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ABSTRACT

ABSTRACT
The Shallow Land Disposal Area (SLDA) at Parks Township, Pennsylvania is owned by Babcock &
Wilcox (B&W), which maintains the site under an active NRC license. Under the B&W proposed
SLDA decommissioning alternative, the wastes would be stabilized on-site by installing engineered
cover and hydrologic barrier systems surrounding the trenches to provide groundwater protection.
The underlying coal mine would be stabilized by injecting grout into the mine voids to prevent
subsidence. Institutional controls would be required in perpetuity to prevent intrusion into the wastes.
The DEIS evaluates the radiological and nonradiological impacts associated with the B&W proposed
action and four alternative actions, including no action. Impacts are assessed for socioeconomics,
land use, cultural resources, geology, air quality, water quality, human health, biological resources,
and wetlands. The analysis shows that the staffs preferred alternative, modified stabilization in
place, would protect public health and the environment and would be less costly than the other
alternatives. This alterative would include institutional controls and backfilling of the coal mine, but
the engineered barriers and cap would not be implemented. For any of the alternatives, off-site
impacts would be low and no off-site dose is expected.
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SUMMARY
Until 1970, the Shallow Land Disposal Area (SLDA) at Parks Township, Pennsylvania, was used for
the disposal of hazardous and low-level wastes from a nuclear fuel fabrication facility in nearby Apollo,
Pennsylvania. Based on available records, the materials placed in the 10 trenches at the SLDA consist of
wastes, scrap and trash. The radioactive materials in the SLDA include natural uranium, enriched and
"Am, and Pu.
depleted uranium, and lesser quantities of thorium, 24
Before waste disposal at the SLDA, a coal seam was strip-mined where it outcropped in the western
part of the site and deep-mined beneath the higher ground in the eastern part of the site. Trench 10 was
developed in the fill material left from the strip mining. Trenches 1-9 are on the higher ground above the
deep mine.
The SLDA is currently owned by Babcock & Wilcox (B&W), which maintains the site under an
active NRC license; but B&W intends to decommission the site as part of license termination activities.
The site requires decommissioning because it contains activities higher than the NRC regulations allow
for release of the property for unrestricted use and termination of the license. The site is listed in the U.S.
Nuclear Regulatory Commission's (NRC's) Site Decommissioning Management Plan because it warrants
special NRC oversight to ensure safe and timely decommissioning.
Because the licensee's proposed decommissioning alternative would allow radioactive material to
remain on-site and the quantities of materials in some areas would exceed existing radiological criteria
for decommissioning, approval of the licensee's proposal requires the preparation of an Environmental
Impact Statement (EIS) in accordance with the National Environmental Policy Act and the NRC's
implementing requirements in 10 CFR Part 51.

ALTERNATIVES, INCLUDING THE PROPOSED ACTION
The B&W proposed action is stabilization in place (SIP) of the radioactive- and chemicalcontaminated wastes contained in the trenches at the SLDA. The stabilization would be accomplished by
installing an engineered cover system and a system of hydrologic barriers and controls surrounding the
trench areas to provide groundwater protection. The barriers would isolate the uranium and prevent it
from migrating laterally out of the stabilized area for the life of the barriers. Leachate would be directed
vertically into the coal mine where uranium would be diluted to levels below detection limits. The coal
mine underlying the SLDA would be stabilized by injecting grout into the voids under the trenches to
prevent subsidence. Institutional controls would be required in perpetuity to prevent inadvertent intrusion
into the waste.
Other alternatives considered in this EIS include no action, disposal off-site (DOS), stabilization onsite (SOS) and modified SIP (MSIP). Under the no action alternative, wastes in the SLDA would be
retained in their current configuration within the 10 trenches without any additional processing,
stabilization, or controls. This alternative is analyzed in the EIS to provide a baseline for comparison
with the other alternatives.
DOS would involve excavating all wastes, treating the waste as necessary to meet disposal facility
acceptance criteria, and shipping the waste to an off-site facility licensed for disposal. No wastes would
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remain in the trenches at the site after remediation, but contaminated soil and rock that are below NRC
and U.S. Environmental Protection Agency cleanup limits may remain on-site. Under the SOS
alternative, all wastes would be excavated, treated, and stored in a newly constructed on-site disposal
cell. Under the staff-developed alternative, MSIP, institutional controls and backfilling of the coal mine
would be used, but the engineered barriers and cap would not be implemented.

ENVIRONMENTAL CONSEQUENCES
This EIS evaluates the potential effects of the proposed action and alternatives on the following
environmental areas. Additionally an analysis and comparison of the costs and benefits of each
alternative has been performed.
Community Resources. No action and all of the on-site decommissioning alternatives would
permanently remove the SLDA site from availability for other uses. Institutional controls of the site
would be implemented in perpetuity for SIP and SOS. The site would have no economic value to the
community. The continued presence of the SLDA is unlikely to affect development of adjacent
commercial properties, but it could discourage future residential development adjacent to the site because
of perceived risks. DOS is the only alternative that would result in release of the site for unrestricted use.
No significant impacts would be expected to the housing market, public services, or infrastructure
from construction or operation due to any of the alternatives. Additionally, because the site has been
previously heavily disturbed and no archaeological or historic resources have been identified on-site, no
impacts would be expected to such resources.
Some minority groups exist in proximity to the SLDA, and the population living below the poverty
threshold in the area is slightly above the average for the region, but not for other rural areas in the
United States. No increased impacts to children were identified. The available information does not
indicate the need for mitigation of any Environmental Justice concern.
Geology and Soils. Under no action, the coal mine beneath the SLDA site would likely subside
within the next 1000 years. However, the on-site and in-situ alternatives include grouting of the coal
mine to preclude subsidence of the mine or collapse due to seismic activity. Grouting the voids beneath
the trenches would stabilize both natural and man-made barriers over and around the trenches.
Soils adjacent to the waste trenches have high retardation capacity for the movement of
contaminants. During the nearly thirty years since closure of the SLDA, uranium has not migrated
appreciably from the trenches. Some surface soils in the vicinity of Trench 10 have been sampled and
"Am and Pu which in some cases exceed NRC's criteria
determined to be contaminated with levels of 24
for unrestricted use. Licensee records indicate that the contamination resulted from the past storage of
equipment on the surface. The licensee has committed to cleaning up the surface contamination to levels
below the unrestricted use criteria under any alternative. Therefore, Am and Pu were not included in the
impact analyses for the alternatives.
Hydrology. The site is extremely complex hydrologically with groundwater flow occurring in nine
hydrostrategraphic units including the coal mine workings beneath the site. The SIP alternative would
create partially saturated conditions within the trenches. However, none of the alternatives would change
the basic hydrology of the area. Uranium is extremely immobile in the soils at the SLDA. A modeling
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effort by the staff (Appendix E) indicated that under present conditions, no wells sited within the SLDA
outside the trenches are expected to receive any uranium within 1000 years. Dry Run, the only surface
water body on the site, could receive seeping groundwater with up to 40 pCi/L (1.5 Bq/L) uranium (but
only in absence of the uranium retardation capability of the soil). This would be diluted by a factor of
1000 or more by run-off from Dry Run during winter. The groundwater seeps are generally dry during
the summer.
Air Quality and Noise. Virtually all air quality and noise impacts for any of the alternatives would
occur during the construction phase of the project. With implementation of appropriate mitigation
measures during construction, noteable air quality or noise impacts would not be expected.
Human Health. Because uranium is so immobile in the soils of the SLDA, the staff do not find the
groundwater pathway (i.e., migration of uranium from the trenches and through the soil to the first
aquifer beneath the trenches) to be credible at this site. The principle hazard (inadvertent intrusion into
the waste) would occur if institutional control of the site were terminated and knowledge of the site's
history and potential hazard were lost. An inadvertent intruder might then receive radiation doses by
exposure to materials in the trenches. Under current conditions, the dose to a potential intruder who
would build a house and grow a substantial portion of food on site would be about 42 mrem/year. At
1000 years, under either no action or SIP the dose would increase to approximately 55 mrem/year due to
ingrowth of progeny. These are well below the public exposure limit of 100 mrem/year. The SOS
alternative would increase the potential dose at 1000 years because the radioactive components of the
waste would be concentrated in a smaller volume and would be closer to the surface. For both DOS and
SOS, the potential dose to workers during exhumation, treatment and movement of the wastes would be
less than 100 mrem/year compared to a worker exposure limit of 5000 mrem/year.
Ecology. No noteable impacts to terrestrial or aquatic ecological resources would be expected to
result from any of the alternatives. The maximum concentration levels to which they could be exposed at
the seeps, 40 pCi/l (1.5 Bq/L), would be far below the radiotoxic levels for organisms residing in or
heavily utilizing the seep water. The site was previously heavily disturbed and the area of the trenches is
maintained by regular mowing. No impacts to federally listed threatened or endangered species would be
expected to occur because none are known to frequent the site.
Costs and Benefits. The SIP alternative would incur lower costs than DOS or SOS. With estimated
costs ranging from $25M to $66M, the DOS alternative may have the highest costs, but by removal of the
wastes from the site, could also have the potential for greater benefits. The final DOS cost would be
contingent on a number of variables including disposal site costs which could vary between $15 and $60
per ft3" and the actual volume of waste disposed.
CONCLUSION
The analyses indicate that the radioactive and chemical contaminants at the SLDA, in their current
condition (i.e., no action alternative) would leach extremely slowly from the trenches and would be
heavily diluted to near background levels both by groundwater and by surface water at seeps along Dry
Run and at the coal mine outfall into Carnahan Run. The analyses also indicate that for any of the
alternatives (no action, SIP, MSIP, SOS, or DOS), off-site impacts would be low and no off-site dose is
expected. The SOS alternative would offer no advantages over DOS and SIP, but would have some
disadvantages. The principal health concern related to the on-site alternatives (no action, SIP, MSIP, and
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SOS) would be the effects of possible future human intrusion directly into the waste. Direct intrusion into
the waste could be prevented by continuing institutional controls on the site in perpetuity.
Based on this analysis, the staff has preliminarily concluded that the MSIP alternative would be
protective of public health and safety and the environment. Under this approach, institutional controls would (1) prevent people from intruding into the trenches or living on the site; (2) provide for a
maintenance program to maintain the soil cap in its present condition and to prevent any erosion of the
cap caused by runoff or headward erosion of Dry Run; and (3) provide for a monitoring program to
continue monitoring the wells on-site to ensure off-site doses continue to be negligible. In addition, this
approach would include backfill of the mine to prevent subsidence and possible disturbance or cracking
of the existing soil cap. The proposed engineered barriers and cap (for the proposed SIP alternative)
would not be implemented because they would not increase protection of the public.
The MSIP alternative would have the same impacts as the SIP alternative on community resources
because the site would be a restricted area, and not available to the community for development. There
would be short-term impacts to geology and soils from the construction vehicles used in mine
stabilization; however, there would not be future impacts from mine collapse. Impacts of the MSIP
alternative to hydrology would be the same as those for the no action alternative because the hydraulic
barriers would not be used; therefore, the current hydrology would remain unchanged. The air quality
and noise impacts of the MSIP alternative would be similar but not as large as those for the SIP
alternative in that there will be some construction on-site for the mine stabilization and erosion controls
around Dry Run. However, the air quality and noise impacts would be less because the cap, slurry wall,
and grout curtain would not be built and construction times would be much shorter than for SIP. Human
health impacts of the MSIP alternative would be similar to those for SIP. The costs for MSIP would be
about 31% of the cost for SIP but slightly greater (approximately $7M) than no action because of costs
associated with mine stabilization and institutional controls.
Therefore, after weighing the impacts, costs, and benefits of the proposed action and other
alternatives, the staff concludes that implementation of the MSIP alternative, including long-term
institutional controls and grouting of the coal mine adequately protects the public and the environment
and has the lowest costs.
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1. INTRODUCTION
1.1 PURPOSE AND NEED FOR THE PROPOSED ACTION
Under the Atomic Energy Act of 1954, the Nuclear Regulatory Commission (NRC) has the
statutory responsibility for protection of public health and safety and the environment related to the
use of source, byproduct, and special nuclear material. One portion of this responsibility is to ensure
safe and timely decommissioning of nuclear facilities which are licensed by the NRC.
Decommissioning, as defined in 10 CFR Part 70.4, means the safe removal of nuclear facilities from
service and the reduction of residual radioactivity to a level that permits release of the property for
unrestricted use and termination of the license.
The criteria for allowing release of sites for unrestricted use are listed in NRC's Action Plan to
Ensure Timely Cleanup of Site DecommissioningManagement Plan (SDMP) sites (57 FR 13389;
April 16, 1992). These criteria require that radioactivity in buildings, equipment, soil, groundwater,
and surface water resulting from the licensed operation be reduced to acceptably low levels.
Licensees must then demonstrate by a site radiological survey that: (1) residual contamination in all
facilities and environmental media has been properly reduced or eliminated; and (2) except for any
residual radiological contamination found to be acceptable by NRC to remain at the site, radioactive
material has been transferred to authorized recipients. Confirmatory surveys are conducted by NRC,
where appropriate, to verify that sites meet NRC radiological criteria for decommissioning.
Alternatively, NRC can approve on-site stabilization of the radioactive material if land-use
restrictions or other institutional controls are used to ensure long-term protection of the public and
the environment. An exemption would need to be granted from NRC's current decommissioning
requirements for any such restricted release of the site.
Prior to 1970, the Shallow Land Disposal Area (SLDA) at Parks Township, Armstrong County,
Pennsylvania, was used for the disposal of hazardous and low level wastes from the fuel fabrication
facility in nearby Apollo, Pennsylvania. The licensee, Babcock & Wilcox (B&W), has proposed that
the SLDA be decommissioned by stabilization of the waste trenches in place. Since the proposed
action would allow radioactive material to remain on-site and the quantities of materials in some
areas exceed existing radiological criteria for decommissioning, approval of the licensee's proposal
by NRC, requires preparation of an environmental impact statement (EIS) in accordance with the
National Environmental Policy Act (NEPA) and the NRC's implementing requirements in 10 CFR
Part 51. Other remediation alternatives evaluated in this DEIS involve exhumation of the wastes and
subsequent stabilization on-site (SOS), exhumation of the wastes and removal to approved disposal
off-site (DOS) facilities, and no action.
The SLDA is owned by B&W and maintained under an active NRC license (No. SNM-2001;
Docket No. 70-3085). The site is listed in the NRC's Site Decommissioning Management Plan
(SDMP) because it warrants special NRC oversight to ensure safe and timely decommissioning.
The SLDA requires decommissioning because it contains radioactive waste with activities
higher than unrestricted release limits. The Apollo Nuclear Fuel.Fabrication Facility, the source of
the wastes buried in the SLDA, ceased disposal operations at the site in 1970. Based on available
records, the wastes in the SLDA trenches consist of wastes, scrap, and trash. The SLDA comprises
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ten waste burial trenches containing low-level radioactive and hazardous materials. Trenches 1-9
contain low levels of natural, enriched, and depleted uranium, as well as smaller quantities of
thorium. Americium and plutonium contamination is associated with Trench 10.

1.2 BACKGROUND
The Parks SLDA is located in Armstrong County, Pennsylvania. The site is approximately
37 km (23 miles) east-northeast of Pittsburgh (Figure 1.1), on a hillside near the Kiskiminetas River
(Figure 1.2). Figure 1.3 shows the location of Armstrong County in relation to other counties in
western Pennsylvania. The northwestern portion of the SLDA site is about 250 m (830 ft) above
mean sea level (MSL), and the site rises toward the southeast to about 284 m (945 ft) above MSL.
The SLDA consists of ten waste disposal trenches comprising a total area of approximately 0.5 ha
(1.2 acres), surrounded by a 16-ha (40-acre) fenced buffer area (Figure 1.4). The SLDA lies within a
45.5-ha (114-acre) area owned by B&W. The 16-ha (40-acre) fenced SLDA site under studyconsists
principally of an open field, with a wooded strip running along most of the northern boundary. On
the north side of the site, a small intermittent stream called Dry Run collects surface runoff from the
site and from several groundwater seeps along the hillside. Dry Run flow infiltrates through coal
mine spoils at the lower elevations and into the underlying coal mine, except during heavy
precipitation events when runoff flows into the Kiskiminetas River.
The SLDA was formerly owned by Nuclear Materials and Equipment Corporation (NUMEC),
which also operated the Apollo Nuclear Fuel Fabrication Facility. In the 1960s and 1970s, the SLDA
was used by NUMEC to dispose of radioactively contaminated (primarily with uranium and thorium)
and non-radioactive wastes in accordance with the regulations found in the now rescinded
10 CFR 20.304. In 1967, the Atlantic Richfield Company (ARCO) purchased stock in NUMEC.
ARCO then sold the stock to B&W in 1971.
Prior to the time of waste disposal, a coal seam was strip-mined where it outcropped in the
western part of the site and deep-mined beneath the higher ground in the eastern part of the site.
Trench 10 was developed in the fill material left from the strip mining. The other nine trenches are
on the higher ground above the deep mine (Figure 1.5).
Land use in the vicinity of the site is a mix of agriculture and light industry. There are scattered
existing and newly developing residential areas, and some idle farm and timber land in the immediate
area. On the southwest boundary of the site is a roadway that provides local access to the community
of Kiskimere. On the northwest is a nuclear facility owned and operated by B&W, and beyond that is
State Highway 66. B&W is currently decommissioning this facility to meet unrestricted use criteria
as a separate action from decommissioning the SLDA. Vacant land owned by B&W bounds the
fenced site on the northeast, and two wooded privately owned parcels adjoin the site on the
southeast.
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ORNL-DWG 96M-5662AR

Figure 1.1. Parks Township regional map. (Source: ARCO and Babcock & Wilcox 1994b.)
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Figure 1.2. Parks Shallow Land Disposal Area site location map. (Source: ARCO and
Babcock & Wilcox 1994b.)
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1.3 DESCRIPTION OF THE PROPOSED ACTION
The B&W proposed action is stabilization in place (SIP) of the radioactive and chemical
contaminated wastes contained in the trenches at the Parks SLDA. The stabilization would be
accomplished by installing an engineered coversystem and a system of hydrologic barriers and
controls surrounding the trench areas to provide groundwater protection. The coal mine underlying
the SLDA would be stabilized by injecting grout into the voids under the trenches to prevent
subsidence. Institutional controls would be required in perpetuity to prevent inadvertent intrusion
into the waste.

