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LONG-RANGE ALPHA DETECTION APPLIED TO SOIL CONTAMINATION AND
WASTE MONITORING

Duncan W. MacArthur, Krag S. Allander, John A. Bounds,
Donald A. Close, and James L. McAtee.

Los Alamos National Laboratory, Los Alarnos, NM 87545

ABSTRACT

Alpha contamination monitoring has been traditionally limited by the short range of alpha particles in uir

and through detector windows. The long-range alpha detector (LR4D) described in this paper circumvents
that limitation by detecting alpha-produced ions, rather than alpha patticles directly, Since the LRAD is

sensitive to all ions, it can monitor all contamination present on a large surface at one time. Becouse air is

the “detector gas,” the LRAD can detect contamination on any surface to which air can penetrate. We

present data showing the sensitivity of LRAD detectors, as well as documenting their ability to detect alpha
sources in previously unmonitorable locations, and verifying the ion lifetime, Specific designs M results
for soil contamination and waste monitors are also included.

INTRODUCTION

Alpha contamination monitoring has been traditionally limited by the short range of alpha partic Ies in ilir

and through detector windows. All traditional alpha detectors use direct detection of alpha particles us

illustrated in Fig, 1, The limitations of this technique have generally forced alpha monitors to be

construcled with very thin windows and to be used in contact with the potentially contaminated object, At
least tbur major problems with conventional alpha momtwx can be traced to this range limitation,

Place Fig, I here

(1)

(2)

(3)

(4)

Current alpha detectors cannot reliilbiy achieve the sensitivity levels demanded by DOE and EPA
Regulations,

Traditional ulpha detectors, since they must be in CIOSCproximity to the contamination, arc not

sensitive to conmrnirmtion in inaccessible areas, such as cracks in rocks or in loosely ptickcd
wuste.

These alpha detectors can only detect contamination Iocuted directly under the probe; ltirge
surfaces that arc uniformly contcminatcd cannot be satisfactorily monitored,

Scanning of Iargc surfaces must be accomplished by hand, which varies greatly with the
experience and mood of the scanner,

The long-range tilphu detector (LRAD) detects alpha-pioduced ions rather than ulpha pmticles dircc[ly,

As an ulpha particle looses energy in the air, it crcatcs numerous electron/icm pairs, These charge! ~i~t~ IN

traitsportcd for many meters in an ttir current, An ion detector located in the uir current can dctcc( ,Iw hms

Iind, hence, the presence of Alpha conttimintition,



The LRJ%D detector addresses all four of the concerns detailed abve. Since [he LIUD is scnsitiw to :dl

ions, it can monitor the contamination on a large surface at one time. Because air is the “’detector w.” the
LRAD con detect contamination on my surface to which air can penetrate. In this paper, we presem dmt
establishing the sensitivity of LR4D detectors to 100- to 300-disintegrations-per-minute (dpm) sources, the
LRAD’s ability to detect alpha sources in previously unmonitorable lccations, arid verifying [he ion Iifc[ime.
In addition, we present designs and preliminary results for soil sample contamination monitors, soil surfuce
contamination monitors, and radioactive waste contamination monitors.

LRAD OPERATION

The long-range alpha detector (LIWD) illustrated in Fig. 2 is sensitive to the ionized air molecules

produced by an alpha particle’s passage, rather than to [he alpha particle itself. The primmy mechanism for
alpha patticle energy loss in tne ambient air (and other gases) is ion pair production, In air, an alphu particle
loses about 35 eV per ion pair produced; thus, iI 5-MeV alpha particle will produce about 150,000 ion pai(s

as it loses energy in air. These charges can be transported by an air current into an icmdetector Ioc;ucd up to
several meters away from the initial decay.

The energy 10SSfor other common gases ranges from 26 [o 43 eV per ion pair ( I ). Thus, the potential
sensitivity gain offered by gases other than air is outweighed by the convenience of cqmation with umbiem

air, which does not require special gas handling with attendant envirmlmental concerns.

