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ABSTRACT

The Weldon Spring site, located in St. Charles County, Missouri, is included on the National Priorities
List (NPL) of the U.S. Environmental Protection Agency (EPA), and the U.S. Department of Energy
(DOE) is currently conducting cleanup activities at the site. This paper discusses the significance of
radon exposures that may result from radium-contaminated soil and the approach currently being
taken at the Weldon Spring site to address this issue.

INTRODUCTION

The Weldon Spring site is located in St. Charles County, Missouri, about 48 km west of St. Louis. The
site consists of two noncontiguous areas: an 88-ha chemical plant area and a 3.6-ha limestone quarry
that was used for waste disposal from 1942 to 1969. The chemical plant area was used by the UJS.
Department of the Army as an ordnance works production facility during World War II, and the
facility was acquired by the U.S. Atomic Energy Commission in 1955 for use as a uranium feed
materials plant from 1957 to 1966. Both areas are chemically and radioactively contaminated as a
result of past processing and disposal activities. The DOE retains custody of the site, and both areas
are fenced to restrict public access.

The chemical plant area was added to the NPL of the EPA in 1989. The DOE is responsible for
cleanup activities under its Environmental Restoration and Waste Management Program. Cleanup
activities at the site are conducted in accordance with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), since the site is on the NPL.
To support cleanup decisions for contaminated material at the site, a remedial investigation/feasibility

study (RI/FS) was prepared and issued in 1992. As part of this effort, cleanup criteria were developed
for radioactive and chemical contaminants in site soil. The development of cleanup criteria was based
on compliance with environmental regulations, in combination with a site-specific risk assessment

The contaminated source areas at the chemical plant area include approximately 40 buildings and
structures, four raffinate pits, two ponds,~and two former dump areas. The radioactive contaminants
are those associated with the uranium-238, thorium-232, and uranium-235 decay series. The chemical
contaminants are those associated with processing operations for both nitroaromatic compounds and
uranium and thorium processing (i.e., metals, inorganic anions, polycyclic aromatic hydrocarbons,
polychlorinated biphenyls, and nitroaromatic compounds).



The radioactive contamination in soil at the chemical plant area can be generally characterized as
widespread, low concentrations of naturally occurring radionuclides, primarily uranium. Localized
areas of elevated radium are present around the processing buildings and in dump areas. Soil
concentrations of radiura-226 and radium-228 range from background (i.e., 1.2 pCi/g) to 450 and
150 pCi/g, respectively. Discrete areas of thorium-230 contamination also occur in soil around the
raffinate pits. Most of the radioactive contamination occurs in the uppermost 30 cm of soil.

As part of the RI/FS, a baseline risk assessment was performed to evaluate risks at the site in the
absence of remedial action (1). The potential risks to a hypothetical resident who lives in a house
constructed at different areas of the site ranged from 1 x 10* to 9 x 10*2. Despite the limited quantity
of radium-contaminated soil at the site, the majority of the risks were attributable to inhalation of
radon-222 decay products generated from radium-226 in soil. The risks associated with cleaning the
site for various future land uses are discussed in the following sections of this paper.

DEVELOPMENT OF CLEANUP CRITERIA

Methodology

The development of cleanup criteria at the Weldon Spring site was based on compliance with
environmental regulations, in combination with a site-specific risk assessment, with an overall goal
of long-term protection of human health and the environment Soil cleanup criteria were developed
for five key radionuclides in the thorium-232 and uranium-238 decay series — uranium-238,
thorium-232, thorium-230, radium-228, and radium-226. The relative concentrations of other
radionuclides in the decay series were incorporated into the cleanup criteria for these radionuclides
using the results of a radiological source term analysis for site soil. (The risk for radium-226 includes
the risk contribution from radon-222.) For radium-226, the EPA has promulgated standards for soil
at uranium and thorium mill tailings sites (2). The concentrations for these radionuclides are not to
exceed background by more than 5 pCi/g in the top 15 cm of soil or 15 pCi/g in each successive 15-cm
layer. Although the Weldon Spring site is not a mill tailings site, the nature and distribution of
contamination are sufficiently similar to consider these standards as appropriate limits that should
be met for residual levels in site soil. These limits translate to 6.2 and 16.2 pCi/g for surface and
subsurface soil at the site, respectively, including background. A review of the soil characterization
data indicates that these levels are exceeded in site soil at 15 surface and two subsurface locations.
The estimated volume of contaminated soil above these criteria is 5,500 m3.