1.4 SCOPE OF THE EIS
Under NEPA, all federal agencies must consider the effects of their actions on the environment.
Section 102(1) of NEPA requires that the policies, regulations, and public laws of the United States
be interpreted and administered in accordance with the policies set forth in the Act. It is the intent of
NEPA to have federal agencies incorporate consideration of environmental issues into their decisionmaking processes. NRC regulations implementing NEPA are contained in 10 CFR Part 51. To fulfill
NRC's responsibilities under NEPA, the NRC has prepared this DEIS to analyze the environmental
impacts of the proposed action, as well as the environmental impacts of alternatives to the proposed
action, and the costs associated with both the proposed action and the alternatives. All reasonable
alternatives to the proposed action are identified during scoping. The scope of the DEIS includes
consideration of both radiological and nonradiological (including chemical) impacts associated with
the alternative actions. The issues addressed in this DEIS include:
*
land-use implications of stabilizing the wastes on the site and of removing them from the site;
*
social, economic, and cultural resources impacts, including impacts to archaeological and
historic resources, as well as environmental justice considerations;
*
geological stability of the waste trenches and potential for groundwater and surface water
contamination;
•
air quality impacts of site remediation;
*
impacts to water quality, including groundwater, surface water, and wetlands;
*
human health impacts, including both workers and the public in both the near and long terms up
to 1000 years in the future; and
*
impacts on biological resources, particularly those associated with the wetlands on and near the
site.
The DEIS addresses cumulative impacts to each of the above resources. In addition, the DEIS
identifies monitoring and potential mitigation measures, unavoidable adverse environmental impacts,
and irreversible and irretrievable commitments of resources.

NUREG- 1613

1-8

I
I
I
I
I
I
I
I
I
I
I

INTODUCIO

1.5 SCOPING PROCESS
On December 29, 1994, the NRC published in the FederalRegister (59 FR 67344) a Notice of
Intent (NOI) to prepare an EIS to assist NRC in decision making concerning the ultimate disposition
of the wastes in the Parks SLDA and to conduct scoping for the EIS. The scoping process for the EIS
was conducted in accordance with 10 CFR Part 51, which contains the NRC requirements for
implementing the NEPA regulations.
Prior to the scoping meeting, the NRC held two round-table information meetings, on
November 10, 1994, and January 12, 1995. The purpose of these meetings was to share, with
representative stakeholders and the public, information concerning the status of current actions at the
SLDA, projected schedules and plans for the remediation of the site, and the responsibilities of the
NRC and other regulatory agencies in the remediation. These meetings included representatives from
the NRC, B&W, ARCO, Pennsylvania Department of Environmental Protection (PADEP), local
officials, and citizen groups.
The first round-table meeting was an introduction to the round-table process, participants in the
process, and individual concerns and responsibilities. Each participant presented his or her
background and reasons for participating in this process. The second round-table meeting was held to
allow participants to become familiar with the NRC's EIS process. Presentations were given
concerning the scope of an EIS, the process for developing an EIS, and the public's role in the EIS
and particularly the scoping process. In addition, a brief presentation was made regarding basic
principles of radiation and radiation protection. A pamphlet entitled "Radiation Protection and
Decommissioning Criteria" was handed out at the meeting.
A public scoping meeting was held at the Leechburg Area High School in Leechburg,
Pennsylvania on January 26, 1995. About 40 individuals and representatives of local groups and
agencies attended the meeting, and 11 presented oral comments. The NRC also invited the public and
interested agencies, organizations, and individuals to submit written suggestions and comments no
later than February 27, 1995, for consideration in the scoping process. Seven written responses were
received by NRC.
All comments and suggestions received during the scoping meeting, as well as those submitted
to the NRC in writing, were considered in preparing this DEIS. The scoping meeting was transcribed
by a court reporter. The transcript and all written and oral comments and material received were
reviewed, and individual comments were identified. Comments were then consolidated and
categorized by topic areas. A report that identified the significant issues, presented the comments and
suggestions received, provided responses to the comments, and summarized the conclusions reached
during the scoping process was completed by NRC on May 31, 1995.
Members of the EIS preparation team visited the site on January 25-26, 1995, and attended the
scoping meeting to gain firsthand knowledge of the site and the issues associated with
decommissioning.

1.6 PARTICIPATING AGENCIES
In addition to falling under NRC's jurisdiction, human health and environmental issues
associated with decommissioning the Parks SLDA are also pertinent to the responsibilities of PADEP
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and the U.S. Environmental Protection Agency (EPA). Because of PADEP's direct interest in and
responsibilities for protecting the environment and public health in Pennsylvania, the organization
was offered and accepted the opportunity to be a cooperating agency in the development of this
DEIS. Information gathered by NRC and PADEP has been shared between agencies. The cooperative
effort has involved joint participation in site visits, meetings, conference calls, and review of
documents. Because of interest and possible involvement in long-term institutional controls at this
site per section 15 1(b) of the Nuclear Waste Policy Act, the U.S. Department of Energy (DOE) is
also participating as a cooperating agency.
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2. ALTERNATIVES INCLUDING THE PROPOSED ACTION
The alternatives considered for decommissioning the SLDA include no action, SIP with coal
mine grouting (the licensee's proposed action), MSIP, DOS, and SOS. Each of these alternatives is
defined and described in this section except the MSIP alternative which is described in Section 6.
Less desirable alternatives are mentioned briefly at the end of this section.

2.1 NO ACTION
Under the no action alternative, wastes in the SLDA would be retained in their present
configuration within the ten trenches (Figure 1.4) without any additional processing, stabilization, or
controls. The trench contents, consisting of both radioactive and hazardous wastes, are described in
Section 3.5. Natural processes would continue to affect the decay, dispersal, and dilution of the
trench contents. There would be no monitoring, maintenance, or institutional control of the site. The
no action alternative is analyzed to provide a baseline for comparison with the other alternatives.

2.2 STABILIZATION IN PLACE WITH COAL MINE GROUTING (LICENSEE'S
PROPOSED ACTION)
The proposed SIP remediation approach includes grouting of the underlying coal mine to
prevent subsidence (Section 2.2.6). The SIP technology would entail a system of engineered control
measures including swales (surface water diversion channels), a cover, slurry walls, grout curtain,
hydraulic control borings, monitoring, and maintenance. These system components would work
together to provide geomorphic stability, limit migration of constituents, and mitigate pathways
leading to potential human exposure. The engineered barriers would limit vertical or lateral seepage
of water into the trenches, as well as lateral seepage of leachate out of the trenches. Seepage of
leachate would be directed vertically into the underlying soils and bedrock. As a result, wastes in the
trenches would be maintained under drier conditions than at present (ARCO and B&W 1994c).
The following sections provide a detailed description of each of the components of the
technology for SIP. In concert with the engineered barriers, geochemical attenuation is considered as
part of the control system. An evaluation of the engineered barriers is presented in Appendix A.
2.2.1 Swales
A swale would be constructed around Trenches 1 through 9, and another would be constructed
uphill from Trench 10 (Figure 2.1). The swales would divert runoff from precipitation around and
away from the cover. The swale upgradient of the upper trenches would also lower the groundwater
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Figure 2.1. Stabilization in place remedial works. (Source: ARCO and Babcock & Wilcox
1994b.)
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table in the general area near the trenches. The swales would be lined with vegetation and rock to
control erosion from surface flows and to establish a viable community of plants and animals that
would be similar to that along Dry Run.
2.2.2 Cover
A 1.7-m (5.5-ft) thick multicomponent cover would be constructed over the waste and 1.2 m
(4 ft) of soil which currently covers it (see detail in Figure 2.2). Starting at the surface and moving
downward, the cover would include the following components.
•

*
"

•

*

On the surface, vegetation would be established to enhance the aesthetics of the remediated site
and to contribute to both the erosion resistance and the evapotranspiration performance of the
cover. An upper soil and gravel layer would sustain the vegetation and would enhance the
erosional resistance of the cover. Below the gravel, a mixed soil zone would function both as a
freeze-thaw protection layer for the underlying cover components and as a root zone for
vegetation support and evapotranspiration enhancement. This uppermost layer would be 0.75 m
(2.5 ft) thick.
Next a 150-mm (6-in.) thick filter sand layer would inhibit movement of soil particles in water
seeping downward from the overlying mixed soil layer.
A 0.3-m (1-ft) thick biointrusion layer of cobbles and boulders would deter and control
downward root migration and intrusion by burrowing animals. The layer may also provide
warning to the inadvertent human intruder that unusual conditions exist, thus aiding in deterring
inadvertent cover penetration.
A 150-mm (6-in.) thick drain sand layer below the cobble layer should shed water laterally
within the cover, thus reducing infiltration to the waste. In addition, the drain sand would act as
a bedding layer to protect the underlying geomembrane from penetration or damage by the
overlying cobbles and boulders. The sand would have a hydraulic conductivity of 10' cm/sec.
An infiltration barrier would be approximately 0.46 m (18 in.) in thickness and would consist of
three distinct components:
a geomembrane (with a thickness of 60 to 80 mil);
a geomat of bentonite [a relatively thin layer of 10 to 25 mm (0.4 to 1 in.) of bentonite
between two geotextiles; the hydraulic conductivity would be about 10-9 cm/sec]; and
a layer of selected and compacted silt and clay [about 0.45 m (18 in.)] with a hydraulic
conductivity of 10-7 cm/s that would function as an infiltration and radon barrier.
The geomembrane would be intended to slow the diffusion of moisture through the cover. As
the geomembrane degrades, the bentonite layer is intended to take over as the lowest
permeability element in the cover. Initially it would serve to seal any construction holes in the
geomembrane; with time the low hydraulic conductivity is expected to limit water flux through
the cover to between 10-9 and 10' cm/sec. The silt and clay component of the infiltration barrier
is also intended to serve in the long term (about 1000 year) as a radon barrier to control and
limit the release of radon gas to the environment. Currently the wastes do not generate
appreciable quantities of radon; however, in the long term, they may do so as radioactive decay
products ingrow to appreciable levels.
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Compacted fill and in situ soil over the waste would form a base for the cover and support
grading to promote surface runoff.
No provision is made in the cover for gas collection and venting. Gases, such as methane, that
might be generated by the wastes in the long term would either migrate very slowly through the more
permeable soils of the cover, or would move under pressure gradients downward into the more
porous rock beneath the trenches. The objective for long-term (1000-year) control of radon emissions
by the cover would make a gas collection and venting system undesirable for the proposed system.
The substantial thickness of the cover would balance gas pressures that may build up in the waste
and is expected to prevent the cover from shifting and/or cracking as a result of gas pressure.
2.2.3 Slurry Wall
The slurry wall would consist of a zone of low-permeability soil, either reconstituted site soils
or site soils mixed with bentonite to form a material with a hydraulic conductivity between 10-6 to
10-7 cm/sec. The slurry wall would be installed around the trenches and beneath the cover as shown
in Figures 2.2 and 2.3. The typical thickness of slurry walls is approximately 0.9 m (3 ft). The
intended functions of the slurry wall would be to control and limit seepage laterally from the adjacent
soil strata into the trenches and the wastes, and to control lateral seepage of leachate from the
trenches to Dry Run and other points of surface exposure. It would direct trench seepage vertically
through the soils and into the bedrock where geochemical attenuation (adsorption by rock and soil)
would occur.
The slurry wall would tie into the cover infiltration barrier, extend through the soils around the
trenches, and penetrate the upper part of the bedrock. The slurry wall would, at its base, tie into the
grout curtain (see Section 2.2.4).
2.2.4 Grout Curtain
A grout curtain would be installed immediately below the slurry wall as shown in Figures 2.2
and 2.4. It would involve cement or chemical grout pumped into bedrock voids through a single line
of boreholes. The grout curtain would extend through the upper, shallow, weathered bedrock zone to
an average depth of 50 ft. The grout content would be chosen both to resist impact from leachate and
to hydrologically limit the lateral seepage of leachate.
The grout curtain would hydrologically control lateral -seepage of leachate in the first shallow
bedrock zone, and maximize vertical flow to the second shallow bedrock zone and the underlying
mine workings. Because Tench 10 was constructed in the coal mine spoils at the outcrop of the mine,
a grout curtain would not be required. Construction details of the grout curtain would be addressed in
the plans and specifications to be submitted as part of the decommissioning plan, and would include
estimates of how long the grout curtain would be considered to be effective.
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2.2.5 Hydraulic Control Borings
A series of hydraulic control borings (HCBs) would be installed on the opposite side of the
grout curtain from the waste trenches. The conceptual layout of the HCBs is shown in Figure 2.5.
The first borings would be spaced at 5 m (16.5 ft) and would be filled with a chemical alternative
material such as Dyer Gabbro that can absorb uranium and other migrating contaminants. By
providing a vertical conduit for groundwater, the HCBs would establish partially saturated conditions
in the bedrock beneath the trenches. Because Tench 10 was constructed in the coal mine spoils at the
outcrop of the mine (Fig. 1.5 and 2.2), hydraulic control borings will not be required. In the long
term, the decreased groundwater content in the vicinity of the trenches would reduce the potential for
groundwater use by an inadvertent intruder. Once steady-state conditions are established, a series of
final borings may be installed; they would be filled with sand and gravel to ensure long-term stability
and operation.
2.2.6 Coal Mine Grouting
The coal mine workings beneath the SLDA trenches would be grouted to avoid damage to the
engineered barriers that might be caused by subsidence. Filling the mine workings would involve
installing a series of 150-mm (6-in.)-wide holes from the surface to intercept the voids of the mine
workings. Over the area to be grouted, an 8-m (26.5-ft) grid would be used. A grout mix of portland
cement, fly ash, and water with a 28-day unconfined compressive strength of 3.4 MPa (500 psi)
would be injected into the mine workings.
The extent of the mine workings to be backfilled would include the area beneath and adjacent to
the trenches to be protected. Figure 2.6 shows the technical approach to defining the area of the mine
workings that must be backfilled to protect a specific structure. For the SIP option, the area to be
protected from subsidence would include the SLDA trenches, the grout curtain, and the cover.
Approximately 9100 to 9900 m 3 (12,000 to 13,000 yd 3) of grout are expected to be used. However,
this estimate could change as detailed plans are developed.
2.2.7 Site Restoration
Once the swales are constructed and the cover is in place, the site would be restored and
landscaped. This would involve final grading, revegetation, completion of maintenance access roads,
and the installation of monitoring facilities.
2.2.8 Protection of Occupational and Public Health and Safety

I
I
I
I
I
I
I
I
I
I
I
I
I
I

2.2.8.1 Occupational Health and Safety
A complete Project Health and Safety Plan would be developed during detailed design in
compliance with NRC regulations. It would be used during all phases of construction. All contractors
would be required to have and implement their own health and safety plans that would meet or
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exceed the requirements in the Project Health and Safety Plan. All workers would receive
appropriate health and safety training before being allowed to work on the site. Training would
include necessary and appropriate radiological training. Workers who would perform hazardous
waste operations or emergency response actions would be trained. Potential human health impacts
associated with the SIP option are discussed in Section 4.2.5.
Engineering controls would be the primary approach to protect site workers; the environment,
and the public. Controls would include selecting appropriate equipment; providing temporary
enclosures; and implementing proper work procedures, including dust suppression, localized
ventilation, erosion control, and runoff control.
Where engineering controls are impractical or ineffective, personal protective equipment would
be required. Minimum requirements set by NRC, PADEP, the Occupational Safety and Health
Administration (OSHA), and EPA would be followed; upgrades would be required depending on the
material to be handled, applicable work procedures, available engineering controls, work methods
and conditions, material compatibilities, and exposure and monitoring data.
2.2.8.2 Public Access Control
Restricting access during construction and remediation action would prevent intentional or
inadvertent human and animal intrusion. Access control facilities would include fences, access
control gates and buildings, and warning signs.
A fence would be constructed around the remediation work area. The fence would be effective
for the period of construction and performance monitoring. New ingress and egress control facilities
would be constructed to provide rapid and cost-effective control of people, materials, and equipment
entering and leaving the area. Personnel and equipment monitoring instruments would be installed.
Trained staff would operate these facilities (see Section 4.2.8.3).
2.2.9 Surveillance and Maintenance
Long-term maintenance and monitoring as generally outlined in this section would be required
to ensure proper functioning of the control measures installed for both the SIP and SOS alternatives.
Under the on-site options, the monitoring and maintenance period during which the licensee is
responsible is proposed for thirty years. At that time, the site would be transferred to a more
permanent entity, such as the federal or state government for indefinite control. To account for
uncertainties associated with long-term maintenance and monitoring, an upper bound cost of $1.5
million is estimated (see Section 5.1.5).
The detailed plan for long-term institutional controls has not yet been developed and is not
included as part of this assessment. However, institutional controls including site access restrictions,
maintenance, monitoring (visual inspection, radiation surveys, and groundwater and surface water
sampling), and deed restrictions would be implemented (see Section 4.2.8.3). Maintenance would
include mowing vegetation and repairing any cracks that might appear in the cap.
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2.2.9.1 The Surveillance and Maintenance Plan
Surveillance and maintenance would be undertaken at regular intervals after the remediation
action and construction are completed. A Monitoring and Maintenance Plan would be developed and
implemented. For the period of transient conditions, which is anticipated to extend for the first
5 years of the surveillance and maintenance period, an intensive program of performance monitoring
would be implemented. At the completion of the transient phase and the performance demonstration
period, post-closure monitoring and maintenance would be undertaken to verify performance of the
engineered features.
2.2.9.2 Monitoring Instruments
The remediation system would be monitored during the period of transient drainage (i.e.,
removal of water from the trenches). Features to be monitored include waste settling, waste moisture
content, adjacent soil and bedrock moisture content, and constituent migration. Instruments to
monitor the initial remediation action would include settlement sensors to monitor the settling of the
wastes in the trenches, and piezometers in the bedrock strata. These would monitor the drop of the
water table in the rock and the establishment of partially saturated conditions in the strata.
Monitoring instruments would be installed at strategic points during construction to monitor the
performance of the remediation action.
2.2.9.3 Remediation Works Performance Monitoring: Transient Conditions
The performance of the remediation works components would be monitored and compared with
anticipated performance. If one or more unfavorable deviations from anticipated conditions were
detected, then preestablished contingency actions would be implemented. The following contingency
actions may be implemented if observed conditions differ from those reasonably anticipated.
Augment grout curtain and slurry wall. If performance monitoring should demonstrate that
constituents are migrating beyond either of these hydraulic containment features, the design would be
reviewed for possible improvements, such as thickening or extending the depth of the grout curtain or
slurry wall.
Install additional hydraulic control borings. Additional vertical HCBs may be required to
dewater the bedrock beneath and adjacent to the trenches. Piezometric data from piezometers and
nested monitor wells would be used to identify the flow-path capture zone around Trenches I to 9
and the extent of dewatering.
2.2.9.4 Surveillance and Maintenance: Steady State Conditions
When all the site stabilization and waste encapsulation remediation works are constructed and
steady state conditions exist, surveillance and maintenance would be undertaken. The details of postclosure surveillance and maintenance would be established after the completion of the transient
performance monitoring and demonstration period.
Surveillance and maintenance would include the following:
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Geomorphic observations: any significant topographic changes (e.g., differential settlement) in
the area surrounding the cell
Material behavior: measurable degradation of construction materials (e.g., cracking of the cover)
Groundwater levels and quality
Prevention of plant, animal, and human intrusion
Access control facilities

2.2.10 Project Cost
The SIP alternative is expected to require about 32 months (ARCO and B&W 1994a) and incur
a total projected cost of about $21.5 million. See Chapter 5 for more details and a comparison of the
costs of the alternatives.