Place Fig, 2 here

SMALL LRAD

The prototype monitor system based on a small LRAD detector is shown in Fig. 3. From left to I ighr,
[his figure shows the input electrostatic tllter, the sample chamber, a 17<m connecting tube, and the ion

detector and fan assembly. This monitor system has been exhaustively tesf:d for many different

applications including those discussed in this puper.

Place Fig, 3 here

Although the design nnd construction of the small LIUD detector and monitor are discussed in dctuil ill

Refs. 2-5; we include a brief discussion here for completeness. The ionized nil rnoleculeu m dru~m into
the region between Iwo grids by M air current. A 300-V buttery creutes un electric field helwen the grids

thut uuracts one type of ion to the HV grid while pushing the other type onto the sense grid, Both pohwitim

huve been used witi approximately quul sensitivity. The charge collected on the sense grid pussesthruugh

u sensitive electrometer; thus, the number of ions and, hence, the number of ulpha panicles can be rctid

directly. Other detector geometries w discussed in Ref, 6, The LIWD is sensitive only to the totnl
ionization, no spectral or sptitiul infommtion is produced,

Each of a series of nine wnull 23~Pu alphu sources (runging from 100 to I IW3 dpm) wus inserted into
the wunple chamber for ubout 10 min. A 10-rein period of background data was ucqu!red Iwtwccli cii~h

w.mce measurement, Figure 4 shows the response d’ Ihe prototype LRAD detector to this series of

2



sources. Figure 5 is a graph d ~wing [he strengths of all nine sources. In each cue, the detected response

rises [o its maximum value in 1 min or less. The intrinsic transient response is much faster [ban this; [he I -
min averaging time smooths out the final responses.

Place Fig. 4 here

Place Fig. 5 here

All of the source responses (including that produced by the 100dpm source) are easily distinguished

from the background. Figure 4 illustrates the raw data that were acquued by opening the sample chamher,

placing the source inside, and closing the chamber. This sequence was re~ated for every transition shown
in Fig. 4, and created only one small transient at 170 min.

h this prototype, the LRAD ( 1) can reliably detect a l(Kldpm source, (2) responds to all sources in less
than a minute, and (3) is relatively immune to physical noise. All of these characteristics ax essential in

designing an alpha monitor for use in plant monitoring conditions.

We averaged the data points contained in each source response of Fig. 4. These averages and their

standard deviations are plotted against the measured value of the alpha sources in Fig. 6. Both x and y error
bars represent 1 std dev. This version of the LRA.D has a vety linear respmse to small alpha sources that
extends to the bwkground, indicating that arbiwady small sources could b detected by increasing the
averaging time..

Place Fig. 6 here

Although standard L~ monitors use ambient air as a detection medium, to test the effect of changing

humidity or airborne dust concemrathrt, other gas mixtures are uacd in the LIUD, For the first series of

tests, we used three different gas mixtures (ambisnt &, dry, filtered &, and dry, filtered nitrogen) and

opeta[ed the LWD with both psitive and negative HV applied. The results of these tests are surnrnariztd

in Fig. 5, which includes the detector rqmnsa to a l(XN)-dpm alpha source, as well as a background

measurement in e~h configumtion. In general, all of the responses are remarkably similar. inc!kuting [hat

neither gas composition, airbme dust concentration, water content, or HV polarity has a significant effect
on LRAD operation. We arc investigating the effects of other gas mixtures and further humidity vuriutions
in n second series of tests.

LARGE LRAD

Several types of contamination moni[ors (such as small equipment, hand-held, soil core sample, liquid
waste, radon, and small conmrninated object monitors) are well suited to the mall size and low uirtlow

characteristics of the monitor describd above. Other applications (such as personnel, clothing, soil wunplc.

und solid waste monitors) require n much larger system LRAD similar to that shown in Fig. 7. Other [bun



,

the much larger size of the sample chamber, the major change from the small LIWD configuration is that the

electrostatic filter, the LR4.D itself, and the fan manifold are .“11as large as the sample chamlxr, ro[her [ban
the small (compared to the sample chmdxr) devices used in the original LRAD system.