A site-specific risk assessment was performed to determine whether levels below these limits could
reasonably be achieved, in accordance with DOE's as-low-as-reasonah!y-achievable process (ALARA).
The goal of ALARA is to reduce exposures as far below protective criteria as possible, considering
technical, economic, and social aspects. The site-specific risk assessment evaluated the risks to human
health from residual levels of contaminants in site soil. Because the Weldon Spring site is surrounded
by state-owned conservation areas, three scenarios appropriate for near-term and possible long-range
land uses were evaluated: a recreational visitor, a park ranger, and a resident. The recreational
visitor scenario, which is considered to be the most likely scenario for exposures following site cleanup,
evaluates the risks to an individual who routinely visits the former chemical plant area for
recreational purposes, similar to those of the surrounding conservation areas. The ranger scenario
addresses the risks for more frequent exposures to a conservation area employee who works in a
ranger station at the former chemical plant area and performs maintenance activities such as trail
repair. The resident scenario evaluates the risks to an individual who constructs a house at the site
and resides in it for 30 years.

The pathways evaluated for the analyses included incidental ingestion of soil, external gamma
irradiation, inhalation of contaminated airborne particulates, inhalation of indoor and outdoor radon.



and ingestion of home produce, beef, and dairy products. The methodology used to calculate doses for
each pathway, except radon, follows EPA guidance (3). The dose conversion factors used are based
on dosimetry models developed by the International Commission on Radiological Protection (ICRP),
as reported by Gilbert et al. (4). The exposure point concentrations used were those associated with
the surface soil. The exposure point concentrations for radon-222 and its short-lived progeny in indoor
air were calculated by estimating the amount of radon gas that could enter the structure (i.e., home
or ranger station) at each location and the concentration of decay products that would accumulate
inside the building. The average radium-226 soil concentration over a depth of 3 m was used to
calculate the indoor radon concentration at each location. Indoor radon decay product concentrations
were estimated using an empirical correlation of 0.0041 WL/(pCi/g) of radium-226 in soil; this
correlation is based on radium-226 in soil and resultant radon-222 concentrations in houses (5).

Results and Discussion

The EPA has identified a target range for incremental risks of 1 x 10*6 to 1 x 10"* (i.e., 1 in 1 million
to 1 in 10,000) for residual contaminants at NPL sites. At the Weldon Spring site, naturally occurring
radionuclides are the predominant contaminants, and reducing incremental risks to these levels is not
feasible. To illustrate these constraints, soil concentrations of radionuclides associated with these
target levels for residual risk were calculated for each key contaminant at the site (TABLE I). The
target risk range can be reasonably met for the recreational visitor, but the contribution from
radium-contaminated soils is limiting for the more restrictive land-use scenarios. In fact, an
incremental radium-226 concentration of 0.075 pCi/g would cause an incremental risk to a resident
of 1 x 10"4. Since the background concentration of radium-226 in nearby soil is about 1.2 pCi/g, it
would be necessary to clean up site soil to a total radium-226 concentration of 1.275 pCi/g to achieve
an incremental risk of 1 x 10"4 to a future resident. (These risks are largely due to inhalation of
radon-222 progeny.) This level is unrealistic to achieve during field cleanup activities. The potential
risks associated with radon-222 should not be surprising because the EPA estimates that the lifetime
risk of fatal cancer associated with background radiation, primarily from this radionuclide, is
1 x 10"2 (6).

Since the target risk range cannot be met, the development of radiological cleanup criteria for the site
is less an issue of determining acceptable concentrations of radionuclides in soil than it is an issue of
determining the ability to clean up the site to levels as low as reasonably achievable. This includes
considerations such as cost, waste volumes, and instrumentation detection levels.