2.3 DISPOSAL OFF-SITE ALTERNATIVE
This alternative would involve excavating all wastes, treating the waste as necessary to meet
Envirocare acceptance criteria (Utah Department of Environmental Quality 1995), and then shipping
the waste to the off-site facility licensed for disposal. No wastes would remain in the trenches at the
site after remediation. Contaminated soil and rock that are below NRC and EPA cleanup limits may
remain on-site (ARCO and B&W 1994d).
2.3.1 Waste Excavation
Wastes would be excavated from the trenches, the trenches backfilled, and the area regraded.
The excavation would be conducted in accordance with NRC criteria and would include removal of
all waste and excavation of all soil adjacent to the trenches with a uranium content which exceeds
30 pCi/g, or a thorium content which exceeds 10 pCi/g. The amount of radiological contamination
remaining in the bedrock is expected to be insignificant, less than 1.0 percent of the radioactivity in
the trenches (ARCO and B&W 1994d).
Waste would be removed from Trenches 2 and 3 through the use of a backhoe. The approach
would involve the following: removing 500 mm (1.5 ft) of soil adjacent to the waste; keeping the
sides of the trench as close to the existing inclination as possible; preventing entry of personnel or
equipment into the trench if it is narrow enough to excavate from the banks with a backhoe; and
operating the backhoe from the crest of the excavation to remove material adjacent to the sideslopes.
All soil excavation would be done from the bank; trench sides would not be shored. Once the soil
was determined to be clean, backfilling would proceed. Because of the steep sideslopes of the
excavation, compaction equipment would not initially enter the narrow trenches or approach the
excavation sideslopes of wide trenches; instead, soil would be dumped into the trench and tamped
into position adjacent to the sideslopes.
This excavation procedure would not be practical for Trenches 1 and 4 to 10 because of the
considerable number of large, discrete metal objects in Trench 10 and drums in the other trenches
would preclude bulk excavation with a backhoe. The basic approach would be as follows: rimp down
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into the trench in clean soil adjacent to the trench, and sequentially remove individual waste items
and objects with a backhoe (with both bucket and grappling hook), a front end loader, and a crane.
Bulk type waste (soil and sludge) would be placed and transported in small individual containers.
Practical considerations such as slope stability and control of seepage into the pit would dictate
that the pit be backfilled as soon as possible after waste removal. Sampling and analysis would be
performed to confirm that cleanup was satisfactorily completed so that backfilling could proceed.

2.3.2 Waste Treatment
Once excavated, the wastes would be brought to a central on-site sorting structure where they
would be separated into four waste categories; non-hazardous/non-radioactive, hazardous/nonradioactive, radioactive/non-hazardous, and mixed. They would then be separated by size to facilitate
subsequent treatment. Workers would wear suitable protective clothing. Air emissions would be
controlled by limiting the amount and area of exposed wastes, and by spraying foam as necessary to
capture dusts and vapors. If these measures did not provide the required protection, enclosures would
be used to capture and treat emissions in order to meet air quality standards.
Waste treatment would include a number of different processes selected to deal with the variety
of wastes and to meet the acceptance criteria of off-site facilities. Large metal items would be cut and
dismantled; clinging soil and sludge would be washed off. Plastic sheets, drums, bottles, and other
fibrous waste would be placed in 55-gal drums and super-compacted.
Soils and sludges with organic contamination above disposal facility acceptance criteria would
be thermally treated on-site to vaporize the contaminants. The waste with organics would be heated
to approximately 175°C in an enclosed, indirectly heated vessel, such as a screw dryer. The vessel
would be jacketed and agitated for heat transfer. Either hot oil or steam could be used to heat the
waste. The desorbed soil vapor, which would be mostly a steam/air mixture, would be filtered to
capture particulates. The filtered vapors would be condensed and held for treatment and disposal.
The condenser would be vented to secondary emission controls, such as an activated carbon or
zeolite adsorber.
Testing would establish and document that the waste characteristics met the acceptance criteria
of the off-site facility to which it would be shipped. Handling the wastes for separating, segregating,
sorting, and testing would bring construction workers into contact with the waste. Health and safety
procedures would be applied to control exposures.

2.3.3 Waste Transport and Disposal
The treated radiological waste would be disposed of at a licensed disposal facility. Waste would
be packed in containers and transported by truck to a transfer point, where it would be loaded onto
railcars for transport to a disposal facility, Envirocare of Utah or Barnwell in South Carolina. At the
time that the licensee was surveying the permanent disposal facilities, Barnwell had implemented an
out-of-state surcharge in excess of $200 (ARCO and B&W 1994a), and it was also scheduled to close
to all waste on January 1, 1996. For these reasons it was not considered further for disposal of the
Parks SLDA waste. As of July 1997, Barnwell is still open and accepting out-of-state wastes except
from North Carolina. Even though the SLDA wastes would be acceptable for shipment to Barnwell,
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the cost would be much higher than for Envirocare. Envirocare is a privately owned facility. The
facility is currently operating and is receiving radioactive and mixed waste.
Small to medium quantities of waste would be placed in 210 L (55 gal) drums for transport to a
disposal facility. Bulk wastes would be placed in 18-MT (20-ton) intermodal shipping containers for
shipment off-site. The loaded containers would be moved by truck to a railhead at Ambridge,
Pennsylvania where the containers would be loaded onto rail cars for transport to the disposal
facility.
The route from the site to the potential railhead is along standard local and interstate roads
[60 km (36 miles)]. Figure 2.7 shows potential alternative transportation routes to the railhead. Truck
traffic would be limited to off-peak travel hours. The number of trucks per day would depend on the
project duration and the volume of waste shipped off-site. For a 2-year project, operating for
9 months a year, and with up to 700,000 ft3 shipped in 20-ton truck loads, average daily truck trips
would be five, or one per hour during the off-peak traffic period.
At the railhead the containers would be transferred to the rail cars. The route the trains would
follow would generally traverse Ohio, Indiana, Illinois, Iowa, Nebraska, Wyoming, and Utah. An
alternative route would take the waste through Ohio, Indiana, Illinois, Missouri, Kansas, and
Colorado to Utah.
The rail line goes directly into the Envirocare site. The containers would be unloaded, emptied,
and cleaned, and the waste placed into the appropriate disposal cell. The containers would then be
returned via rail to the trans-loading point at Ambridge, then taken by trucks to the Parks SLDA.
2.3.4 Project Cost
The licensee's estimated time for completion of DOS is about 25 months with a basic estimated
cost of about $65.7 million. Construction costs would account for about $60.7 million. The staff
believes that these estimates are based on very conservative assumptions. A modified set of
"reasonable" assumptions have been used to develop a lower estimate. See Chapter 5 for more details
and a comparison of the costs of the alternatives.

2.4 STABILIZATION ON-SITE ALTERNATIVE
This alternative would involve excavating all the wastes, treating them on-site, and then
interring them in a newly constructed on-site tumulus or disposal cell. Waste excavation would be
essentially the same as for DOS.
2.4.1 Waste Treatment
Waste treatment would include a number of different processes selected to deal with the variety
of wastes. Large metal items would be cut and dismantled; clinging soil and sludge would be washed
off. Metal pieces would be placed in a disposal cell and the voids filled with grout. Plastic sheets,
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Figure 2.7 Disposal off-site alternative transportation routes for trucks to the railhead.
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drums, bottles, and other fibrous waste not suitable for thermal treatment would be placed in 55-gal
drums and super-compacted. The crushed drums would be placed in the disposal cell and surrounded
with cement-stabilized waste.
Soils and sludges would be thermally treated on-site using methods similar to the DOS
alternative to vaporize organics. The thermally treated product would be mixed with cement and
water to form a soil-cement material that would be compacted into place in the disposal cell.
2.4.2 Waste Disposal Cell
The disposal cell would be built in compliance with NRC criteria. It would be located in an area
to the south of the trenches (Figure 2.8), and would consist of a series of concrete vaults. Liners and
drains would be constructed beneath the vaults (Figure 2.9). Once the vaults become filled, soil dikes
would be built around them and a multicomponent cover constructed over the vault.
The site would be restored to drain properly and to ensure the long-term geomorphic stability of
the area around the disposal cell. The dikes around the cell and the concrete of the vault would
enhance its geotechnical stability and inhibit human and animal intrusion. Once the vaults and cell
were complete, the cover would limit infiltration. There could, however, be some seepage from the
drains beneath the cell. This drainage would be collected and, if necessary, treated prior to discharge.
Such collection and treatment would continue until it could be demonstrated that the seepage to the
environment would not negatively impact human health and the environment.
2.4.3 Coal Mine Grouting
Mine stabilization by backfilling the void with cement grout would be included as a component
of this alternative. The method used would be the same as previously described for the B&W
preferred SIP alternative. The area grouted would include the disposal cell and associated perimeter
erosion control and surface water diversion structures (Figure 2.6).
2.4.4 Project Cost
The licensee's estimated time for completion of SOS is about 28 months with a basic projected
cost of about $49.6 million. Construction costs would account for about $39.8 million. See Chapter 5
for more details and a comparison of the costs of the alternatives.

2.5 OTHER ALTERNATIVES CONSIDERED
2.5.1 In Situ Alternatives
A number of alternative technologies for in situ remediation of the Parks SLDA were considered
by the licensee and determined to be less desirable than the proposed action or the other alternatives
addressed in the preceding sections. These less desirable technologies are briefly described in this
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section, and the concerns which resulted in their rejection for implementation at the SLDA are
presented.
2.5.1.1 Soil Vapor Extraction
The purpose of soil vapor extraction would be to reduce the amount of volatile chlorinated
organics in the trenches. Implementation of the technology would involve evaporating the volatile
organic compounds present in the waste matrix into a vacuum-induced air stream flowing through the
contaminated zone and out through vapor extraction wells drilled into the trenches. The extracted soil
gas could contain entrained leachate which would be separated from the gas. The soil gas would then
be treated to remove organics prior to atmospheric discharge. This technology has proved to be
effective for sites contaminated with volatile organic compounds (VOCs), including chlorinated
solvents.
Soil vapor extraction is most effective for water-insoluble VOCs in dry, permeable, and
homogenous soils. It does not affect radionuclide contamination, which is the principal concern at the
Parks SLDA. Thus, this technology alone would not be appropriate for in situ treatment; however, it
could be used to treat soils and sludges associated with the alternatives that require exhumation of
the wastes (see Sect. 2.5.2). Other concerns include the following:
*
"
*
*
*

Soil vapor extraction is not effective on dissolved inorganics.
A highly heterogenous waste matrix with highly variable permeability will result in air flow
bypassing the less permeable strata.
The potential presence of containerized solvent-bearing waste would reduce the effectiveness of
the treatment.
The technology is ineffective on relatively non-volatile organics.
The presence of leachate would inhibit the effectiveness of the treatment. Soil vapor extraction
must be applied in conjunction with leachate removal.

2.5.1.2 Leachate Removal
Leachate would be removed through wells drilled either horizontally or vertically into the
trenches, possibly through the same extraction wells that could subsequently be used for soil vapor
extraction. A vacuum would be applied by blower to induce the flow through drip tubes extending to
the bottom of each well. The leachate would then be directed into a collection header. The
technology was discounted as unjustified for VOC removal because of lack of impact (understood to
mean relatively low concentrations) and the uncertainties concerning its effectiveness in removing a
high percentage of the uranium. Moreover, it would not affect the potential long-term health effects.
Additional leaching of contaminants could occur in the future.
2.5.1.3 Electro-osmosis
Electro-osmosis uses electric currents to extract radionuclides, heavy metals, certain organic
compounds, or mixed inorganic species and some organic wastes from soils (Acar & Alshawabkeh
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1993). Electro-osmosis (or electrokinetic remediation) may be used either to purge constituents from
wastes or to consolidate wastes by expelling water. Electrodes are placed in the soil and a DC
electric current is applied to them. Contaminants are induced to migrate toward the anode or the
cathode, depending on their charge. The contaminants can then be extracted or treated in-situ. This
technology is particularly well-suited for "tight" clay soils, such as those at the SLDA site, in which
other extraction techniques do not work well. However, the technology has not been extensively
tested in mixed waste environments like those at the SLDA and is not considered further.
2.5.1.4 Bioremediation
In situ bioremediation would involve the use of microorganisms to metabolize contaminants to
nonhazardous materials such as carbon dioxide and water. Biological techniques are not effective for
radionuclides and have not been proved effective for halogenated solvents on a field scale. Because
of the unproven effectiveness of bioremediation for Parks SLDA contaminants, the process is not
considered further.
2.5.1.5 Shallow Soil Mixing
Shallow soil mixing would be performed by twin counter-rotating hollow augers..A steam/air
mixture or hot air would be injected through the augers to strip off VOCs, which would be collected
in a vacuum shroud enclosure above ground for subsequent treatment. It would also be possible to
inject grout or other slurried stabilizing agents through the hollow augers into the soil being mixed.
This technology has limited application at Parks SLDA because the presence of metallic objects may
impede auger access. Although the augers can cut through metal drums, they would be hampered by
other metallic materials. The principal deficiency is that the technology does not reduce radionuclide
content of the waste materials. Additionally, containers with concentrated organic liquids and
radionuclides could be broken and homogenized during shallow mixing. The radial dispersal of such
materials in the trenches could increase the leaching potential.
2.5.1.6 In Situ Grouting
In situ grouting would entail mixing a cement-based slurry on-site and pumping it into the voids
of the trenches to stabilize the wastes. Injecting stabilizing agents would immobilize the
radionuclides and reduce waste permeability. The volume of grout placed in the voids would be
based on the trench volume and the volume of soil and debris in the trenches. The grout, consisting
of portland cement and fly ash, would be injected directly into the waste using multiple hydraulically
driven injection tubes. Access to the trenches could be provided by excavating the existing cover and
identifying void areas for grout injection.
Disadvantages of in situ grouting for use at the SLDA include the formation of grout pillars that
would provide nonuniform base support to the cover; the lack of capability for uniform mixing
necessary to effectively stabilize inorganics; the lack of long-term effectiveness for reducing the
mobility of chlorinated organics; and the need to use a thick grout mix to counteract the high
moisture content, thus reducing the void filling capability of the grout.

2-21

NUREG- 1613

ALTERNATIVES

I

2.5.1.7 Vitrification
In situ vitrification would involve placing electrodes in the trenches to heat the soil to its
melting point, then allowing it to cool and solidify into a glassy mass. Organic compounds would be
volatilized and collected in a ventilated shroud; radionuclides would be stabilized in the solidified
material. In situ vitrification has been successfully field tested for relatively small volumes of
contaminated soils and waste materials. However, it has not been tested for volumes of heterogenous
wastes such as exist in the SLDA trenches. Furthermore, voids and the presence of metal objects
interfere with the melting process. Therefore, vitrification is not considered applicable for the Parks
SLDA.
2.5.1.8 Radio Frequency Heating
In this process, wastes are heated by electromagnetic radiation in the frequency range of radio
waves to volatilize organic compounds. The technology would be applied in conjunction with soil
vapor extraction and leachate removal. The process has been tested on bench and pilot scales but has
not yet been proved on a commercial scale. Because of the unproven effectiveness of this process, it
is not considered useable for the Parks SLDA.
2.5.1.9 Soil Flushing
Soil flushing would entail flushing water mixed with surfactants and solvents through
contaminated zones. The fluid would be collected and treated to remove water for reuse or discharge.
Soil flushing would require precise and reliable hydraulic control to ensure that contaminated fluids
would be fully contained and prevented from subsurface migration. Because of the fractured bedrock
underlying the site, soil flushing is not considered effective for the Parks SLDA.
2.5.1.10 Other in Situ Alternatives
In developing the proposed SIP technology, several other alternatives were considered. These
included using a simple cover vs a multilayer cover and grouting the underlying rock of the waste
trenches. More detail concerning these options is presented in the Alternative Technology
Assessment Report (ARCO and B&W 1994a).
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2.5.2 Exhumation Options
A number of approaches to the remediation alternatives involving exhumation were
investigated. These included virtually each step of the exhumation and transport/disposal process.
The options studied are listed below. More detail is available in the Alternative Technology
Assessment Report (ARCO and B&W 1994a).
*
*

Excavation by heavy equipment, dredging or hydraulic mining
Sorting by size separation, physical state, or chemical characteristics
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Size separation by manual sorting, screening, electrostatic separation, and so on
Treatment of large items by size reduction, surface decontamination, and consolidation
Treatment of organics by thermal destruction or removal by soil washing, ion exchange, or
solvent extraction
Containerization in small, medium, or large volumes in steel or polyethylene
Encapsulation at different locations on-site
Encapsulation in vault or tumulus cells
Encapsulation basal liners
Encapsulation parameter systems consisting of multicomponent covers or clean fill dikes
DOS in different categories of facilities
Transportation off-site by truck and/or rail

2.6 REGULATORY COMPLIANCE
Actions undertaken as part of the proposed site decommissioning would comply with the
following federal statutes and regulations: Atomic Energy Act; NEPA implementing regulations,
40 CFR 1500-1505; the Clean Air Act and its amendments, 40 CFR Part 61; Resource Conservation
and Recovery Act as amended by the Hazardous and Solid Waste Act Amendments of 1984,
40 CFR 260-270; the Clean Water Act and its amendments; the Endangered Species Act of 1973;
Section 106 of the Historic Preservation Act; OSHA (29 CFR 1910, Subpart G, OccupationalHealth
andEnvironmental Controls, 29 CFR 1910, Subpart I, PersonalProtectiveEquipment, 29 CFR 1910,
Subpart J, General Environmental Controls, 29 CFR 1926, Safety and Health Standardsfor
Construction);NRC's regulationsin 10 CFR Parts 20, 70, 61, and NRC's implementing regulations
concerningNEPA in 10 CFR Part 51.
Consultation with the United States Fish and Wildlife Service has been completed as required
by the Endangered Species Act of 1973. Consultation with the Pennsylvania State Historic
Preservation Officer is also documented.
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3. AFFECTED ENVIRONMENT
3.1 COMMUNITY RESOURCES
This section describes the existing social, cultural, and economic environment in the vicinity of
the Parks SLDA. The focus is on aspects of the surrounding community that could be affected by the
planned remediation of the facility.