Place Fig. 7 here

Figure 8 is a simplified schematic drawing of the large LFL4D monitor showing the relationships
between the electrostatic filter, [he sample chamber, the LRAD detector, and the fan manifold. As in the

smaller design, ambient air is drawn through the electrostatic filter to remove any ions or dust ptiicles
present outside the detector. Thus, any air ions detected in the LIUD were produced inside the sample

chamber, presumably by radioactive contamination. Uniform airflow throughout the chamber is provided
by twenty-four 8-cmdiam fans mounted in the fan manifold. Many ~inall fans provide a more unifomn
a.i-rllowdistribution amoss the sample chamber than a single larger fan.

Place Fig. 8 here

SOIL MONITORS

Although the small LIG4D monitor could be used to me~ xe small soil samples, a larger monitor (such
as that shown in Figs. 7 and 8) or a spectiic soil monitor (such as shown in Fig. 9) will be more efficient.
When used as a soil mrnple monitor, a sample of potentially contaminated soil would be distributed over [he

bottom of the sample chamber illustrated in Fig. 9. Air flowing over the soil would transpott nlpha -
generated ions into the LFUU3. A similar system employing an open-bottomed sample chamber could be
used 10 monitor contamination on the soil stiace without removing the soil. The entire monitor would be
placed over the suspect areq and any air ions are drawn from the soil surface through the LRAD.

Place Fig, 9 here

Soil core samples could be quickly monitored with a system such as that illustrated in Fig, 10. [n this

case, air is drawn over the surface of a core sample, and any surface alpha contivition is detected by ir

LRAD. If the sample enclosure is fitted to the core sample size, the enclosed air volume is small.

minimizing radon nnd cosmic-ray backgrounds. A small air volume could also be easily swept out by the

single fun of the small LRAD system, making futther detector development unnecessary.

Place Fig, 10 here

To be effective in soil monitoring applicauons, u alpha detector should be sensitive to distributed

sources of contamination, us well as point sources, Figure I I illusuates the response of the small LRAD

monitor to n single 1000-dpm 2~9Pu alpha source oud to 4 scparuted sources. The separnted sources were
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100, 210, 290, and 370 dpm ( also 239Pu) located on the comers of a 5-cm square, As shown in Fig. I I,
the distributed sources produce a similar response to he single source.

Place Fig. 11 here

SOLID WASTE MONITOR

Although the prototype LM.D monitor can be used as a solid wasle monitor, a specific design cm
handle many of the waste transportation problems more efficiently. The solid waste monitor shown in Fig.

12 is a conceptual drawing of a LR4D waste monitor with a conveyer-belt waste-feed system. The results

presented here were obtained using the small LRAD monitor, rather than one of the solid waste monitms

described above. Al! of the results should transfer directly to a similar waste monitor,

Place Fig. 12 here

Solid waste normally contains objects that are impossible to monitor for alpha contarnina[ion using

traditional methods (such as pieces of pipe, objects with convoluted sufiaces, and small boxes). Figure 13
shows a set of five “mockups” of typical waste. The mockups are small enough to fit in our proto[ype

monitor, but are otherwise typical of waste configurations. A lCKMldpm 239 Pu alpha source ‘Nrispluced in
the center of each of tiiese mockups, The response of the LIL4D to the source was used to calculme the

minimum source strenvh t!!at would be detectable (with 99.9% certainty) in each configuration.

Place Fig. 13 here

Figure 14 shows these minimum detectable source strengths along w ith the rr,inimum detectable bure
source, Both tie bare source and the source located on a tool head have a minimum detectable strength of

-150 dpm as anticipated from Fig, 4. Minimum detectable source strength in [he other configurations

extend to -350 dpm. These results indicate that a solid waste monitor would IM sensitive to conmminution
levels of 300 to SCM)dpm, independent of the configuration of the waste.

Place Fig. 14 hem

LIQUID WASTE MONITOR

Two @enti~i liquid waste monitoring systems me illustrated in Fig, 15. In elt.her case, the potentially
radioactive liquid is completely isolated from the outside air. Such waste monitom would be insened in

liquid waste lines at facilities concerned with possible alpha contamination, The LRAD-basd wuste

monitor will react fast enough to enable the opernmr to diveti the was:e stream before any rcleuse m [he
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environment. Since alpha panicles have a much shorter range in liquid than in air, liquid wute monmrs m
designed so that as muc$ liquid volume is exposed to the air aspossible.