As part of the ALARA process, an evaluation of (he distribution of radium-226 contamination in soil
was performed. Given the low volumes of subsurface radium-226 contaminated soil, it was concluded
that a separate subsurface radium-226 standard (such as the EPA standard discussed earlier) is not
warranted for the site. The evaluation continued by examining the feasibility of reducing the
radium-226 cleanup criterion to a lower level than 6.2 pCi/g. The major considerations for this
evaluation related to detection capabilities of field instrumentation and sampling methodologies to
detect very low concentrations of radionuclides in soil. Field instruments are unable to reliably
distinguish between background and slightly elevated concentrations below about 4 pCi/g in the field.
The ability to distinguish between a residual concentration below this level from naturally occurring
concentrations of radium-226 would not be feasible based on instrument sensitivities and the natural
variability of radium-226 in soil. Lower levels would require the collection of field samples for
laboratory analysis, which would be costly and could incur significant and expensive delays in cleanup
activities. Cleanup levels below 4 pCi/g would also result in removal of substantial amounts of clean
soil, which would increase the cost of remediation without commensurate reduction in risk.

An important issue that was considered in determining cleanup criteria is the ability to conform that
remediated areas have indeed been cleaned to a predetermined level. Post-cleanup verification at the



Weldon Spring site will be accomplished using a single composite sample taken from a 100-m2 area-
Two errors can result from sampling an area to determine compliance with a concentration standard:
(1) it can be incorrectly concluded that a clean area needs further remediation (i.e., false positive) or
(2) it can be incorrectly concluded that a contaminated area is clean (i.e., false negative). To minimize
the likelihood of false negative results, field activities can target a level below the actual standard to
effectively ensure that this level would be met. Computer simulations were performed to determine
this level (7). The results of this analysis indicate that targeting the field activities to a concentration
of 1 pCi/g below the ALARA goal would ensure at a 95% confidence level that the limit would be
achieved. Therefore, a level of 5 pCi/g at all depths, including background, was established as the
ALARA goal for radium-226. This level translates to a field target of 4 pCi/g. Hence, contaminated
soil would be removed in the field until a residual concentration of 4 pCi/g is attained, as determined
by field instrumentation. This would ensure at a 95% confidence level that the limit of 5 pCi/g would
be attained across the site.

For the scenarios described previously, the incremental risk corresponding to a level of 5 pCi/g was
estimated to be 6 x 10"3 for the resident, 4 x 10*4 for the ranger, and 3 x 1 0 s for the recreational
visitor. Reducing radium-226 concentrations to the ALARA goal will result in an incremental risk to
the resident that is comparable to that associated with exposures from naturally occurring
radionuclides in the environment. Thus, the overall radiological risk to such an individual will be
doubled. Reducing the radium-226 concentration to 4 pCi/g would reduce the incremental risk by
approximately 30%. At most locations across the site, the risks will be appreciably lower because the
radium concentrations are at background levels.

CONCLUSION

The NPL target risk range cannot be reasonably achieved for radium-contaminated soils (such as at
the Weldon Spring site) unless mitigative measures are taken to reduce indoor radon concentrations
(i.e, venting). Therefore, site-specific ALARA goals were derived on the basis of the lowest levels that
could reasonably be achieved in the field. Because of the nature of the contaminant distribution at
the site, it was possible to establish cleanup levels below EPA standards that are typically adopted
at other sites. Most of the contamination is surficial and is located in readily defined areas (i.e.,
around buildings and in dump areas). Thus, it is practical to consider reducing radium-226
concentrations to Jevels as low as field instruments will allow. It should be emphasized that this
conclusion is specific to the Weldon Spring site. A similar assessment at a different site having a
different distribution of radium-226 contamination would likely result in a different conclusion.
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TABLE I
Soil Concentrations of Radionudides Associated with Target Levels
for Residual Risk for the Recreational Visitor, Ranger, and
Resident

Receptor and
Radionudide

Recreational visitor

Radium-226
Radium-228
Thorium-230
Thorium-232
Uranium-238

Ranger

Radium-226
Radium-228
Thorium-230
Thorium-232
Uranium-238

Resident

Radium-226
Radium-228
Thorium-230
Thorium-232
Uranium-238

Soil Concentration (pCi/g)
Relative to Risk

l x l f f 4

23
46

2,100
430
810

0.81
2.6

160
31
95

0.075
0.62

81
16
23

1 xlO"5

23
4.6

210
43
81

0.081
026

16
3.1
95

0.0075
0.062
8.1
1.6
23

1 xlfr*

023
0.46

21
4 3
8.1

0.0081
0.026
1.6
031
0.95

0.00075
0.0062
0.81
0.16
023