3.1.1 Socioeconomic Characteristics
Key socioeconomic factors for describing the socioeconomic environment of the community
include population dynamics, the availability of housing, the condition of public services and
infrastructure including utilities and transportation, and the recreational environment. These factors
are discussed in the following sections.
3.1.1.1 Demographics and Housing
The small population (2723) of Parks Township has remained relatively constant over the past
decade (U.S. Dept. of Commerce 1990). The median age for persons living in Armstrong County is
36.5 years, slightly higher than for the state (35.1 years) and for Pittsburgh (34.6 years). Table 3.1
presents the population characteristics of Parks Township, Armstrong County, the adjacent counties,
Pittsburgh (the nearest metropolitan area), and the State of Pennsylvania.
Armstrong County has a well-educated work-force (Armstrong Chamber of Commerce 1996).
Table 3.2 presents data on the major employers in the area. The average unemployment rate (8%) for
Armstrong County is higher than for the state as a whole (6%) but lower than for the city of
Pittsburgh (9.1%). Poverty levels and median incomes for residents in Armstrong County and
surrounding areas are discussed in Section 4.1.1.3.
There were a total of 1147 housing units in Parks Township in 1990 with an average vacancy
rate of 6% (U.S. Dept. Of Commerce 1990). The median year that housing units were built was 1953,
indicating an older housing stock. Table 3.3 presents housing information for Parks Township, the
adjacent townships, and Armstrong County. Approximately 76% of the housing units in Parks
township are owner-occupied and 18% are renter-occupied. Armstrong County's average owner
occupancy is 68% and average renter occupancy is 21% (Pennsylvania State Data Center 1995a).
The median housing values for Parks Township declined between 1980 and 1990, reflecting a
more steep decline in median housing values for Armstrong County as a whole. During the same
period, median rent for housing units increased slightly in Armstrong County, from approximately
$192 (median value adjusted for inflation) in 1980 to approximately $205 in 1990. However, median
rents in Parks Township declined from $211 (similarly adjusted) in 1980 to approximately $203 in
1990 (Pennsylvania State Data Center, 1995a).
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Table 3.1. Characteristic of populations in Parks Township, Armstrong County, and adjacent counties

Co(Lnly

C-)

White
1990

Native
American'
1990

Black
1990

Asian and
Pacific
1990

Hispanic
(any race)b
1990

Other
1990

Total
population
1990

Estimated
population
1994

Percent
change
1990-94

Armstrong

72,727

566

59

81

480

164

. 73,478

74,599

1.5

Allegheny

1,169452

149,550

1,452

13,469

473

8,731

1,336,449

1,320,704

-1.2

Butler

150.407

810

109

545

140

563

152,013

161,890

6.5

Clarion

41,187

200

66

210

34

116

41,699

42,123

1.0

Indiana

88,033

1,175

92

574

120

370

89,994

90,638

0.7

Jefferson

45,891

49

49

70

24

98

46,083

46,615

1.2

Westmoreland

361,103

6,930

262

156

460

1,359

370,321

376,446

1.7

Pittsburgh

266,636

95,635

662

5780

1166

3415

369,879'

3 6 6 , 8 52d

10,520,201

1,089,795

14,733

137,438

119,476

232,262

11,881,643

12,052,367

2,635

116

0

29

16

0

2,796

2,723
(estimated for
1992)

Pennsylvania
Parks
Township

-0.8
1.4
-0.6 percent
change
1990-1992

'Includes persons of American Indian, Eskimo, or Aleutian ancestry.
bPersons of Hispanic origin may be of any race.
'Source for 1994 population estimates and percent change in Census Database Tape
'Population data for 1992.
Source: Dept. of Commerce, Bureau of the Census Database. City and County Data Book, 1994.
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Table 3.2. Armstrong County major employers
Name

Product/service

Employees

*Allegheny

Steel Products

1,051

Armstrong County School District

Education

800

Eljer Plumbing Products

Pottery, Water Closets

800

Armstrong County Memorial Hospital

Hospital Services

754

*R&P Coal Company

Mining Operation

700

Local County Government

Government Services

550

Creekside Mushrooms

Mushroom Production

300

Klingensmith's Drug Store and Healthcare

Retail/Healthcare

220

MTW

Clothing Manufacturing

180

Alltel Pennsylvania Inc.

Telephone Company

175

Cook Pace Maker

Pace Maker

130

Bracken Construction

Construction

125

Freeport Transport

Transportation

116

5 Rubber Company

Automotive Rubber Seals

115

Babcock & Wilcox

Refurbishing

90

Sintermet

Machine Shop

75

Central Electric

Utility

69

Drug Plastic & Glass Co.

Plastic Bottles

60

West Penn Power Company

Utility

60

Custom Bent Glass

Glass Products

53

*Part of this company is also in another county.
Source: Armstrong County Chamber of Commerce, 1995.
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Table 3.3. Housing information for Parks Township and adjacent areas

Area

Total
units
1990

Pre1940
($)

19401949

19501959

19601969

19701979

19801984

After
1984

Median
year
built

Median
housing
value
1990
($)

Median
housing
value
1980 ($)

Apollo Borough

902

52.7

16.7

6.4

9.2

12.7

2.2

0.0

1939

29,700

40,335

Bethel Township

616

14.3

15.4

21.1

12,5

23.4

8.4

4.9

1960

52,100

53,674

Burrell Township

290

47.9

7.6

13.1

6.9

18.3

3.8

2.4

1943

42,100

49,387

Gilpin Township

1,243

21.3

17.8

17.9

16.3

16.7

7.7

2.3

1956

53,200

58,756

Parks Township

1,147

31.2

14.6

16.3

10.5

11.6

9.2

6.6

1953

43,500

43,670

North Apollo Borough

614

34.7

10.7

24.1

10.1

9.8

6.7

3.9

1952

47,000

53,992

Armstrong County

31,757

37.7

10.4

13.7

10.2

16.9

5.8

5.3

1951

44,300

52,404

Pennsylvania

4.938
million

35.1

9.7

14.6

12.4

15.8

5.8

7.0

1954

69,700

62,091

Source: U.S. Dept. of Commerce, Bureau of the Census, 1990 Census of Population and Housing STF-3. Pennsylvania State Data Center, 1995
Armstrong County Data Book
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Overall, median housing values within Armstrong County declined an average of 15 percent
between 1980-90, while median housing values have remained relatively constant for Parks
Township. However, Apollo borough has seen a decline in median housing values of 26 percent for
the same period. The lower median housing values in Apollo borough could be attributed to the older
housing stock. The median year for housing stock in Apollo borough is 1939, while the median
construction year for units in Parks Township is 1953, closer to the Armstrong County median of
1951.
Development of new housing in Parks Township has been slow (personal communication
B. Hackett, Developer Countryside Homes to Barbara Vogt, ORNL, March 1996). However,
economic development plans for the area are progressing with the proposal for an 85-acre industrial
park not far from the Parks SLDA (personal communication, M. Conley, Planner, Armstrong County,
to Barbara Vogt, ORNL, May 5, 1996).
3.1.1.2 Public Services and Infrastructure
There are no schools, hospitals, nursing homes, or other special facilities located within 1.6 km
(1 mile) of the Parks SLDA in Armstrong County. However, Laurel Point (K-4) and Hyde Park
Primary (1-6) schools are within a 2.5-km (1.5-mile) radius of the site. Laurel Point School is located
on Airport Road in Parks Township; Hyde Park Primary is located across the Kiskiminetas River in
the Hyde Park community of Westmoreland County. The next closest school to the SLDA site is the
recently renovated Leechburg Area School (K-12), located in Leechburg, Gilpin Township (adjacent
to Parks Township).
Approximately 7155 students (K-12) are enrolled in Armstrong County's public school system.
The county school system encompasses four districts-the Armstrong School District, the ApolloRidge School District, the Freeport Area School District, and the Leechburg Area School District. In
addition to the ten public elementary and six secondary schools, there are six parochial schools, a
vocational-technical school (Lenape Area Vocational-Technical School), and a branch of Indiana
University of Pennsylvania. Five public libraries service Armstrong County residents.
The nearest medical facility, Armstrong County Memorial Hospital, is located in Kittaning,
approximately 19 km (12 miles) from the site. The hospital has 217 single patient rooms and
presently operates at 75 percent capacity (personal communication, Vicki Hinterberger, Community
Relations Director, Armstrong County Memorial Hospital, to Barbara Vogt, ORNL, September 15,
1995). Other health care services are provided by the Cowansville Area Health Center and the
Shannock Valley Area Medical Facility. The Armstrong County Health Center in Kittaning provides
skilled nursing home care, primarily to Armstrong County residents, including indigents. The
190-bed facility operates at 95-98 percent capacity (personal communication, Nancy Bearer,
Armstrong County Health Center, to Barbara Vogt, ORNL, September 12, 1995).
The Parks Township police department consists of one full-time and two part-time police
personnel. Armstrong County's sheriff's department also assists the Township (personal
communication, Jean Cook, Parks Township Police Dept. to Barbara Vogt, ORNL, September 12,
1995). An ambulance (belonging to the town of Vandergrift) for emergency services is housed in the
Parks Township building. Personnel from the volunteer fire department are available in emergencies.
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3.1.1.3 Utilities
Utilities serving the SLDA include natural gas and electricity. Natural gas is provided to
Armstrong County by Peoples Natural Gas Company and T.W. Phillips Gas and Oil Company.
Electrical power is supplied by West Penn Power Company.
Both city water and sewage are available on-site or to the residents in the Kiskimere community
adjacent to the site. However, some (four) Kiskimere residents rely on private wells for potable water
(personal communication, C. Gibson, Parks Township Municipal Authority to Barbara Vogt, ORNL,
January 21, 1997). Municipal water for Parks Township is obtained from Beaver Reservoir. In 1990,
approximately 55 percent of Parks Township residents relied on city water. Since 1990, additional
areas receiving city water have included areas along Airport Road and the Dime Flat area (personal
communication B. Shannon, Parks Township Supervisor to Barbara Vogt, ORNL, March 8, 1996).
A number of gas wells, both operating and abandoned, have historically been located
in this part
of Pennsylvania (Section 3.2.2.2). Three gas lines traverse the SLDA site, including a 20-cm (8-in.)
Peoples Gas Company distribution line that crosses the upper section of the trenches. Gas company
records indicate the pipelines are buried approximately 0.6 m (2 ft) below the surface and have been
repaired on occasion. The rights of way for the lines are usually mowed annually by the companies
(information supplied by B&W). The licensee plans to relocate the upper line beyond the fence
surrounding the remediated facility, sealing off the old pipe. Site maps supplied by the licensee
indicate one or more abandoned gas wells may also be located on the property.
3.1.1.4 Transportation
Armstrong County is located in a region known as the northern industrial population belt.
Route 28 traverses the center of Armstrong County from southwest to northwest, placing businesses
close to the highway less than an hour away from Pittsburgh International Airport. McVille Airport,
near Cadogan, serves private aircraft. Direct access to the Ohio and Mississippi Rivers and the Gulf
of Mexico is provided by about 69 km (43 miles) of navigable waters on the Allegheny River.
The only access to the site from Pennsylvania Route 66, the nearest major road (see Figure 1.2),
is Kiskimere Road, which presently dead-ends in the Kiskimere community. Approximately
5,000 vehicles travel the two-lane Route 66 daily (personal communication D. Stubrich, Armstrong
Dept. of Transportation to Barbara Vogt, ORNL, April 19, 1996).
The Fullington Auto Bus Company provides bus transportation twice daily to Pittsburgh. The
route extends from State College, Pennsylvania, to Pittsburgh, Pennsylvania, traveling through
Vandergrift.
3.1.1.5 Recreational Resources
Recreational resources in Armstrong County, especially for aquatic recreation, are extensive and
well used by both visitors and residents. Boating on the Allegheny River is facilitated with nine
public launches and seven private launches and full-service marinas. Locks and dams on the
Allegheny River in Armstrong County are located at Freeport, Clinton, Kittaning, Mosgove, and East
Brady.
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Three lakes in Armstrong County offer recreational boating and fishing opportunitiesMahoning Creek Lake, Crooked Creek Lake, and Keystone Lake. The 112-ha (280-acre) Mahoning
Creek Lake, located approximately 48 km (30 miles) northeast of the Parks SLDA near Smicksburg,
was created by the Mahoning Dam in 1941. In addition to the picnic area maintained by the Army
Corps of Engineers (COE), 344 ha (860 acres) of project lands and waters are leased to the
Pennsylvania Fish Commission for public recreation. Armstrong County also leases 11 ha (28 acres)
to operate the 52-campsite Milton Loop Campground. Swimming is not permitted in the lake.
The 140-ha (350-acre) Crooked Creek Lake, also maintained by the COE, is located closer to the
SLDA, in Ford City [approximately 13 km (8 miles) to the north-northeast]. The lake and its
shoreline, encompassing approximately 1066 ha (2664 acres), provides opportunities for water-based
recreation, including boating, water-skiing, fishing, picnicking, hiking, camping, hunting, and a
variety of facilities for winter sports enthusiasts. Keystone Lake, located approximately 22.5 km
(14 miles) to the northeast, provides another 400 ha (1000 acres) of water based recreation.
A portion of the Kiskiminetas River located near Apollo (south of the Parks SLDA) has been
developed as a wildlife preserve, Roaring Run Watershed. The preserve is primarily used for hiking,
wildlife viewing, and picnicking. Another water feature, the Beaver Run Reservoir, is located in
Westmoreland County, approximately 13 km (8 miles) south of the SLDA.
The Kiskiminetas River adjacent to Route 66 below the Parks SLDA is not extensively used for
water-based recreation at this time (personal communication M. Coonley, Planner, Armstrong
County, to Barbara Vogt, May 5, 1995). The Kiskiminetas River, however, remains canoeable
throughout the summer and fall. The lower Kiskiminetas River near Schenley is adequate for
seasonal water skiing.
Other public recreational areas are also available for hunting and fishing. Armstrong County has
five public gamelands and hunting is permitted in specified areas of the state parks. Among the game
hunted are white-tailed deer, black bear, squirrel, rabbit, ring-necked pheasant, ruffed grouse, duck,
Canada goose, woodcock, and doves.
3.1.2 Cultural Resources
Although evidence of prehistoric populations is lacking, Armstrong County's recorded history
dates from the French and Indian War. Kittaning, Armstrong's county seat and the oldest town in
western Pennsylvania, was settled by the Delaware (Lenape) Indians migrating from the Delaware
Bay area around 1700. Historic Indian trails in Armstrong County include the Kittaning Trail, the
Olean Trail, and the Old Trader's path. Both the Delaware and Shawnee tribes were known to inhabit
portions of Armstrong County through 1782. Historic forts in the county include Fort Armstrong
(built 1779) and Fort Green (1791).
The potential for archaeological sites and historic properties located on or in the vicinity of the
SLDA was examined through consultation with the Pennsylvania Office of Historic Preservation as
directed by Section 106 of the National Historic Preservation Act. It was determined that no
American Indian groups, lands, or burial grounds have been identified in the vicinity of the project
site. Documentation of the consultation with the Pennsylvania Office of Historic Preservation is
found in Appendix B. Previous disturbance of the SLDA would likely have eliminated archaeological
or historical artifacts on the SLDA.
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3.1.3 Land Use
This section describes land use from the social, economic, and ecological perspectives. The
section also focuses on the existing agricultural, urban, and industrial properties in the vicinity of the
Parks SLDA and in Armstrong County. Land or water features used for recreational purposes are
also identified. The licensee's proposed action (SIP) requires that the SLDA site be restricted from
use for an indefinite period and periodically monitored for contaminant migration. A 30-year
maintenance period is proposed by the licensee, but institutional controls for the site would last
indefinitely (see Section 4.2.8.3).
Armstrong County, located in southwestern Pennsylvania, encompasses almost 1820 km2
(700 mile 2) of land area. The county's political geography is composed of 45 small and thinly
populated municipalities-28 townships, 16 boroughs, and one city. The borough of Kittaning,
located on the Allegheny River, is the county seat (Armstrong County Department of Planning and
Development, 1995).
Current land ownership patterns adjacent to the property and in the vicinity are mixed, and both
commercial and residential properties adjoin the Parks SLDA. Presently no comprehensive planning
or zoning ordinances affect land use in Armstrong County (personal communication M. Coonley,
Planner, Armstrong County, to Barbara Vogt, May 25, 1995).
3.1.3.1 Historic Land Use
The area around Parks Township has an extensive history of fossil fuel extraction. Historical
records indicate that both surface and deep mining methods were used to remove coal from the seam
beneath the SLDA between 1900 and 1920. The coal was barged to nearby steel mills and other
locations via a canal (which no longer exists) adjacent to the Kiskiminetas River that led to the
Allegheny River. The access to coal and water permitted early development of heavy metal industries
in the area.
Anecdotal evidence indicates no development of the surface area of the SLDA site when
NUMEC acquired the site for waste disposal. The waste materials buried in the SLDA were taken
from the NUMEC facility located in downtown Apollo (adjacent to Parks Township). NUMEC
produced uranium fuel for nuclear powered ships and power plants beginning in 1956, later
expanding its nuclear fuels manufacture to the Parks plant located adjacent to the SLDA. In 1967,
ARCO purchased stock in NUMEC, then sold the stock to B&W in 1971. The SLDA property is part
of a larger 45.5-ha (114-acre) parcel that includes a B&W radioactive decontamination facility and a
vacant parcel next to the SLDA. Disposal of radiological and other waste was discontinued in
December 1970.
3.1.3.2 Current Land Use
Currently, the SLDA is undeveloped but is fenced for security purposes. The 16-ha (40-acre)
SLDA, consisting mostly of cropped vegetation, slopes downhill to the northwest with an ephemeral
stream along the north-northwest border. Mature trees and shrubs cover the north side of the SLDA.
A gravel access road leads to a parking area and a small temporary building. The fenced SLDA is
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accessed by a single entrance from Kiskimere Road, a public two-lane road. Directly across from the
entrance to the SLDA property is the small community of Kiskimere.
Adjacent to the lower end of the SLDA (below trench number 10) is a B&W refurbishing
facility. Route 66 abuts the B&W property on the northwest. Adjacent to Route 66 (opposite the
B&W property) is the Kiskiminetas River. Directly across the river from the B&W facility are
railroad tracks. At this point the land rises to a high bluff with a number of residences that overlook
the river. The banks of the river and the bluff are generally wooded and covered with shrubs. The
Kiskiminetas River constitutes the boundary between Armstrong County and Westmoreland County.
Pittsburgh (Westmoreland County) is the nearest metropolitan area to Parks Township,
approximately 37 km (23 miles) to the southwest. The next largest metropolitan area is Johnstown,
approximately 64 km (40 miles) to the southeast.
Commercial facilities, including a small restaurant and a car wash, abut the northeast boundary
of the SLDA. A mostly vacant 22.6-ha (56.5-acre) parcel, owned by B&W, continues along the
northeast boundary of the SLDA site. Property along the eastern (uphill) boundary of the SLDA is
being developed as a 176-unit residential subdivision, but construction of units has been slow
(personal communication, B. Hackett, Developer Countryside Homes to Barbara Vogt, ORNL, May
1996). Continuing south, and adjacent to the subdivision and the SLDA, is a vacant 6.4-ha (15.9acre) parcel owned by the Parks family (information supplied by B&W).
Approximately 2 km (1.2 miles) north of the SLDA along Route 66 is the site of a former dairy,
"Farmers Delight," now the site of the Parks Bend industrial park. The 33-ha (82-acre) Parks Bend
Farm houses a small business incubator facility that provides low-cost space for emerging businesses.
Thirty acres are currently available for development (personal communication M. Coonley, Planner,
Armstrong County to Barbara Vogt, May 25, 1995). Although municipal water is available, many
area farms rely on wells to water livestock.
Approximately 1.6 km (1 mile) south (upstream) on the Westmoreland County side of the
Kiskiminetas River is the Kiski Valley Water Pollution Control Authority (KVWPCA), a municipal
sewage treatment facility built in the early 1970s. The facility provides sewage treatment for Parks
Township and other communities in the area. The site also contains a monitored 0.8-ha (2-acre)
lagoon containing contaminated ash. The lagoon, which has a clay liner, is 2 to 3 m (6.5 to 10 ft)
deep at the center and currently contains approximately 10,000 m3 (350,000 ft3) of ash. In September
1994, the NRC conducted surface and subsurface sampling in the ash lagoon. Analysis of the
samples from the ash lagoon indicated that some of the samples contained concentrations of uranium
which ranged from <2.6 to 923 pCi/g (34.5 Bq/g). The analysis also indicated that the uranium does
not currently pose a short-term risk to members of the public. This was based on monitoring data that
showed the uranium was not migrating via air, groundwater, or surface water outside the lagoon. The
NRC and PADEP are currently working together to determine the ultimate disposition of the ash.
Farther along the same side of the river, approximately 5.5 km (3.5 miles) upstream, is the
Allegheny Ludlum steel products facility (in West Leechburg), the largest employer in the area.
The Kiskiminetas River flows downstream along the western boundary of Parks Township past
Gilpin Township (including the towns of Leechburg and Bagdad) before converging with the
Allegheny River at the town of Schenley. There are no dams between Parks Township and the town
of Schenley. Thus, the Kiskiminetas supports recreational activities including canoeing in the spring
and early summer. Three bridges between Apollo and Schenley provide river crossings. Starting at
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Schenley, the Allegheny River traverses 50 km (31 miles) northeast through Armstrong County. The
Allegheny River flows south from Schenley between Westmoreland and Allegheny Counties to
Pittsburgh, where it converges with the Ohio and Monongahela Rivers.
Although it is adjacent to large urban areas, the overall rural character of Armstrong County
provides both scenic amenities and habitat for a number of native game and bird populations, making
this part of Pennsylvania attractive to recreationists, hunters, and fishermen. The COE has also
developed a number of recreational areas open to the public for water sports, recreation, and hunting.
Loss of prime agricultural land is considered a major problem in Pennsylvania because
agriculture is the state's number one industry. Within the past thirty years, the state lost nearly half of
its farms. In 1960, Pennsylvania had 106,000 farms, but in 1990 only 53,000 farms existed. However,
this area of Pennsylvania is not well suited to the large scale agricultural production prominent in
Eastern Pennsylvania. Much of the land is hilly and access to major highways leading to the major
metropolitan areas, such as Pittsburgh, is currently limited. No action has been taken in Parks
Township to set aside farmland under the Agricultural Security Act (personal communication, D.
Pollack, County Extension Officer for Armstrong County to Barbara Vogt, ORNL, January 21,
1997). Table 3.4 presents the data on cash sales of agricultural crops by county. Approximately twothirds (67%) of all agricultural cash receipts are from horticultural products and mushrooms.
Table 3.5 shows the changes in farm acreage from 1987 to 1992. Armstrong County has a slightly
lower proportion of lost farm land than adjacent counties and the state as a whole.
3.1.4 Community Response
The existence and planned remediation of the Parks SLDA have sparked controversy in the
community. A number of local citizens have aligned themselves in two groups, the Kiski Valley
Coalition to Save Our Children (Coalition) and the Citizens Action for a Safe Environment (CASE).
Both groups were active in ,opposition to operations at the Apollo facility. The groups increased their
resistance to nuclear activities when a change of licensing was requested for the B&W properties in
April 1989 and granted by NRC in June 1993. At the time of submission of the renewal application,
B&W requested that separate licenses be issued for the Parks SLDA and the nuclear service
operations at the B&W facility directly adjacent to the SLDA.
In January 1994, CASE and the Coalition filed a joint request for a hearing on B&W's renewal
application to NRC for the continuation of the Parks Township site nuclear service operations.
Members of these groups have maintained that they were forced to bear undue health and
environmental risks without adequate disclosure during the time NUMEC was operating the Apollo
plant. Some residents also maintain that the community is not receiving the potential benefits of
income-generating commercial properties because of the residual contamination surrounding areas of
the Apollo site, and that the proposed in-situ remediation of the Parks SLDA will continue the stigma
of having contaminated areas in their community, thus contributing to economic decline. Comments
received during the scoping meeting held by the NRC in January 1995 (NRC 1995) and reports in
both electronic and print media document those concerns.
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Table 3.4. Cash receipts from the sales of agricultural crops, livestock, and livestock products by
Pennsylvania county, 1991. (Money figures in thousands of dollars.)
Crops