Place Fig. 15 here

In the simplest liquid waste monitor, shown conceptually in Fig. 15a, the was[e stream is allowed to

focm a shallow pond in a large detection chamkr. The liquid in this pond has a much larger surface arefi
than the same liquid cG,mined in a pipe. The air immediately above the surface of the liquid is dr~wn

through an LIUD, where any alpha generated ions are then de,~cted. This technique asmmes adequate
liquid mixing so that the surface layer of the liquid has the same composition as the bulk of the waste
stream.

Another form of liquid waste mcnitor, shown in Fig. 15b, forces the liquid through a nozzle [o form
droplets. The liquid in droplet form again has a much larger surface area than the original waste stream. In
this case, the air surrounding [he droplets is drawn through an LRAD, where any alpha-generated ions are
then detected. A nozzle-based monitor does not require previous liquid homogenization, but does raise
questions about aerosol wastes.

OTHER APPLICATIONS

In addition to the soil and waste monitors discussed in this paper, tie LR#tD technique has potential
applications in many other types of monitors for(1) object monitoring, (2) personnel monitoring, and (3)

other environmental monitoring. The following ptagraphs briefly explain a few of these applications.

ObJect Monitors

Mmy pieces of equipment and tools are either too large or too convoluted to monitor efficiently with

conventional detectors, and equipment that has been used in a contaminated area is ohen classified as
potentially contaminated and cannot be used in uncontrolled areas. The LFU.D-based, hand-held and

equipment monitors could be used to address this problem, Marty parts of nuclear facilities, both operming
md decommissioned, require alpha monitoring. Both the duct and pipe md tank and dmm LFL4D monitors

are optM for monitoring in locations that are difficult to reach with conventional deteetors.

Equipment or hand tools arc placed in the sample enclosure so the totalcontamination level can be

detected by an LM.D. The monkor shown in Fig, 6 has been used as a small equipment monitor, but u

larger sample chamber would be required for larger equipment.

Very large pieces of equipment that could not be moved into a sample chamber could be monitored

using a hand-held LRAD monitor, In this application, a small portable vucuum cleaner would be used to
pull ambient ions into an LIWI that would detect alpha contaminadon nem the vacuum inlet. Extensive

filrenng would bc required to prevent dust and other contaminants fhm entering the LMD along with the

ions,

If an LFLAD with a fan is attached to one end of a pipe or duct and an ion filter is attached to the other
end, then the inside surface could be monitored for ulpha contami.tmtion. This monitoring method would

II(It require physical int.msion into the pip or duct, which might Ix undesirable (because of contriminulion)

6



or impossible (in a small diameter pipe or duct). The airtlow required by the LRAD is small enough thm
contaminated dust need not be bl~wn into the atmosphere.

The tank and drum monitor is a variation on tie pipe and duct monitor: however, in this case, access [o
the enclosed volume is only availabie at one end. Both the filtered-air inlet and the detected-air outlet must
pass through a single opening. The inlet air is transported to the far end of the tank in an enclosed pipe so
that the ion-collecting airflow passesover tie entire inner surface of the tad

Personnel Monitors

Workers in nuc!ear production facilities must be routinely monitored for alpha contamination.

Depending on Lheprocesses the worker has performed, either a hand and arm scan or a whole body scan is
appropriate. Radiation workers and plant visitors routirrely wear anti-contamination (aati-C) cIothi.ng to

avoid the spread of contamination. This clothg cannotbe efficiently monitored with current techniques.

A hand and arm monitor would be used after a worker has performed an operation in which only the

hands and arms are potentially contaminated. Presently, hand and arm monitotig is accomplished w~th u

flat detector, and it is difficult to ensure that all portions of the hand and arm are held in contact with the
monitor. A large sample chamber would have two armholes witi rubber sleeves mounted in its side. If

this chambr were attached to an LR%D, the system would simultaneously collect all of the ions generated
by a worker’s hands and arms. Thus, the LRAD could detect contamination located on any part of the
hands and UrllS.

