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There are numerous sites around the country, DOE and otherwise, that are faced with the
daunting task of remediating radiologically contaminated soils and groundwaters. Some of
these sites, such as the Nevada Test Site and the Rocky Flats Plant, have contaminants that
have been dispersed over wide areas. The costs of the characterization phase alone for such
remediation programs can be prohibitive. Therefore there are pressing needs for testing and
evaluation of new technologies for screening for radiological contaminants that may offer
significant advantages in capital costs, ease of use, sensitivity, ruggedness, and/or reliability.
This work reports on laboratory and field tests of two types of passive alpha detectors, electret
ionization chambers (EIC's) and alpha track detectors (ATD's), that have been commercially
developed for indoor radon measurements. Previous work documented calibration and
measurement protocols developed for these detectors for indoor surface contamination
measurements [1,2].

Electret Ionization Chambers (EIC's), manufactured by Rad Elec Inc., are passive ionization
chambers that consist of a charged Teflon electret mounted in a holder constructed of a
conducting polymer. The assembled detector stands 4cm tall and samples a 47cm2 area. The
charge on the Teflon is uniform and very stable, resulting in a long detector shelf life. When
the electret is screwed into its holder a static electric field is established. The chamber is then
placed on the contaminated soil surface. Alpha particles entering the chamber ionize the air,
and these ions are collected on the charged electret and reduce its surface charge. The change
in surface charge is read out as a change in surface voltage using a handheld electrometer.
The rate of voltage change is proportional to the activity of the soil. EIC's have significant
response to alpha particles due to both surface contamination and environmental radon, as
well as beta and gamma radiations. Procedures are under development for separating out these
different contributions.

Alpha Track Detectors (ATD's) manufactured by Landauer Inc. are fabricated from
LANTRACK® material, which is a polymer that has been cast using proprietary methods
from an allyl diglycol carbonate monomer. When this material is exposed to a flux of alpha
particles, damage tracks are formed on the surface which are subsequently converted into etch
pits when the plastic is etched in a caustic solution. The etch pits are then counted using a
conventional optical scanning system, and the "track density" may then be related to the
alpha-particle flux using an appropriate calibration. The material typically is manufactured in
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linm thick sheets which are easily cut or formed to suit a particular application. A standard
format is "chips" Icmx2cm in size that have an identification number laser-scribed on one
face for chain-of-custody and tracking purposes. These detectors have no measurable response
to beta or gamma radiations.

2. Soil Activity Calibration Issues

Laboratory tests were carried out on contaminated soils from several sources to address
calibration and reproducibility issues. Figure 1 shows the results of ATD measurements on
four soil sets: (A) Femald Environmental Management Project (uranium), (B) Nevada Test
Site Area 1 IB (plutonium, americium), (C) National Reference Material I (uranium oxide),
and(D) National Reference Material II (uranium and thorium ores). Similar results were
obtained with the EIC detectors. The slopes of the respective responses (which determines the
particular calibration factor to be used for field measurements) is very different for different
soils. The conclusion to be drawn from these results is that the alpha flux from a bulk soil
sample, and therefore the detector response, depends on both the radionuclide present and the
soil composition. This is because the alpha flux from a bulk sample is dominated by self-
attenuation, which in turn is determined by the initial alpha energy and the density ,and
composition of the soil. For field measurements the implication is that a site-specific
calibration must be determined in order to obtain quantitative results.

The following procedure has been developed for obtaining a site-specific calibration:
1) Collect a set of 5-10 soil samples, volume 250mL each, from the site to be characterized.

To the extent possible, the samples should be representative of the activity levels likely
to be encountered in the field measurements.

2) If the soils are wet, they should be dried for 2 hours at 200°C.
3) Mill each of the soils in a jar mill for three hours. This will mix the soils and make the

grain sizes more homogeneous.
4) Have a small aliquot (lOmL) of each soil radiochemically analyzed for total alpha activity.
5) Conduct a set of laboratory exposures on the milled soils using the detector of choice. Five

repeat measurements for the EIC's and ten repeat measurements for the ATD's should
be sufficient for good accuracy.

6) Plot the average detector response versus soil activity to determine the calibration factor.

3. Results of Field Tests

Site-specific calibration factors have been determined for the Nevada Test Site (area 1 IB), the
Rocky Flats Plant, and the FEMP (incinerator site). A series of field tests at NTS and
preliminary measurements at the FEMP and Rocky Flats have been conducted. Some of the
results from NTS will be discussed here.

Area 11B is located in "Plutonium Valley" at the Nevada Test Site, where a chemical safety



shot in 1954 dispersed plutonium and americium over an area of approximately 15,000m2.
Estimates of soil contamination levels, based on in-situ gamma spectroscopy measurements
[3], range from 64nCi/g Pu-239/Am-241 at ground zero to ~800pCi/g at the access fence
located 70m away. Other measurements based on soil sampling [4] indicate that the
contamination is limited to approximately the top 5cm of soil.

All measurements discussed here were carried out under dry soil conditions. Detectors were
deployed directly on the surface of the desert soil; the only surface preparation used was
removal of gross organic matter and rocks and flattening of the surface. EIC's were typically
deployed in sets of six at each location. ATD's were tested in a variety of sizes including
Icmx2cm, 2.5cmx2.5cm, lOcmxlOcm, and 30cmx30cm. Detectors were exposed from 5
minutes to 72 hours depending on the level of contamination present.

Estimates of the total surface contamination levels (in pCi/g) at eight locations from ground
zero (position E4) to the access fence (position fence-01) in ~10m intervals are plotted as
histograms in Fig. 2 for each type of passive detector. The contamination levels measured at
ground zero are about two orders of magnitude higher than the levels measured at the
fenceline. The apparent reduction in surface contamination at position EF is due to the
location having been covered in the past with clean gravel. The ATD, EIC, and (previous)
gamma spectroscopy measurements are all in agreement to within approximately a factor of 2-
3, which is very good agreement considering that each detector sampled a different patch of
ground and that soils are notoriously inhomogeneous.

Depth profiles of the contamination were measured using rectangular ATD strips 30cmx2cm
in dimension. A metal stake was pounded into the ground to make a narrow hole, and the
strip was then quickly inserted into the hole before it could collapse. In spite of the relatively
crude deployment procedure, this technique gave reproducible results. Examples of depth
profiles obtained in this way, at four locations from ground zero to the fenceline, are shown
in Fig. 3. Except for position E4, all of the measurements indicate that the Pu/Am
contamination is located within the top 5cm of soil. An estimate of the total contaminant
inventory for each location could be obtained simply by integrating each of these curves. This
measurement approach could be used, for example, for locating buried layers of transuranic
contaminants that have been covered with clean materials as is often the case at old waste
sites.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. Thw view*
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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FIGURE CAPTIONS:

Figure 1: Alpha track detector response on different soils including Fernald Environmental
Management Project (uranium), Nevada Test Site Area 1 IB (plutonium, americium), National
Reference Material I (uranium oxide), and National Reference Material II (uranium and
thorium ores).

Figure 2: Surface measurements of total Pu/Am concentration in soils at the Nevada Test Site,
Area 1 IB. Position E4 is near ground zero. The distances from ground zero to the other
locations are: EF @ 12m; F4 @ 24m; F4-10X @ 34m; away; F4-20X @ 43m; F4-30X @
52m; F4-40X % 61m; fence-01 @ 70m.

Figure 3: Depth profiles of Pu/Am contamination (in pCi/g) measured with ATD strips
inserted into holes. The surface locations are given in the caption for Fig. 2.
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