County

!

Field

Vegetables
and
potatoes

Livestock and livestock products

Fruits

Horticulture
and
mushrooms

Meat, animals
and
miscellaneous
livestock

Dairy

Poultry

Government
payments

Total all
crops,
livestock
and
government
payments

Armstrong

2,618

237

260

38,263

6,120

9,142

50

416

57,106

Allegheny

567

686

1,959

13,302

2,223

1,213

235

a

20,185

Butler

4,182

2,094

263

27,269

8,635

12,322

562

412

55,739

Clarion

2,265

550

148

844

4,862

10,702

49

488

19,908

Indiana

5,305

1,155

213

11,971

8,978

14,926

130

727

43,405

Jefferson

1,758

170

19

1,049

3,855

7,444

45

189

14,529

Westmoreland

4,013

813

238

7,863

10,438

16.920

657

966

41,908

85,083

133,526

549,929

652,583

1,346,826

470,351

41,161

3,544,201

Pennsylvania
264,742

'Included in county where ASCS office is located.
Source: Pennsylvania State Data Center. 1994. The 1994 Pennsylvania Abstract. Harrisburg, Pennsylvania: Penn State.
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Table 3.5. Change in number of farms and land from 1987 to 1992

County

Number
of
farms
1987

Land in
farms 1992
(acres)

667

122,420

119,566

418,541

28.6

-9.3

-2.3

-0.68

1,012

143,817

129,323

504,696

25.6

-15.6

-10.1

-2.8
-2.0

Number
of farms
1992

Approximate
land area
(acres) 1992

Proportion
in farms
(percent)
1992

Percent
change # of
farms
1987-92

Percent
change in
farm
acreage
1987-92

Land in
farms
1987
(acres)

Percent
change
overall land
use 1987-92

Armstrong

735

Butler

1,199

Clarion

541

444

102,577

94,817

385,591

24.6

-17.9

-7.6

Indiana

911

747

165,745

143,036

530,898

26.9

-18.0

-13.7

Jefferson

495

410

84,803

79,310

419,525

18.9

-17.2

-6.5

-1.3

Westmoreland

1,335

1,139

164,716

153,897

654,446

23.5

-14.7

-7.0

-1.7

Pennsylvania
(state totals)

51,549

44,870

7,866,289

7,189,541

28,684,522

25.1

-12.9

-8.6

-2.4

-4.3

Source: U.S. Dept. of Commerce, 1992 Dept. of Census, Vol. 1, Geographic Area Series, Part 38, Pennsylvania.
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In order to inform and receive input from the public, NRC has held public meetings in the local
community and invited local officials and key spokespeople from the activist groups to participate in
meetings held locally and in Washington, D.C. (Section 1.5). ARCO established an information
center and a resource library for local residents in a temporary building not far from the site.
Information on the site and the proposed in-situ remediation plans are available, as well as informed
specialists to answer questions. In addition, procedures for public information on the proposed
alternatives as promulgated by NEPA and Executive Order 12898 (1994) have been followed.

3.2 GEOLOGY
This section describes regional and local geologic characteristics which may have an influence
on long-term stability of the SLDA. Brief descriptions are provided of (1) coal mines as they relate to
the potential for surface subsidence, the formation of sinkholes, and groundwater pathways;
(2) stratigraphy and structure as they relate to the potential for coal mine collapse, current oil and gas
production, potential for future oil and gas production, and potential seismic hazards; (3) the
historical record of regional seismicity as it relates to future seismic hazards; and (4) soils and
topography as they relate to erosion hazard and slope stability.
A summary of geologic hazards is presented at the end of each sub-section. Lindsey (1995)
provides a detailed discussion of geology and geologic hazards at the site. Although conclusions are
similar to those of Lindsey, there are some differences.
The relationships between geology and groundwater resources and between soils and current
contamination are discussed in Section 3.3 and Section 3.5, respectively.

3.2.1 Coal Mines
Park Coal Company mined in the vicinity of and beneath the SLDA during the first third of the
twentieth century. Mining was accomplished by the room-and-pillar method, wherein approximately
one-third of the coal remained in place to provide support pillars (GAI 1993). There are no records
pertaining to retreat-mining (the removal of support pillars) when the mine was abandoned. Recent
drilling records provided by ARCO/B&W (1993, 1996) show that the heights of the open mine drifts
are similar to the pre-mining coal thickness of 0.9 to 1 m (3 to 3.5 ft) and suggest that little, if any,
post-mining subsidence has taken place to date. Open mine haulage-ways are somewhat higher,
ranging up to 1.8 m (6 ft) or more (GAI 1993). Maps provided by GAI suggest that the upper
trenches are underlain by unmined coal, room-and-pillar mined out areas, and haulage-ways. The
haulage-ways were generally 9 m (30 ft) wide and supported by timbers rather than coal pillars (GAI
1993). The abandoned coal mine lies between 18 and 30 m (60 and 100 ft) beneath the upper trench
area.
Progressive collapse of an abandoned mine over several years recently caused structural damage
to residential foundations in nearby Leechburg, Pennsylvania (PADER 1985, 1989, 1991; USDI
1991). The following discussion summarizes information from these documents. Most of the damage
appears to have been caused by minor differential settlement and fractures that reached the surface.
Hairline to inch-wide cracks appeared in foundations and walls. Door and window frames were
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twisted slightly out of plumb, making them difficult or impossible to open or close. Most of the
damage occurred where there was 18 to 30 m (60 to 100 ft) of rock and soil between the mine and the
surface. Sinkholes developed further downslope where the surface is near the outcrop of the coal
seam and overburden is less than 6 m (20 ft) thick. It is expected that future mine subsidence-related
damage at Leechburg will be reduced significantly through an on-going mine stabilization program,
wherein the mine is being backfilled with grout at selected sites.
U.S. Department of the Interior (USDI 1991) data show that lower Conemaugh strata are mostly
shales beneath Leechburg. A synthesis of ARCO/B&W data (1993, 1996) suggests that shale
predominates beneath the SLDA as well (60 to 70 percent shale). Generally, subsidence is more
likely where overburden is predominantly shale.
Although mine and overburden conditions are very similar at Leechburg and the SLDA, there is
one potentially significant difference. Whereas documents"identify sites where retreat-mining
occurred beneath Leechburg, no similar Park Coal Company documents exist for the mine beneath
the SLDA. GAI (1993) believes that retreat mining was not practiced beneath the SLDA. Retreat
mining promotes mine collapse and surface subsidence in a relatively short time frame after mine
closure. It is expected that subsidence at Leechburg would be more advanced than at the SLDA.
Therefore, the initiation of subsidence at the SLDA may require a longer time frame. There are many
case histories that relate surface subsidence to collapsed underground coal mines in the greater
Pittsburgh area.
The following discussion of coal mine fires is based on the analysis presented in Lindsey
(1995). Most coal mine fires start from man-made fires at surface outcrops and spread through mine
openings. Such outcrops are present in slopes of major drainages (e.g., Carnahan Run) near the
SLDA.
The primary potential impact of a mine fire at the SLDA would be mine collapse due to
consumption of the coal pillars and columns by the fire. Because these pillars and columns would be
consumed, it is likely that the maximum possible surface subsidence would result from fire-induced
mine collapse.
Fire-induced mine collapse can be mitigated by backfilling the mine. In addition to physically
stabilizing the mine, such backfilling limits the availability of oxygen to the backfilled area,
preventing fire from spreading to this area.
3.2.1.1 Summary
Mine collapse, propagation of fractures to the surface, and subsequent surface subsidence are
likely future events at the SLDA in the absence of mine stabilization. GAI (1993) states that the time
frame for such events cannot be predicted. GAI further states that sinkholes would not form in the
upper trench area because the overburden is at least 18 m (60 ft) thick. Generally, sinkholes form in
overburden that is less than 6 to 8 times the thickness of the mined out coal seam [i.e., no more than
5.5 to 8.5 m (18 to 28 ft) above the 0.9 to I m (3 to 3.3 ft) thick coal seam]. Mine stabilization by
grouting the voids beneath the waste trenches (similar to that at Leechburg) is discussed in
Section 2.2.6.
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3.2.2 Stratigraphy and Structure
3.2.2.1 Stratigraphy
Figure 3.1 presents a generalized stratigraphic column for the SLDA site. Trench 10 is buried in
coal mine spoil and rests on a 1.2-m (4-ft) thick underclay. The uppermost shale-mudstone unit of the
Allegheny group (the Upper Freeport Shale) outcrops in the steep-sloped mine-cut directly southeast
of this trench. No Conemaugh strata overlie Trench 10. The Upper Freeport coal was strip-mined in
the vicinity of Trench 10. The underground room-and-pillar mine begins beneath the steep-sloped
mine-cut and runs southeast beneath and beyond the upper trenches.
The upper waste trenches were excavated into Pleistocene (Quaternary) terrace deposits that rest
on weathered shale. The terrace deposits are remnants of uneroded alluvium deposited in an ancient
river bed. The terrace deposits consist of mixtures of unconsolidated clay, silt, sand, and gravel. Soils
developed on the terrace deposits and weathered shale are 4.2 ± 3 m (14 ± 10 ft) thick.
The stratigraphic section, from the mined-out Upper Freeport coal seam [0.9 to 1 m (3 to 3.5 ft)
pre-mining thickness] to the surface, consists of the uppermost Allegheny group (the Upper Freeport
coal seam) which is overlain by the lower 16.5 to 27 m (55 to 80 ft) of the Conemaugh group and up
to 6 m (20 ft) or more of terrace deposits (Sisler 1926; Hughes 1933; Massini 1995) in the vicinity of
the upper trenches. The stratigraphy beneath the Upper Freeport coal seam consists of a 1 to 3 m (3
to 5 ft) thick underclay; a 6 to 9 m (20 to 30 ft) thick shale/mudstone unit; the Butler Sandstone
consisting of 3 to 6 m (10 to 20 ft) of interbedded sandstone and shale; a 3 m (10 ft) thick unit of
interbedded thin sandstones and shales; and the 3 to 6 m (10 to 20 ft) thick Freeport Sandstone. Coal
stringers in the lowermost units probably correspond to the Lower Freeport coal.
Only the lowermost 10 to 20 percent of the Conemaugh group is present beneath the upper
trenches. Most of the Conemaugh group was eroded prior to Pleistocene time. The lowermost
Conemaugh group is consolidated rock and is mainly shale beneath both Leechburg and the upper
trenches. Weathered bedrock (predominantly shale) which lies directly beneath the upper trenches
averages 5.7 m (19 ft) thick and ranges between 1.5 and 15 m (5 and 50 ft) thick (based on data
provided by ARCO/B&W 1993, 1996). The weathered shale is underlain successively by two upper
Allegheny units which are predominantly sandstone and shale, respectively, and a lower sandstone
unit, each of which are 4 ± 1.5 m (14 ± 5 ft) thick. A lower, predominantly shale unit is 6 ± 1.8 m
(19 ± 6 ft) thick and rests directly on the Upper Freeport coal. Thin and discontinuous lenses of coal,
sandstone, siltstone, shale, and mudstone are distributed throughout the lower Conemaugh section
between the upper trenches and the Upper Freeport coal.
The Upper Freeport coal and/or mine spoil outcrops about 18 m (60 ft) above Carnahan Run
immediately downstream from Lee Lake (Figure 1.2). The Upper Freeport coal, which is essentially
horizontal, is buried beneath colluvium along most of the slopes adjacent to Carnahan Run. The
subcrop of the coal is nearly parallel to and perhaps crosses Carnahan Run farther upstream.
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Figure 3.1. Stratigraphic Column.
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3.2.2.2 Hydrocarbon Production
Seven gas wells and two oil wells are located between 900 m and 3000 m (3000 and 10,000 ft)
from the SLDA (Rosenthal 1995). Stratigraphic units beneath the Upper Freeport coal seam contain
gas reserves over a considerable portion of Armstrong County.
Armstrong County lies near the middle of the "shallow gas belt" of Harper and Cozart (1992).
Nearly all wells are shallow [less than 1.2 km (4000 ft) deep and produce from upper Devonian or
younger rocks] and completed as gas wells in Armstrong County. Major upper Devonian production
occurs in sandstone facies of the Ohio shale (the probable hydrocarbon source bed). Gas from
shallow wells in Pennsylvania accounted for more than 75 percent of total Pennsylvania gas
production in 1990. The gas well success rate in Armstrong County was 99 percent in the 1980s
(Harper and Cozart 1992). There also are active natural gas storage areas in Armstrong County.
Most of the upper Devonian natural gas in Armstrong County appears to be concentrated along
the axes and flanks of major anticlinal structures (strata bent into the shape of arches) (based on data
provided by Lytle and Balogh, 1975). The SLDA is located about two-thirds of the way down the
east flank of the Leechburg-McHadden anticlinal axis and toward the axis of the DuquesneFairmount syncline (strata bent into the shape of a trough). The more detailed Armstrong County
structure map of Wagner and Lytle (1984) depicts secondary anticlinal and synclinal folds near the
SLDA.
ARCO/B&W (1996) provides a structure contour map on the base of the Upper Freeport coal
(Figure 3.2) which shows a very small anticlinal structure running between Trench 10 and the upper
trenches. The Upper Freeport coal slopes downward (dips) off this structure toward the southeast at a
rate of 3 m (10 ft) vertically per 500 m (1000 ft) horizontally.
Based on the assumption that most natural gas reservoirs in Armstrong County are associated
with major anticlinal structures, the SLDA is not a particularly favorable site for gas exploration.
However, it is possible that gas may be discovered on the secondary anticlinal fold. Furthermore, it
may well be that stratigraphically trapped gas is present in sand facies of the Ohio shale. However,
exploration for stratigraphically trapped gas is a high risk venture (some producing wells in the area
may already have tapped into unrecognized stratigraphic traps) compared with exploration for
structurally trapped gas. Therefore, exploratory drilling for stratigraphically trapped gas is less likely
to occur.
There are two abandoned gas wells on the SLDA. One of these wells is near the Kiskimere
community and the other is 21 m (70 ft) northeast of Trench I and 45 m (150 ft) northwest of
Trench 2. The histories of these wells are incompletely known. GAI (1993) states that they were
drilled after the mine was abandoned (after the 1930s). Their production and plugging and
abandonment histories (if any) are currently unknown. In addition, there is an active gas well on the
B&W property adjacent to the SLDA.
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The Rome Trough is a deeply buried and largely unexplored early Cambrian rift zone in western
Pennsylvania. The significance of the Rome Trough lies in the fact that it may be the source of
considerable deep gas reserves. Harris and Drahovzal (1996) describe two recent deep-gas discovery
wells in the Rome Trough of eastern Kentucky. The existence of such reserves in western
Pennsylvania is uncertain. Based on data provided by Ryder, Harris, and Repetski (1992), the
northeastward trending Rome Trough is nearly 160 km (100 miles) wide beneath all of southwestern
Pennsylvania (including Armstrong County and the greater Pittsburgh region). Proven gas reserves in
the Rome Trough are more than 3 km (10,000 ft) deep in eastern Kentucky. To date there are no
proven deep gas reserves in western Pennsylvania. Depths to potential reserves in Pennsylvania range
from 6 to 9 km (20,000 to 30,000 ft). If such reserves were ever to be developed, only the largest oil
companies with their state-of-the-art exploration methods could afford to participate.
3.2.2.3 Summary
The potential for shallow gas production beneath the SLDA is low. The anticlinal structure that
runs between Trench 10 and the upper trenches has insignificant closure compared with those of
nearby producing fields. Although a stratigraphic gas trap may exist in the area, such traps are much
less likely to be explored by drilling than structural traps.
The potential for deep gas production is highly uncertain in the Rome Trough of western
Pennsylvania. The location of the Rome Trough and structures within it is not well constrained. To
date, few wells have penetrated the Rome Trough in Pennsylvania. Currently, exploratory drilling for
ultra-deep gas in western Pennsylvania is very unlikely. Such drilling in the distant future would
depend on the outcome of future energy crises.
3.2.3 Seismic Hazards
The potential impacts of earthquakes on coal mine stability were considered in this evaluation. It
was determined that an earthquake producing a peak ground acceleration (PGA) of 0.13 g at the site
may increase the risk of coal mine collapse and surface subsidence, but based on the following
analysis, it is very unlikely that an earthquake of this magnitude would occur in this area.
The following synthesis summarizes Lindsey's (1995) discussion of historical seismicity within
200 km (120 miles) of the SLDA.
The SLDA is located in Seismic Zone I (SZ1) of the Uniform Building Code (UBC) (ICBO
1994). PGAs in SZI range from 0.05 to 0.10 g. Expected maximum magnitude 5.5 and 4.5
earthquakes whose epicenters are 15 km (9 miles) from the SLDA would produce PGAs of 0.13 g
and 0.07 g, respectively, at the SLDA. Based on FEMA (1988) seismic hazard curves for SZ1, an
earthquake producing a PGA of 0.13 g has a return (or recurrence) period of somewhere between
1000 and 5000 years. FEMA's return period estimates are comparable with those of Lindsey.
No far-field (i.e., distant from the SLDA) earthquakes would produce estimated PGAs that are
larger than that of the near-field earthquake discussed above. Gardner (1989) estimated a maximum
PGA of 0.09 g from a postulated future maximum expected earthquake of magnitude 6.1, located in
the Valley and Ridge province at a distance of 69 km (41.5 miles) southeast from the SLDA.
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The largest historical (the last 200 years) earthquake within 200 km (120 miles) of the SLDA
.occurred in February 1964. This earthquake had a local magnitude of 5.2 and occurred in the Valley
and Ridge province at a distance of 119 km (71 miles) from the SLDA. The unmeasured, but
calculated, on-site PGA was 0.02 g. Three small earthquakes of magnitudes ranging from 2.5 to 2.7
occurred in April, June, and October of 1996 in Wyomissing, Pennsylvania, located about 310 km
(190 miles) from the SLDA. According to Algermissen et al. (1982), an earthquake of magnitude 5.2
at a distance of 300 km would produce a PGA at the SLDA of less than 0.01 g. Therefore, an
earthquake of comparable magnitude to those which occurred near Wyomissing in 1996 would be
expected to produce a PGA at the SLDA of much less than 0.01 g.

