host fluid can be accomplished with a varicty of techniques. Each method
was evaluated for cncrgy and time requirements and dilution of the degas product. Although the absarption
mechanism is not fully anderstood, experiments seem 10 indicate that in addition to overcoming the standard
desorption process dictated by partial pressures per Henry's law, a8 caplure mcchanism must also be overcome to
cause degassing. Somc sort of agitation, thermal or mechanical, could be used 1o release weakly trapped heavy
noble gasscs, Enhancing di(fusional mass transfer out of the fluid could be accomplished through entrainment with
a purgc gas or by using a vacuum. Consequently, methods that have been investigated include. heating, bubbling

with a purgc gas, ultrasonic agitation, vacuum and combinations thereof. These degassing techniques were




characterized using batches of fluid which had previously been passed through the absorption tower and thus
containcd absorbed radioxenon.

Experimental results where only heating was used to degas the fluid indicate that a complete degas would
require about one hour with an approximately constant degas rate oace the fluid icmperature was above about
60°C. Consequeatly, the time and energy requirements were considered excessive foc a continuously operating
system, although heating would not dilute the degas product. While hcating may effectivcly overcome the capture
mechanism, it did not sufficiently drive desorption.

While bubbling with a purge gas in an open loop system was observed to be a relatively efficient degassing
technique, the resulting diludon renders this technique ineffective for concentration purposes. Bubbling a purge
gas through the fluid in a closcd loop system was relatively ineffective, probably because of reabsorption in the
fluid. Nonethcless, these air sparging results indicate that the mechanical agitation of bubbling combined with
desorption-driving entrainment could be effective if replaced with less diluting methods.

To confirm that ultrasonic agitation would degas the fluid, a sonic disrupter was submerged about 3 cm decp
in a beaker with 100 ml of fluid. Activity was monitored using a S cmxS cm Nal(Tl) detector and temperaturc was
monitored to verify any thermal effects. Results indicate that sonic agitation by itself is slow, with a complete degas
requiring over 30 minutes for the 100 ml, at which point heating also became a faclor. Nonetheless, cavitation and
agilation were very cvident, suggesting that ultrasonic agitation might be effective when combined with a
technique to enhance desorption.

Vacuum was tested with 300 ml of fluid in a vacuum chambcr.. Activity was monitored using a 5 cmxS cm
Nal(Tl) detector. Results indicate very little degas with the 72 cm Hg vacuum alone. While the vacuum was
crealing a strong pressure gradicnt (o drive desorption, there was no accompanying agitation. A magnetic stirrer
was added to provide the agitation. A complete dcgas was realized in about 20 minulcs afier the magnetic stirrer
was started and created some cavitating agitation. Further tests demonstrated that a thinner layer of fluid in the
bottom of the vacuum chamber also increased degassing efficiency. This suggested that creating a thin film of the
fuid, pechaps with a packed bed, would also enhance degassing. Aside from lcakage, the vacuum technique does

not dilute the degas product.
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Using the results of the previous bawch experiments. a prototype degassing sub-system was constructed for
continuous flow experiments. This prototype combines a strong vacuum with a sonic distupter housed in a flow ccll
that drains into an 20 cm packed bed, thin film tower. This vacuum chamber design, shown in Figure 3, was tested
with 200 m! of fluid at 0.] liters per minutc continuous flow. Aftee passing through the degassing chamber once,
the sample was degassed 66.7+3.2% with little heating oc dilution. To optimize the degassing sub-system, a longer
packed bed and multiple stages could be incorparated. Increasing the diameter of the chamber from the 5 cm

diameter prototype would also minimizc flooding that limits the flow rate to about 0.1 Ipm.

4. System Integration

Given an optimized absocption tower and degassing chamber, these sub-systems must be integrated and
optimized in a way that most effectively concentralcs xenoa for subsequent detection. Three potential concentration
schemcs are single pass, holdup and recirculation. All of these schemes consist of a continuous loop of absorption
fluid being pumped between the absarption tower and the degassing chamber while air is pumped through the
absorption tower. The schemes differ in the treatment of the degas product deawn off by the vacuum pump. The
singlc pass system simply passcs the degas product through the detection sub-system prior to venting. The holdup
system retains the degas product in a chamber placed in front of the detector, with pressure increasing in this
chamber aover time. The recirculation system passes the degas product through the deteclion sub-system prior to
combining it with air entering the absorption tower. The holdup sysiem has the advantage of retaining the most
degas product in the detection sub-system for the greatest amount of time. However, since any source chamber and
vacuum pump have a limiled pressure capacity, excess degas product must be vented. Venting excess degas product

ta the aunosphere, as in the single pass system. results in the system concentration factor of:
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where Cy.q is the specific radioxenon concentration in the degas product, ml?t,

C.r i3 the specific radioxenon concentration in the input aic, mi™*,




S o Nl el Nl Vel e

Ry is the volumetric flow rate of input air, ml/s,

Rueg i8 the volumetric flow rate of degas product. mi/s, and

& is the transfer efficiency: input Xe atoms per unit time/degassed Xe atoms per unit time.
However, if the excess degas product is recirculated back into the concentration system via & pressure relicf valve
as shown in Figure 4, the system concentration factor is improved. The differential equation defining the dynamic
concentration of the recirculation system is given by:

dc,. ()
qu -—d-:_- = EU:- (qucllg (t ) + Rowr (t)) - qucdq (t) (2)
where Vdeg is the total volume occupied by the degas product (ml).

The general solution for this differential cquation is given by:
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The system concentration factor for the recirculation system in steady state is given by:
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This steady stale solution shows an improvement factor over the single pass system of 1/(1-€.y). Of course, n

multiple stages of concentration systems would yield a concentration factor of (Cauy/Cor)”, limiled only by the

number of stages. However, to minimize the number of stages requirced, cach stage must be optimized.

5. Conclusions

The absorption tower characterized in this study absorbs about half of the radioxcnon contained in input air, A

fleldable absorption tower, not limited to 50 cm in height or to a single lower, should absorb a greawr percentage




percentage (>90%) with a greater air flow rate [4]. The degassing sub-system characterized in this stwudy
demonstrated the ability 1o degas about 67% of the absorbed xenon continuously. A fieldable degassing unit
consisting of several stages should also be able to improve on the percentage of xenon degassed. However, given
only the tesied laboratory scale units, approximately one third of the xcnon contained in the input air will be
transferred into the detection sub-system by the fluid. With measured input and degassing air flow rates of 4.0 Ipm
and 0.03 Ipm, respectively, and a 33% wansfer efficiency, the minimum system concentration factor for an
unpressurized, recirculating source cell ig about 6.7 for a single stage.

Fluid ransfer concentration of radioxenon has polential advantages in simplicity, size and cost relative to
current cryogenic distillation systems. Since the fluid transfer concentration system will also concentrate radon, the
integrated system must be able to distinguish radon. Radon discrimination can be accomplished using pulse
processing techniques {S], or possibly by fractionation of the xenon and radon in the degassing sub-system of the
conicentration system. Further study will include more oplimization of the prototype concentration sub-sysiems,
empirical characterization of the integrated concentration system, radon discrimination, and moaitacing system

calibration.
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Figure 1 - Schematic of an absorption tower used to transfer xenon from the air to an

organic fluid.
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Figure 2 - Experimental configuration for measuring xenon removal factor of the
prototype absorption tower.
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Figure 3 — Diagram of the degassing chamber constructed as a combination of sonic
agitation with strong vacuum and thin-film tower with a strong vacuum.
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Figure 4 — Simplified schematic of combined holdup and recirculation scheme for system

integration.