If the sample enclosure were enlarged to the size of a telephone booth , an individual could s[ep into the

booth for an allotted time and have all body surfaces and clothing monitored simultaneously. Traditional

techniques are only sensitive to small areas at a time and require scanning the detector over the body so that

each part is only monitored for a few seconds.

After use, anti-C clothing is laundered and resumed to be free of contamination. There is currently no

good way to check for contartimdon that remains on the clothing after laundenng. If several items of

clothing were hung in a large sample chamb, a single LR4.D monitor could detect any ions generated on

all of the items.

Environmental Monitors

Monitol ing for contarntnation moving from nuclear facilities and radioactive spills into the environment

is an ongoing problem. While the LRAD soil and waste monitors address some specific alpha monitoring

problems, air q~id.ity, groundwtiter, and contaminated object monitors am also important in reducing public
exposure.

The high sensitivity and flow-tiugh nature of the LRAD make it an excellent candidate for monitoring

atmospheric radon. Ambient air is drawn into a large sample chamber through an electrostatic filter that

removes any ions already present in the air. Any radon decays inside the sample chamber create ions tha:
can bedetected by an LRN3 ion detector. The sensitivity of the LMD makes direct detection of radon

concenmations possible in a few minutes, whereas traditional radon detection techniques cften require
weeks or months.



Controlling the alpha contamination released through a stfick is an ongoing environmental concern.
Chemically clean emissions could be routed through an LRAD directly, while a portion of diny esh~usts
could be monitored [o infer the total release.

Gmundwater could be monitored with exactly the same hmdware u liquid waste streams. The lack of
volatile components in the wa[er would enable the Lw to achieve the greater sensitivity required for [his

application.

Often potentially contaminated objects, such as railroad ties or steel girders, could be released for public
use if possible contamination questions could be answered. A specially sized sample chamber coupled wl[h
a standard LRA.D detector would make alpha monitoring of such objects efficient and effective.

CONCLUSIONS

We have demonstrated that the LRAD-based alpha monitor is effective in solving many of the problems

associated with ttaditionaJ alpha monitors. Although more work is required, the LRAD monitors are

relatively insensitive to atmospheric variations and have been effective in observing “real” contaminated
objects as well as laboratory sources.

LRAD-based monitors are potentially very effective for a series of solid waste, liquid waste, and soil
monitoring tasks. Our results and calculations indicate that the LR4D compares very favorably with

traditional alpha monitors in these applications.

We have mentioned many other potential applications in the fields of object, personnel, and

environmental monitoring. Although these applications have not been tested to the extent of the soil and
waste monitors, they do apply the unique features of the LM.D detector to a wide rarlge of current

concerns.
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Fig. 3. Photograph of small LRAD-based monitor.
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Fig, 5. ResWnse of the LIUD detector operating with different gas mixtures and HV polarities.
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strength.
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Fig, 10. Conceptual drawing of n core sample monitor,

13



z 100 -
=

3

i
u 50 -

i

2

0 1 1 1 1 (
o 10 20 30 40 50

Time (mIn)

Fig. 1 I. Response of the small LRAD monitor [o a single 1000-dpm alpha source (left peak) and [o 4
spaced alpha sources totaling 970 dpm (right peak).
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Fig. 12, Conceptual dedgn of solld w ~te monitoring ~ystem.
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Fig, 13, Photograph of five rypical solid wasm contlgurations. Sinning in [he upper left comer w-d

moving clockwise, they m a piece of pipe, an aluminum channel, an uluminum “pig” with u l/2-in, IIOIC
drilled tiough it, a stnall Pomonam box, und a hummer head.
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I;ig, 14, Minimum dc[ecttitde source strengths (with 99,9% ccrfainly) in cuch o! Ihc tlvc mockups
Ilhmlrmcd in t:ig, 1J IL* well ILYthe minimum dclcclub]e bun source,
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Fig. 15a. Conceptual dmwing of II liquid waste monitor. In this design the waste s[reum flows through o
large volume so that a large surface area is exposed to the UU. The LWD collects the LIir ions.
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