3.2.4 Soils and Topography
Soils and topography are important site characteristics because erosion and landslide hazards
may affect the performance of the SLDA. Figure 3.3 is a map of soil units at the SLDA (SCS 1977).
Water courses and wetlands also are shown.
The following soil descriptions for the valley of Dry Run begin with those along the
Kiskiminetas River and proceed orderly upstream. Soils adjacent to the Kiskiminetas River are either
disturbed by urban development or belong to the Steff series (SCS 1977), designated Ur and Sf,
respectively, in Figure 3.3. Steff soils are silty loams to silty clay loams that range from poorly to
moderately well drained. They are usually deposited in thick layers and lie on nearly level
floodplains and terraces. Runoff from Steff soils is slow, permeability is moderate, and the erosion
hazard is slight.
Dry Run soils above the floodplain of the Kiskiminetas River belong to the Weikert-Gilpin
association (GwD in Figure 3.3) and the Rainsboro silt-loam series (RaB and RaA, respectively, in
Figure 3.3). Exposures of GwD are interrupted where they have been disturbed by strip-mining. Dry
Run flows adjacent to the northeast edge of Trench 10, which was excavated in mine spoil. Dry Run
flows across the mine spoil and infiltrates almost entirely into the mine except during intense storms
and prolonged periods of precipitation (see Section 3.3.2.2).
Generally, GwD soils are well drained and shallow to moderately deep silt loams of moderate
permeability. These soils lie on slopes ranging from 15 to 25 percent; run-off is rapid. After they
have been disturbed, GwD soils have a high erosion hazard (SCS 1977).
Generally, RaB soils are deep and moderately well drained silt loams with moderately slow
permeability. Slopes range from 3 to 8 percent on undulating to rolling stream terraces. The runoff
rate is moderate. After they have been disturbed, RaB soils have a moderate erosion hazard (SCS
1977). RaA soils are found along the headwaters of Dry Run. They are similar to RaB soils except
that they lie on flatter slopes (0 to 3 percent) and are more erosion resistant. The SCS has designated
RaA and RaB soils as prime farmland and farmland of statewide importance, respectively.
The northwest end of the SLDA is a strip-mined area which was back-filled with mine spoil
(designated Sm in Figure 3.3). Later, Trench 10 was excavated in the mine spoil. Mine spoil has a
high erosion hazard (SCS 1977). However, vegetation growing on Trench 10 will inhibit erosion.
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Figure 3.3. Map of the soil units at the SLDA.
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Soils along the mid-section of the SLDA are moderately permeable Allegheny silt loams on 3 to
8 percent slopes (AIB in Figure 3.3). Exposures of AIB are interrupted where they have been
disturbed by strip-mining. After these soils are disturbed, they have a moderate erosion hazard. The
SCS (1977) has designated AIB soils as prime farmland.
Soils beneath the southeast half of the SLDA are Rainsboro silt loams like those in the middle
and upper reaches of Dry Run.
Mitigation measures to prevent erosion and landslides are discussed in Section 4.2.2.2. Without
mitigation, soils along some reaches of Dry Run have a high erosion hazard. The erosion hazard is
particularly high where the stream gradient is high and where adjacent stream banks are steep. Slopes
are generally stable except where they are undercut during flood conditions on Dry Run.
Without mitigation, the mine spoil area in the vicinity of Trench 10 also has a high erosion
potential. The relatively steep slope above the high wall of the abandoned coal mine also may be
unstable.
Lindsey (1995) notes that steep slopes are commonly unstable in western Pennsylvania where
Conemaugh group strata are exposed. The Conemaugh group is exposed in a steep-sloped mine
bench immediately upslope from Trench 10. Steep slopes and Conemaugh exposures also occur in
the middle reaches of Dry Run. According to Lindsey, steep slopes where Conemaugh redbeds are
interbedded with shales and mudstones are the most unstable. To date, redbeds have not been
identified in the SLDA. According to Lindsey, large-scale landslides in the Conemaugh group have
not occurred in Armstrong County.
Based on trench perimeter sampling conducted in 1993 (ARCO/B&W 1993), uranium is the
primary radiological contaminant of concern in the upper trench area (i.e., Trenches I through 9).
Activities in soil are generally confined within trench boundaries, except for a few small, discrete
areas.
In the lower trench area (i.e., Trench 10), 24 1Am was detected in surface soil samples taken from
an area near the southwestern corner of the trench in 1993, and in surface soil grab samples collected
in 1995 to the southwest of the trench (ARCO/B&W 1996). 24
"Am concentrations ranged from
approximately 0.1 to 62 pCi/g (0 to 2.3 Bq/g). Selected soil samples with the highest 241Am
concentrations were analyzed for plutonium. Plutonium was found in these samples at concentrations
ranging from approximately 25 to 63 pCi/g (1 to 2.3 Bq/g). The results of downhole gamma logging
in boreholes in Trench 10 indicate that the concentrations of 241 Am in trench solids is less than
1 pCi/g (0.04 Bq/g). Although detection limits for these samples ranged from 2-16 pCi/g (0.070.6 Bq/g) (indicating that there could be up to 16 pCi/g (0.6 Bq/g) Am in the soils of Trench 10), the
Am soil contamination levels in Trench 10 would still be below NRC's release criteria. Therefore,
based on this soil sampling information which shows the highest contamination on the surface, burial
records which do not indicate that Am and Pu were buried in this trench, and statements from B&W
and ARCO indicating that this area had been used for Parks Facility equipment storage, it is
reasonable to assume that the Am and Pu contamination is a result of surface soil contamination and
not from Am and Pu buried in Trench 10. However, B&W has committed to remediating any Am or
Pu contamination which is above NRC unrestricted release criteria, 30 pCi/g (I. 1 Bq/g) for Am and
25 pCi/g (I Bq/g) for Pu (NRC 1983). During this remediation, additional sampling will be
performed to determine the extent of this contamination and any area exceeding NRC release criteria
will be remediated even if it extends to depth in the trench.
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3.3 HYDROLOGY
Characteristics and use of groundwater and surface water resources in the SLDA vicinity are
described below.
3.3.1 Groundwater
The following discussion of groundwater hydrology and water quality is based on information
contained in ARCO/B&W (1993), ARCO/B&W (1995), and ARCO/B&W (1996). The
hydrogeologic regimes in the upper and lower trench areas are fundamentally different from each
other. The upper trenches (I through 9) are excavated into approximately 7.5 m (25 fR) of Pleistocene
terrace deposits that overlie 16.5 to 24 m (55 to 80 ft) of shale and sandstone of the lower
Conemaugh and Allegheny groups, which in turn overlie the Upper Freeport coal seam. Trench 10, in
the lower trench area, was excavated into coal mine spoils in an area where the Upper Freeport coal
had been strip mined. Trench 10 rests on the underclay which is found beneath the Upper Freeport
coal seam. Therefore, the groundwater hydrology of the two trench areas will be discussed
separately.
3.3.1.1 Upper Trench Area
Groundwater flow in the upper trench area at the SLDA site occurs in nine hydrostratigraphic
units which are-in descending order from the ground surface-soil, weathered bedrock, first shallow
bedrock zone, first shale, second shallow bedrock zone, second shale, Upper Freeport coal mine
workings, underclay, and deep bedrock.
The soil, first shallow bedrock zone, second shallow bedrock zone, coal mine workings, and
deep bedrock contain aquifers. The weathered bedrock, first shale, second shale, and underclay are
confining units. Descriptions of these units are found on Figure 3.1. Trenches 1 through 9 are
excavated into the soil and are intermittently saturated, especially during periods of heavy
precipitation during the winter and early spring when groundwater levels are elevated. Because the
vertical hydraulic conductivities of the confining units-which range from 1.2 x 10- cm/s to 3.2 x
10-' cm/s-are less than the infiltration rate of 3.8 x 10-' cm/s, groundwater is perched in the soil,
first shallow bedrock, and second shallow bedrock aquifers. Because of the relatively high horizontal
hydraulic conductivities in the first and second shallow bedrock zones, flow in these aquifers is
primarily horizontal and is much faster than the predominantly vertical flow through the confining
units.
Figures 3.4 through 3.7 show water level contour maps that are based on groundwater level
measurements taken in temporary waste sampling-points (TWSPs), piezometers (PZ), and monitoring
wells (MW) in January 1996 for the soil, first shallow bedrock zone, second shallow bedrock zone,
and deep bedrock aquifer beneath the Upper Freeport coal. As shown by these maps, groundwater
flow in the soil is to the north toward Dry Run; groundwater flow in the first shallow bedrock zone is
also to the north toward Dry Run; groundwater flow in the second shallow bedrock zone is toward
the north-northeast; and groundwater flow in the deep bedrock aquifer is toward a closed depression
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Figure 3.4 Groundwater elevation contours in the soil aquifer, January 1996.

m

m

m

-

s -o

m

m,

m

s

m-

m

OmR4L-OWG 96M-5655

U

0

-4

Figure 3.5. Groundwater elevation contours in the first shallow bedrock aquifer, January 1996.
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Figure 3.7. Groundwater elevation contours in the deep bedrock aquifer, January 1996.
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beneath Trench I in the central part of the site. In addition, there appear to be groundwater
depressions in the soil, first shallow bedrock, and second shallow bedrock aquifers to the northeast of
Trench I and south of Dry Run. These apparent groundwater depressions may be artifacts of the
groundwater level data, or they may be due to vertical leakage out of these aquifers caused by
vertical fractures or a poorly abandoned gas well in the vicinity (see Section 3.2.2.2).
Since groundwater elevations in the soil are higher than the elevation of Dry Run, a part of the
groundwater in the soil discharges into Dry Run, especially during the wet part of the year.
Groundwater from the first shallow bedrock zone may also discharge to Dry Run just upstream of the
weir since groundwater elevations in the aquifer are comparable to the elevation of this part of Dry
Run.
The Upper Freeport coal mine aquifer exhibits open channel flow. Therefore, flow in this
aquifer is controlled by the elevation of the coal mine floor. Groundwater elevation contours in the
aquifer, determined from monitoring wells and the coal mine map, are shown on Figure 3.8. As
shown by this figure, flow in the coal mine aquifer beneath the upper trench area should be toward
the closed structural basin to the south-southeast. The underclay below the coal functions to limit
downward movement of groundwater from the coal mine aquifer. Vertical percolation of
groundwater from the mine is also impeded because the mine drains freely, preventing water from
building up and developing a sufficient hydraulic head to drive the water downward.
Plots of the average groundwater elevations in the soil and first shallow bedrock aquifer are
shown in Figures 3.4 and 3.5, and flow over the Dry Run weir from 1993 through 1995 is shown on
Figure 3.9. In general, groundwater levels in these two aquifers are higher in the winter and spring
than in the summer and fall. The levels are correlated with higher surface water flows in Dry Run
during the winter and spring and near-zero flows in the summer and fall (see Section 3.3.2.2). These
phenomena can be explained by the increased rate of evapotranspiration in the summer and fall
which prevents water infiltrating into the soil from recharging groundwater. In the winter and spring,
when evapotranspiration is low, precipitation which infiltrates into the soil recharges the
groundwater, causing levels to rise. These rising groundwater levels cause more groundwater to be
discharged to surface water bodies, resulting in higher base flows in streams. In addition, since the
soil is saturated and may be frozen in the winter and early spring, more precipitation runs off and less
infiltrates into the soil than during the summer and fall. This also results in increased surface water
flows.
Groundwater quality for wells in the soil, weathered bedrock zone, first shallow bedrock
aquifer, first shale, second shallow bedrock aquifer, coal mine aquifer, and deep bedrock aquifer are
summarized in Tables 3.6 through 3.13. The general water quality data of the aquifers beneath the
site found during the 1995 groundwater sampling, are listed in Table 3.14.
The only trench constituents that have been consistently detected in groundwater downgradient
of Trenches I through 9 have been VOCs. Organic compounds have been detected in piezometers
PZ-1, PZ-2, and PZ-3A and monitoring wells MW-26, MW-27, MW-29, and MW-44, which are
located between Trenches 1 through 9 and Dry Run. Gross alpha and/or gross beta levels, which
were elevated above background levels, have been observed in at least one quarterly sample in seven
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Figure 3.8. Groundwater elevation contours in the Upper Freeport coal mine aquifer (including the mine spoil near
Trench 10), January 1996.
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Table 3.6. Chemical concentrations and radioactivity in wells monitoring the Surficial Soil Zone
Volatile organics (jig/L)

Radiological

Well ID

Distance to
nearest
trench (fi)

Nearest
trench
number

Values

MW-i IS

72

1

PZ-01

0

I

Gross
alpha
(pci/L)

Gross
beta
(pci/L)

I,1dichloroethane

1,2dichloroethene
(total)

Trichlorethene

Vinyl
chloride

1,1,1trichlorethane

Chloroform

Most recent:

0.35

2.26

U°

U

U

U

U

U

Mean:

1.28

2.30

NA

NA

NA

NA

NA

NA

Standard

0.96

1.50

NA

NA

NA

NA

NA

NA

Most recent:

4.31

2.26

I1

120

25

6

U

U

Mean:

9.24

5.30

102.00

727.50

69.25

288.57

22.50

NA

Standard
PZ-02

W.

PZ-03

PZ-06

PZ-07

PZ-08

PZ-09

27

41

8

16

119

256

1

2

6

8

9

8

18.42

10.03

136.90

653.52

34.71

325.06

20.50

NA

Most recent:

2.40

2.05

50

43

100

U

35

U

Mean:

5.72

7.85

31.86

72.00

107.00

4.00'

26.33

NA

Standard

8.29

9.37

13.22

33.08

27.92

0.00'

8.28

NA

Most recent:

2.79

4.74

43

10

U

U

22

U

26.75

NA

Mean:

3.17

9.57

80.83

17.00

2.00'

NA

Standard

1.53

13.65

98.13

9.90

0.00'

NA

12.40

NA

Most recent:

0.80

1.26

29

12

U

U

42

U

Mean:

4.18

3.32

30.67

13.50

2.00

5.00'

55.20

NA

Standard

9.11

4.59

18.77

5.80

1.00

0.00'

16.44

NA

Most recent:

0.39

1.83

U

U

U

U

U

U

Mean:

1.24

2.29

NA

NA

NA

NA

NA

NA

Standard

1.00

1.38

NA

NA

NA

NA

NA

NA

Most recent:

0.06

2.29

U

U

U

U

U

U

Mean:

2.01

3.69

NA

NA

NA

NA

NA

NA

Standard

3.10

4.35

NA

NA

NA

NA

NA

NA

Most recent:

1.03

1.20

U

U

U

U

U

O

Mean:

2.73

3.33

NA

NA

NA

NA

NA

NA

Standard

7.96

5.88

NA

NA

NA

NA

NA

NA

TqJ not detected.
bj = Estimated value, below detection level.
'Mean and standard deviation based on only one sample.
Notes: PZ-4 isnot included due to insufficient sample (dry) since this piezometer was installed.
PZ-5 is not included due to insufficient sample (dry) since this piezometer was installed.
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Table 3.7. Chemical concentrations and radioactivity in wells monitoring the Surficial Soil Zone
Radiological
Distance to

Volatile organics (/ig/L)

Nearest

Gross

Gross

alpha

beta

II-

dichloroethene

(pCi/L)

(pCi/L)

dichloroethane

(total)

1,2Vinyl

1,II-

Trichlorethene

chloride

trichlorethane

Chloroform

U

U

U

U

U

NA

NA

NA

NA

NA

NA

Well

nearest

trench

ID

trench (f1)

number

Values

73

5

Most recent:

0.12

2.03

U"

Mean:

1.39

3.59

S-I
iCJ

S-2

SS-!

SS-2

106

20

14

1

4

2

Standard

1.29

1.82

NA

NA

NA

NA

NA

NA

Most recent:

0.17

2.49

U

U

U

U

U

U

Mean:

2.13

2.76

NA

NA

NA

NA

NA

NA

Standard

3.53

1.14

NA

NA

NA

NA

NA

NA

Most recent:

2.08

4.49

2P

U

U

U

U

U

Mean:

2.81

6.77

14.40

NA

NA

21.60

NA

NA

Standard

3.98

2.76

3.26

NA

NA

12.24

NA

NA

Most recent:

1.14

4.24

U

U

U

U

U

U

Mean:

6.19

4.46

NA

NA

NA

NA

NA

NA

NA

NA

NA

10.08

2.24

NA

NA

NA

Most recent:

0.85

1.45

U

U

U

U

U

U

Mean:

2.51

2.61

NA

NA

NA

NA

NA

NA

Standard
SS-3

SS-4

SS-5

45

160

205

1

1

10

Standard

5.80

3.27

NA

NA

NA

NA

NA

NA

Most recent:

0.33

2.44

U

U

U

U

U

U

Mean:

1.79

3.05

NA

NA

NA

NA

NA

NA

Standard

1.58

2.31

NA

NA

NA

NA

NA

NA

Most recent:

0.36

1.37

U

U

U

U

U

U

Mean:

2.64

3.63

NA

NA

NA

NA

NA

NA

Standard

1.69

1.92

NA

NA

NA

NA

NA

NA

"U = Not detected.
bj = Estimated value, below detection level.
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Table 3.8. Chemical concentrations and radioactivity in wells monitoring the Weathered Bedrock Zone
Volatile organics (pg/L)

Radiological

Well ID
MW-09

MW-10

MW-13

Distance
to nearest
trench (ft)
126

15

110

Nearest
trench
number

8

7

8

L.J
U.)

MW-14

MW-15

MW-24

287

244

300

8

8

8

Gross
alpha
(pCi/L)

Gross
beta
(pCi/L)

1,1dichloroethane

1,2dichloroethene
(total)

Trichlorethene

Most recent:

0.34

3.80

U°

U

U

Values

-4
'.4

Chloroform

U

U

U

Mean:

1.42

5.50

NA

NA

NA

NA

NA

NA

Standard dev.:

151

12.95

NA

NA

NA

NA

NA

NA

Most recent:

3.5'

22'

16'

23'

U

130'

U

U

Mean:

2.65

6.04

25.44

40.63

NA

52.63

NA

NA

Standard dev.:

1.10

4.42

16.57

29.01

NA

34.29

NA

NA

Most recent:

1.65

2.31

U

U

U

U

U

U

Mean:

3.11

4.15

NA

NA

NA

NA

NA

NA

Standard dev.:

6.40

6.60

NA

NA

NA

NA

NA

NA

Most recent:

1.06

2.09

U

U

U

U

U

U

Mean:

1.74

2.62

NA

NA

NA

NA

NA

NA

Standard dev.:

1.83

1.96

NA

NA

NA

NA

NA

NA

Most recent:

1.14

3.26

U

U

U

U

U

U

Mean:

2.24

3.75

NA

NA

NA

NA

NA

NA

Standard dev.:

2.84

2.37

NA

NA

NA

NA

NA

NA

Most recent:

0.96

1.05

U

U

U

U

U

U

NA

NA

NA

NA

Mean:

1.31

7.15

NA

NA

NA

NA

Standard dev.:

0.51

16.70

NA

NA

NA

NA

'U = not detected.
bMW-10 was abandoned in September of 1995. Data presented here is from May 1995.

C'

1,1,1trichlorethane

Vinyl
chloride

I

Table 3.9. Chemical concentrations and radioactivity in wells monitoring the First Shallow Bedrock Aquifer
Radiological

Well ID
MW-07

MW-08

Distance to
nearest
trench (f1)

Nearest
trench
number

102

I

141

1

Values

Gross
alpha
(pCi/L)

Volatile organics (Aig/L)

Gross
beta
(pCi/L)

IIdichloroethane

1,2dichloroethene
(total)

Trichlorethene

Vinyl
chloride

1,1,1trichlorethane

Chloroform

Most recent:

2.69

4.43

U,

U

U

U

U

U

Mean:

2.31

3.88

NA

NA

NA

NA

NA

NA

Standard dev.:

1.39

1.42

NA

NA

NA

NA

NA

NA

Most recent:

0.84

2.70

U

U

U

U

U

U

Mean:

1.57

4.22

NA

NA

NA

NA

NA

NA

Standard dev.:

1.13

4.26

NA

NA

NA

NA

NA

NA

Most recent:

1.84

1.75

36

29

24

U

U

U

Mean:

2.12

4.16

34.75

27.50

22.14

12.25

NA

NA

Standard dev.:

0.91

2.80

11.70

5.52

1.73

1.79

NA

NA

Most recent:

1.57

2.22

U

U

U

U

U

U

Mean:

2.16

3.52

NA

NA

NA

NA

NA

NA

Standard dev.:

1.09

1.14

NA

NA

NA

NA

NA

NA

Most recent:

0.27

3.31

U

21

22

U

U

U

Mean:

2.00

3.73

12.00

24.33

32.83

NA

NA

NA

Standard dev.:

0.96

1.62

2.00

9.14

10.12

NA

NA

NA

Most recent:

86.17

81.16

U

U

U

U

U

U

Mean:

31.11

31.63

100W

NA

NA

NA

NA

NA

Standard dev.:

38.94

35.05

OW

NA

NA

NA

NA

NA

Most recent:

2.68

4.52

U

U

U

U

U

U

Mean:

1.86

4.89

NA

NA

NA

NA

NA

NA

Standard dev.:

0.76

1.92

NA

NA

NA

NA

NA

NA

Most recent:

2.05

3.05

31'

U

U

U

U

U

Mean:

2.68

3.58

NA

NA

NA

NA

NA

NA

Standard dev.:

0.63

0.53

NA

NA

NA

NA

NA

NA

Most recent:

8.21

4.19

U

2J

2Y

U

U

U

C)'

MW-12D

MW-25

MW-26

MW-27

MW-32

MW-38

MW-41

MW-42

29

8

39

19

114

16

9

II

T = not detected.
_,an
aAWsdard d
value
= Est

-

2

I

2

4

I

7

I

I

Mean:

4.32

4.28

NA

NA

NA

NA

NA

NA

Standard dev.:

3.89

0.09

NA

NA

NA

NA

NA

NA

Most recent:

5.32

6.37

U

U

U

U

U

U

Mean:

5.01

8.67

NA

NA

NA

NA

NA

NA

Standard dev.:

0.31

2.30

NA

NA

NA

NA

NA

NA

-

.

n basednM~amly on_.
e,.
dete

-

-

m

-

m

-d

m

mm

1

m

an

m =

Table 3.10. Chemical concentrations and radioactivity in wells monitoring the First Shale Zone
Volatile organics (pgfL)

Radiological
Distance
to nearest
trench (ft)

Well
ID
MW-28

MW-29

MW-43

MW-44

31

92

14

16

Nearest
trench
number
4

I

2

6

Gross
alpha
(pCi/L)

Gross
beta
(pCi/L)

IIdichloroethane

1,2dichloroethene
(total)

Trichlorethene

Vinyl
chloride

1,1,1trichlorethane

Most recent:

6.40

6.50

69

U.

U

U

61

U

Values

Mean:

6.02

8.17

104.50

NA

NA

NA

80.50

NA

Standard dev.:

1.85

2.42

35.50

NA

NA

NA

19.50

NA

Most recent:

6.59

4.51

5P

120

69

I Pb

U

U

47.50

NA

NA

NA

Mean:

8.49

6.82

NA

61.20

Standard dev.:

11.84

7.10

NA

32.39

17.04

NA

NA

NA

Most recent:

4.20

4.44

U

U

U

U

U

U

Mean:

3,70

4.21

NA

NA

NA

NA

NA

NA

Standard dev.:

0.50

0.24

NA

NA

NA

NA

NA

NA

Most recent:

5.72

6.00

180

2 jP

I j,

U

240

3.8/1

Mean:

6.76

8.60

180,

NA

NA

NA

240'

NA

Standard dev.:

1.04

2.60

0.0(Y

NA

NA

NA

0.0(Y

NA

"U = not detected.
bj = Estimated value, below detection level.
'Mean and standard deviation based on only one sample.

C)

Chloroform

m.

m

z,

Table 3.11. Chemical concentrations and radioactivity in wells monitoring the Second Shallow Bedrock Aquifer
Volatile organics (pg/L)

Radiological

Well ID

Distance
to nearest
trench (ft)

Nearest
trench
number

MW-lID

57

I

MW-17

106

MW-33

235

MW-45

97

1

8

9

Values

Gross
alpha
(pCi/L)

Gross
beta
(pCi/L)

I,1dichloroethane

1,2dichloroethene
(total)

Trichlorethene

Vinyl
chloride

1,1,1trichlorethane

Chloroform

Most recent:

3.97

5.77

U(

U

U

U

U

3.7 J'

Mean:

5.36

6.48

NA

NA'

NA

NA

NA

NA

Standard dcv.:

3.95

4.08

NA

NA

NA

NA

NA

NA

Most recent:

3.30

5.50

U

U

I j,

U

U

U

Mean:

4.09

12.75

NA

60'

24'

NA

NA

NA

Standard dev.:

3.07

6.08

NA

0.00,

0.00,

NA

NA

NA

Most recent:

2.71

4.32

5 jP

U

U

U

7 JP

U

Mean:

3.78

7.03

NA

NA

NA

NA

NA

NA

Standard dev.:

1.80

4.16

NA

NA

NA

NA

NA

NA

Most recent:

1.14

197.90

U

U

U

U

U

5.9J,

Mean:

1.17

144.75

NA

NA

NA

NA

NA

NA

Standard dev.:

0.03

53.15

NA

NA

NA

NA

NA

NA

I

i

"U = not detected.
'J = Estimated value, below detection level.
CMean and standard deviation based on only one sample.
Notes: MW-I8 is not included because it was not sampled due to the well being blocked by a bailer.
MW-37 is not included because it has been dry since installation.
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Table 3.12. Chemical concentrations and radioactivity in wells monitoring the Upper Freeport Mine Horizon
Radiological

Well ID
MW-0I

MW-02A

MW-03

MW-05

Distance to
nearest
trench (f1)

Nearest
trench
number

38

10

83

96

65

10

10

10

t-J

-1

MW-06

MW-20

MW-30

MW-31

MW-39

MW-46

96

88

358

492

116

38

10

10

8

I

10

I

Values

Gross
alpha
(pCiIL)

Volatile organics (pg/L)

Gross
beta
(pCi/L)

IIdichloroeihane

1,2dichloroethene
(total)

Vinyl
chloride

Trichlorethene

IlItrichlorethane

Chloroform

Most recent:

4.99

7.93

Ul

U

U

U

U

U

Mean:

2.15

3.78

NA

NA

NA

NA

NA

NA

Standard dev.:

1.07

1.93

NA

NA

NA

NA

NA

NA

Most recent:

4.99

7.93

U

U

U

U

U

U

Mean:

2.24

5.75

NA

NA

NA

NA

NA

NA

Standard dev.:

2.97

3.71

NA

NA

NA

NA

NA

NA

Most recent:

81.20

68.36

U

U

U

U

U

U

Mean:

41.58

30.99

NA

NA

NA

NA

NA

NA

Standard dev.:

32.33

25.23

NA

NA

NA

NA

NA

NAN

Most recent:

3.10

2.37

U

U

U

U

U

U

Mean:

2.15

3.99

NA

NA

NA

NA

NA

NA

Standard dev.:

0.74

4.14

NA

NA

NA

NA

NA

NA

Most recent:

0.06

8.05

U

U

U

U

U

U

Mean:

4.21

5.74

NA

NA

NA

NA

NA

NA

Standard dev.:

3.73

3.73

NA

NA

NA

NA

NA

NA

Most recent:

17.17

17.82

U

U

U

U

U

U

Mean:

8.54

12.65

NA

NA

NA

NA

NA

NA

Standard dev.:

5.04

5.50

NA

NA

NA

NA

NA

NA

Most recent:

8.22

48.19

U

U

U

U

U

U

Mean:

9.55

52.86

NA

NA

NA

NA

NA

NA

Standard dcv.:

4.68

13.29

NA

NA

NA

NA

NA

NA

Most recent:

3.32

11.38

U

U

U

U

U

U

Mean:

8.02

15.75

NA

NA

NA

NA

NA

NA

Standard dev.:

4.61

7.74

NA

NA

NA

NA

NA

NA

Most recent:

5.14

18.13

U

U

U

U

U

U

Mean:

4.92

17.82

NA

NA

NA

NA

NA

NA

Standard dev.:

0.22

0.32

NA

NA

NA

NA

NA

NA

Most recent:

4.88

20.02

U

U

U

U

U

U

Mean:

4.88'

20.02'

NA

NA

NA

NA

NA

NA

Standard dev.:

0.001

0.001

NA

NA

NA

NA

NA

NA

'U = not detected.
'Mean and standard deviation based on only one sample.
Notes: MW-A is not included since it was abandoned in September of 1995.
MW-16 is not included since it has been dry since it was installed.
MW-21 is not included since it has been dry since it was installed.
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Table 3.13. Chemical concentrations and radioactivity in wells monitoring the Deep Bedrock Aquifer
Radiological

Well ID
MW-02

90

MW-16BC

MW-19

00

MW-22

122

6

10

10

134

t0

82

MW-34A

MW-35

133

I

120

MW-36

I

10

95

MW-40

"U

MI

Nearest
trench
number
10

140

MW-23

Im

Distance
to nearest
trench (ft)

251

8

Volatile organics (ug/L)

Gross
alpha
(pCi/L)

Gross
beta
(pCi/IL)

I,1dichloroethane

1,2dichloroethene
(total)

Trichlorethene

Vinyl
chloride

1,1,1trichlorethane

Chloroform

Most recent:

8.90

6.39

U.

U

U

U

U

U

Mean:

5.98

10.38

NA

NA

NA

NA

NA

NA

Standard dev.:

4.20

5.25

NA

NA

NA

NA

NA

NA

Most recent:

5.18

4.02

U

U

U

U

U

U

Values

Mean:

5.26

12.07

NA

NA

NA

NA

NA

NA

Standard dev.:

3.93

4.69

NA

NA

NA

NA

NA

NA

Most recent:

1.10

1.83

U

U

U

U

U

U

Mean:

3.81

7.57

NA

NA

NA

NA

NA

NA

Standard dev.:

2.39

8.31

NA

NA

NA

NA

NA

NA

Most recent:

2.14

8.13

U

U

U

U

U

U

Mean:

5.63

9.29

NA

NA

NA

NA

NA

NA

Standard dev.:

3.14

3.07

NA

NA

NA

NA

NA

NA

Most recent:

6.94

858

U

U

U

U

U

U

Mean:

5.99

9.87

NA

NA

NA

NA

NA

NA

Standard dcv.:

3.93

3.40

NA

NA

NA

NA

NA

NA

Most recent:

3.00

3.17

U

U

U

U

U

U

Mean:

3.85

14.43

NA

NA

NA

NA

NA

NA

Standard dev.:

11.51

18.76

NA

NA

NA

NA

NA

NA

Most recent:

11.66

8.19

U

U

U

U

U

U

Mean:

5.53

14.22

NA

NA

NA

NA

NA

NA

Standard dev.:

3.88

20.39

NA

NA

NA

NA

NA

NA

Most recent:

8.42

8.21

U

U

U

U

U

U

Mean:

3.44

8.01

NA

NA

NA

NA

NA

Standard dev.:

1.99

3.49

NA

NA

NA

NA

NA

NA

Most recent:

5.97

1.96

U

U

U

U

U

15

Mean:

5.94

2.83

NA

NA

NA

NA

NA

NA

Standard dev.:

0.03

0.87

NA

NA

NA

NA

NA

NA

.)

NA

not detected.
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Table 3.14. General groundwater quality of the aquifers beneath the SLDA site in 1995.
Aquifer

pH

Specific
conductance
(rmho/cm)

Total dissolved
solids (mg/L)

Total suspended
solids (mg/L)

Shallow soil

5.43 - 6.59

68 - 154

63 - 169

180 - 2020

1"shallow bedrock

7.38 -8.83

231 -443

128 -268

1 -375

2"d shallow bedrock

7.21

319 - 694

175 -488

58 - 240

-

10.01

Upper Freeport coal

3.23

1.130

67

12,500

Deep bedrock

8.58

419

154

22

monitoring wells and four piezometers in the upper trench area. However, only two piezometers,
PZ-2 and PZ-6, had gross alpha levels exceeding the drinking water standard of 15 pCi/L in 1991.
Gross alpha readings from these two piezometers have been significantly lower in subsequent
samples. In addition, the semi-volatile organic compound (SVOC) tributylphosphate (TBP) and the
metals lead and thallium were detected in wells downgradient of the trenches in 1993. These
chemicals were not detected in these wells in 1995. Detection of VOCs, TBP, lead, thallium, and
gross alpha in groundwater downgradient of the trenches suggests that releases have occurred from
the trenches.
3.3.1.2 Lower Trench Area
Trench 10 was excavated into mine spoil and abuts the coal mine workings instead of overlying
them. The trench floor is on the underclay beneath the coal seam and does not overlie shallow
bedrock as do the trenches in the upper trench area. The thickness of the mine spoil in borings in the
vicinity of Trench 10 ranges from approximately 5.5 to 9 m (18 to 30 ft) and averages approximately
6 m (20 ft). The hydraulic conductivity values in these unconsolidated materials range from about
9.5 x 10-2 cm/s to 2.0 x 10-' cm/s. The saturated thickness of this unit ranges from zero to about I m
(3 ft). Based on the coal mine floor elevation contours, shown on Figure 3.2, groundwater flow in the
area of Trench 10 should be toward the north, from the coal mine through the trench. However, based
on groundwater elevation contours measured in TWSPs and wells in the vicinity of Trench 10
(Figure 3.8), there is a groundwater mound in the vicinity of Trench 10; and groundwater should
flow away from the trench to the north-northwest and to the south-southeast toward the coal mine.
Other than during storm periods, water from Dry Run disappears in the mine fill area. Thus, it is
possible that most of the water that enters Dry Run from the upper trench area flows into the mine
fill, downward into the coal mine, and then southward.
No VOCs have been detected in samples from wells in the lower trench area. Gross alpha and
gross beta levels, elevated above background levels, have been observed in samples from MW-3 and
elevated gross beta levels have been observed in samples from MW-4. Both of these wells are
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screened in the coal mine directly adjacent to Trench 10. Analysis of samples from MW-3 by alpha
spectroscopy indicates that a large fraction of the gross alpha activity observed in this well comes
from naturally occurring uranium and its daughter isotopes. Only a small fraction of the gross alpha
concentration in this well, constituting about 5 percent of the EPA proposed uranium maximum
contamination level (MCL) of 30 pCi/L (I.1 Bq/L), can be attributed to enriched uranium from
Trench 10. MW-3 was dry in 1995; therefore, no samples could be collected from this well. Analysis
of samples from MW-4 by gamma spectrometry demonstrates that the elevated beta activity in this
well is attributable to naturally occurring potassium, with some contribution from uranium decay
products not associated with the uranium in Trench 10. Only very low levels of potassium were
found in trench leachate samples from Trench 10. However, high concentrations of potassium are
known to occur in the clays and bentonite used in well construction. Therefore, a likely source of the
potassium, and the elevated gross beta activity, in MW-4 is leakage of small quantities of well
construction materials into the completed well. A new well, MW-39, was installed to replace MW-4.
Monitoring results from this new well indicated very low gross alpha and gross beta levels.
Americium and plutonium have not been detected in any samples collected from monitoring wells
around Trench 10.
3.3.1.3 Groundwater Use
Based on information obtained from an inventory (prepared by the licensee) of wells within
approximately 2 km (1 mile) of the site (ARCO/B&W 1993), groundwater supplies for domestic use
are obtained from wells drilled into deep bedrock aquifers below the Upper Freeport coal seam.
Therefore, these wells would not be expected to be affected by site operations, as contaminants from
the trenches would not be likely to migrate below the coal mine aquifer.
3.3.2 Surface Water
Local drainages are shown in Figure 3.3. The Kiskiminetas River flows in a northerly direction
and about 0.4 km (0.25 mile) west of the SLDA. Several local and intermittent tributaries enter the
Kiskiminetas River from the east. These include Dry Run, which bounds the SLDA on the northeast
side and flows to the Kiskiminetas only during periods of heavy precipitation, and Carnahan Run,
which flows within 0.8 km (0.5 mile) of the southeast side of the site. Three short, unnamed streams
flow into the Kiskiminetas River between Dry Run Creek and Carnahan Run. Lee Lake, a
recreational site on Carnahan Run, is about one-half mile south and slightly east of the site.
3.3.2.1 Normal and Peak Flows in the Kiskiminetas River
Flow measurements on the Kiskiminetas River were obtained from a gaging station located at
Vandergrift, about 5.5 km (3.5 miles) upstream from the SLDA (ARCO/B&W 1993). The annual
mean flow rate reported for the water years 1938 to 1991 was 88 m3/sec (3100 ft3/sec). The measured
peak flow rate was 2039 m3/sec (72,000 ft3/sec) at a peak river stage of 7.8 m (25.7 ft), on March 31,
1940. However, before the period of record the Kiskiminetas River reached a flood stage of 12.7 m
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(41.6 ft) on March 18, 1936. The estimated peak flow during the 1936 flood was 5239 m3/sec
(185,000 ft3/sec.)
ARCO/B&W (1993) summarized the COE analysis of floods on the Kiskiminetas River (no
citation). Adjacent to the SLDA, the 100-year and probable maximum flood (PMF) elevations with
and without upstream dam failures were 238, 255, and 249 m (780, 836, and 816 ft) above MSL,
respectively. The lowest ground surface and floor elevations of Trench 10 are 257 and 254 m (844
and 833 ft) above msl, respectively. The floor of Trench 10 is 0.6 m (2 ft) below the elevation of the
PMF with dam failure (an unlikely event). Therefore, it is unlikely that Trench 10 would ever be
inundated by a flood on the Kiskiminetas River. Trenches 1-9 are much further upslope from Trench
10 and would not be inundated by a flood.
3.3.2.2 Normal and Peak Flows in Dry Run
Surface runoff from the upper trenches area enters Dry Run. Figure 3.9 shows a histogram of
average weekly discharge rate over the weir on Dry Run from October 1993 to May 1995
(ARCO/B&W 1995). The highest weekly average flow rate [0.02 m3/s (0.8 ft3/s), was recorded
during the week of January 21, 1994. The average annual flow rate is approximately 0.005 ma/s
(0.2 ft3/s) and near zero from May through November. Estimated 100-year and PMF discharges on
Dry Run (ARCO/B&W 1995) are 4.2 and 13.3 m3/s (150 and 476 ft3/s), respectively, at its
confluence with the Kiskiminetas River.
A landslide could occur along the slopes between the upper trenches and Dry Run exposing the
wastes during an extreme flood. The PMF reaches the edge of Trench 3 (ARCO/B&W 1993). Even
smaller floods could erode the toe of the slope and thereby decrease slope stability.
Rainfall measurements (also shown on Figure 3.9) do not correlate well with discharge
measurements for the weir on Dry Run. As discussed in Section 3.3.1.1, there is a better correlation
between rainfall and shallow water table measurements. The near zero and peak surface flow rates in
summer and winter, respectively, are attributed to higher evapotransporation and infiltration rates in
summer and the presence of frozen ground in the winter which reduces infiltration. Significant
surface flow in Dry Run reaches the Kiskiminetas River only during large storm events in the winter.
Rainfall on the mine spoil/coal seam outcrop and on Trench 10 infiltrates into the abandoned
coal mine. Much of the surface flow, as well as underflow, of Dry Run also infiltrates into mine spoil
and ultimately to the abandoned coal mine. The coal mine water drains to springs on the north slopes
of Carnahan Run (see Section 3.3.1 details). The only observed spring (downstream of Lee Lake) had
an estimated flow rate of 0.003 to 0.006 m 3/sec (0.1 to 0.2 f-/sec) (based on a one-time only visual
observation) during the summer of 1995. This compares to near zero discharge over the weir on Dry
Run during the summer of 1994. Summer 1995 flow rates on Dry Run are not currently available.
3.3.2.3 Contaminants in Dry Run and Carnahan Run
Currently, some sediment samples taken from the bed of Dry Run and water samples taken from
groundwater seeps along the banks of Dry Run show levels of radioactivity that are above
background levels, but below the NRC unrestricted use criterion. Table 3.15 lists total uranium
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Table 3.15. Chemical concentrations and radioactivity in Dry Run
seeps and stream sediment sampling locations
Gamma spectroscopy
Sample location

Year sampled

Total uranium
(pCi/g)

Tributylphosphate

Sigma (pCi/g)

ug/kg

S-2

1993

6.4

2.91

U0

S-2

1995

20.7!

3.42

U

SS-1

1993

8.84

3.84

U

SS-1

1995

16.21

4.54

62.0

SS-2

1993

9.83

1.62

U

SS-2

1995

11.57

3.29

U

SS-3

1993

4.43

0.79

U

SS-3

1995

6.94

0.79

U

SS-4

1993

10.77

6.82

U

SS-4

1995

4.27

2.02

U

SS-5

1993

3.2

0.62

U

SS-5

1995

3.72

0.77

U

Trib 1

1995

10.51

2.59

U

Trib 2

1995

21.1

3.5

U

Trib 3

1995

16.29

3.51

U

Trib 4

1995

28.3

3.55

U

Trib 5

1995

10.52

3.21

U

Trib 6

1995

11.98

3.85

U

Average:
Standard

62.0
0.01

11.4
6.8
Mine spoil sediments

(Downgradient)
HA- 1

1995

14.45

0.94

HA-2

1995

9.84

0.80

HA-3

1995

7.97

0.85

HA-4

1995

9.39

2.09

10.41
2.43

Average:
Standard

"U = not detected.

'Mean and standard deviation are based on only one sample.
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concentrations and organic solvent concentrations for selected sample sites along Dry Run.
Concentrations for all sediment samples were below 30 pCi/g (1.1 Bq/g). These concentrations are
believed to have been caused by contaminated soils that were washed into Dry Run by erosion
following an attempt to exhume and examine wastes during the 1960s. Groundwater seeps
downgradient from Trenches 1 and 2 had measured concentrations of up to 25 pCi/L (1 Bq/L) during
initial sampling. Subsequent measurements of radioactivity in seeps did not yield results above
background levels. Usually the seeps were too dry to obtain representative samples.
The coal mine spring immediately downstream from Lee Lake on Carnahan Run has been
sampled once for the presence of trench-related contaminants. Water from Carnahan Run
downstream from the spring also has been sampled once. A gross alpha concentration of 19 pCi/L
(0.7 Bq/L) was measured in the sample from the coal mine spring. Since an alpha spectroscopy
analysis was not performed on this sample, it is uncertain whether the elevated gross alpha is due to
natural uranium or enriched uranium from the trenches. Acid mine drainage from the spring is
evident because (1) the drainage is strongly acidic, and (2) downslope surfaces are iron-stained.
The acidity in Carnahan Run suggests that the coal mine spring is the main source of acid mine
drainage in this watershed. Carnahan Run is strongly acidic in the spring-water mixing zone but less
so in both upstream and downstream areas. However, iron-stained sediments are found in both the
spring-water mixing zone and upstream reaches of Carnahan Run. Therefore, upstream areas of
Carnahan Run also are affected (to a lesser degree) by acid mine drainage.
3.3.2.4 Water Treatment Plants on the Kiskiminetas River
United States Geological Survey (USGS) topographic maps were used to locate nearby water
filtration and treatment plants on the Kiskiminetas River. A water filtration plant is located near West
Vandergrift, across from the mouth of Carnahan Run, and about 60 m (200 ft) upstream on the
Kiskirninetas River (USGS 1993a). Another water filtration plant is on Penn Run but well above
Penn Run's confluence with the Kiskiminetas River near West Leechburg (USGS 1977). A water
treatment plant is located on the floodplain of the Allegheny River at Freeport, about 900 m (3000 ft)
downstream from the confluence with the Kiskiminetas River (USGS 1993b) and approximately 13
km (8 miles) downstream from the SLDA.

3.4 CLIMATE, AIR QUALITY, AND NOISE
The following sections describe both typical and infrequent meteorological conditions of the
region, and relate the air quality and noise characteristics of the area to existing regulations and
conditions in other comparable areas.
3.4.1 Climate
The climate of southwestern Pennsylvania is broadly classified as warm-summer temperate
continental. The nearest station from which temperature records are readily available is Ford City
[20 km (12 miles) north of Leechburg], where monthly average temperatures range from -4°C
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(25 °F) in January to 21 °C (70'F) in July (Gale Research Company 1985). Temperatures at
Pittsburgh [37 km (23 miles) southwest of Leechburg] average about 1°C (2*F) warmer. Daily low
temperatures fall to the freezing point or lower on most nights from November through March. The
record low temperature at Pittsburgh is -30°C (-22°F), set January 19, 1994. Daily high
temperatures reach 32°C (90'F) or higher on only 6 days during an average summer. The record high
temperature at Pittsburgh is 39C .(103 °F), set on three different occasions (most recently, July 16,
1988). Pittsburgh record temperatures were obtained from the National Weather Service Office in
Pittsburgh.
Average annual precipitation at Ford City is around 104 cm (41 in.) (Gale Research Company
1985). This is about 12 cm (5 in.) higher than at Pittsburgh. Precipitation occurs in Pittsburgh on
about 150 days of a typical year. More days with precipitation occur in winter than in summer, but
the amount per precipitation event is greater in summer so that 40 to 45 percent of the annual amount
typically occurs from October through March, and 55 to 60 percent typically occurs from April
through September.
The site of the proposed activity is within 615 km (40 miles) of the legendary Johnstown Flood
of 1889, in which more than 2000 deaths occurred in the Conemaugh Valley when a reservoir
overtopped after heavy rains. However, according to COE analysis of floods in the region it is
unlikely that the SLDA would be inundated even under the PMF scenario (Section 3.3.2.1).
The record 24-h precipitation at Ford City is 12 cm (4.75 in.), set during October 1954, and the
maximum monthly precipitation is 27.8 cm (10.93 in.) set in June 1972 (Gale Research Company
1985). Record precipitation amounts at Pittsburgh are somewhat lower even though the period of
record is much longer (125 years as compared with 30 years). The record 24-h precipitation at
Pittsburgh is 10.4 cm (4.08 in.), set in September 1876, and the maximum monthly precipitation is
26 cm (10.25 in.), set in June, 195 1. The probable maximum 6-h precipitation in the area around
Leechburg is about 65 cm (25.5 in.) (Hershfield 1961). Because this amount is a theoretical
maximum for all time, it has not been approached in the approximately 125 years of record available
from Pittsburgh. Expected extreme precipitation amounts for various time periods are given in
Table 3.16.
Thunderstorms occur on about one day in five during the summer months, but hail only occurs
about twice per year (Eagleman 1985). Snowfall averages about 115 cm (45 in.) per year; the greatest
amount in a 24-h period was 37 cm (15 in.) in March 1962, and the greatest monthly amount at
Pittsburgh was 102 cm (40 in.) in January, 1978.
Prevailing winds in the area are from the west-southwest and average from about 3 m/s (7 mph)
in August to 5 m/s *(11 mph) in March. These wind speeds are about average for the continental
United States. Higher wind speeds are found in the central plains, and lower wind speeds are found
in sheltered areas in mountainous regions and at many sites along the west coast. The 100-year
expected maximum wind speed at Pittsburgh is 30 m/s (68 mph) (ASCE 1990).
Most adults who have grown up in western Pennsylvania can remember a tornado occurring
somewhere nearby. On average, about two tornadoes occur each year in western Pennsylvania, or
about one tornado every 10-15 years in a typical county. If an average tornado in the region has a
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Table 3.16. Expected precipitation extremes, in inches (1 in. = 2.54 cm) at Parks Township, Pennsylvania,
for selected lengths of time and return periods
Duration
Return
period
(years)

Hours
0.5

1

2

3

6

12

1

2

4

7

10

2

0.9

1.2

1.4

1.6

1.8

2.2

2.6

3.1

3.7

4.2

4.8

5

1.2

1.6

1.8

2.0

2.4

2.8

3.3

3.8

4.4

5.1

5.9

10

1.4

1.8

2.2

2.4

2.8

3.3

3.9

4.3

5.0

5.8

6.4

25

1.6

2.0

2.4

2.7

3.4

3.8

4.4

5.0

5.9

6.7

7.4

50

1.8

2.3

2.8

3.0

3.6

4.2

4.8

5.5

6.2

7.4

8.3

100

2.0

2.5

3.0

3.4

3.8

4.7

5.2

6.1

7.0

7.9

8.9

Source: Hershfield (1961) and Miller 1964.
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damage path about 8 km (5 mi) long and 160 m (0.1 mi) wide, an area of 1.28 km2 (0.5 mi2 ) would be
damaged per tornado, and two tornadoes per year would damage about 2.56 km 2 (1 mi 2), or about
1/15,000 of the area of western Pennsylvania. On average, any specifically identified location would
thus be expected to be within the damage path of a tornado about once in 15,000 years, which is
broadly consistent with the value given by Schaefer et al. (1980). The probability of a tornado, and
especially the probability of a large and violent tornado, increases to the west toward the prairies of
the central United States.

3.4.2 Air Quality
3.4.2.1 Ambient Air Quality
NAAQS exist for sulfur dioxide (SO 2), nitrogen dioxide (NO 2), ozone, carbon monoxide (CO),
lead, and particulate matter small enough to pass easily into the lower respiratory tract (particles less
than 10 4m in aerodynamic diameter, designated PM-10). The NAAQS are expressed as pollutant
concentrations that are not to be exceeded in the ambient air, that is, in the outdoor air to which the
general public has access [40 CFR 50.1 (e)]. Primary NAAQS are designated to protect human health;
secondary NAAQS are designated to protect human welfare by safeguarding environmental resources
(such as soils, water, plants, and animals) and manufactured materials. The NAAQS are presented in
Table 3.17.
Background air quality data from the nearest available station for each pollutant covered by the
NAAQS are summarized in Table 3.18. All areas within 100 km (62 miles) of Leechburg are in
attainment of the NAAQS for NO2 and Lead. Armstrong County, in which the SLDA is located, and
nearby Butler, Indiana, and Westmoreland Counties are in attainment of the NAAQS for CO and
PM- 10 (see Figure 1.3 for location of nearby counties). The nearest nonattainment area for CO is
downtown Pittsburgh, about 37 km (23 miles) southwest of Leechburg; and the nearest
nonattainment area for PM-10 is in the southeastern part of the Pittsburgh metropolitan area, just to
the south and west of McKeesport, about 45 km (28 miles) to the southwest of Leechburg.
Nonattainment areas for SO 2 include part of Allegheny County and five townships in the northern
part of Armstrong County. The nearest nonattainment areas for SO 2 are Boggs and Washington
townships, about 30 km (19 miles) north of Leechburg. Allegheny, Armstrong, Butler, and
Westmoreland counties are all designated as being in moderate nonattainment of the ozone standard.
This is the only nonattainment designation for the Parks SLDA area. Nonattainment classifications
(e.g., moderate) for ozone correspond to the amount by which the NAAQS are exceeded [Clean Air
Act as amended, Title I, Part D, Subpart 2, Section 181 (a) (1)] and, correspondingly, by required
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Table 3.17. National Ambient Air Quality Standards (NAAQS) and allowable increments for prevention of significant
deterioration of air quality (allowable PSD increments)
NAAQS (.ug/m3)
Pollutant

Averaging time

3
Allowable PSD increment (,g/m
)°

Secondary

Primary
[

m

annual
24-hourb
3-hourb

80
365

Nitrogen dioxide

annual

100

100

Ozone

3-hour'

235

235

Carbon monoxide

8-hourb
l-hourb

10,000
40,000

PM- I0d

annual
24-hour'

50
150

Sulfur dioxide

1300

3-month'

Lead

1.5

50
150

Class I

Class II

2
5
25

20
91
512

2.5

25

4
8

17
30

1.5

Note: Where no value is listed, there is no corresponding standard.
'Class I areas are specifically designated areas in which degradation of air quality is severely restricted; Class I1areas have a less stringent set of
allowable increments.
bNot to be exceeded more than once per year.
'Not to be exceeded on more than I day per year on the average of 3 years.
"Particulate matter less than 10 j•m in diameter.

U

'Calendar quarter.
S

Z'

Table 3.18. Monitored pollutant concentrations in the region around Parks Township, Pennsylvania"
CAnnual
Pollutant
Sulfur dioxide

Year

average or
maximum concentration
(pg/m3 )

1992
1993
1994

25
29
32

31
36
40

24-hour

1992
1993
1994

100
109
218

27
30
60

3-hour

1992
1993
1994

195
244
930

15
19
72

Averaging time
annual

Location
North Braddock

Percent of standard

Nitrogen dioxide

annual

Pittsburghb

1992
1993
1994

55
58
58

55
58
58

Ozone

1-hour

Allegheny County'

1992
1993
1994

216
249
257

92
106
109

Carbon monoxide

8-hour

Johnstown

1992
1993
1994

7,130
5,175
5,175

71
52
52

1992
1993
1994

10,235
7,475
7,015

26
19
18

1992
1993
1994

24
21
22

48
42
44

1992
1993
1994

57
67
63

38
45
42

1-hour

PM-10

annual

Springdale

24-hour

Lead

3-month"

Braddock

1992
1993
1994

0.05
0.06
0.07

3
4
5

M

M

M

M

M

mm mm

M

m

"

m

M

-,mm

Table 3.18. (continued)

Pollutant
Sulfates

Averaging time

Location

Year

Annual average or
maximum concentration
(i/m 3)

Percent of standard

30 days

Monessen

1992
1993
1994

16.9
20.6
22.1

169e
206e
221l

30 days

Beaver Falls

1992
1993
1994

16.1
17.4
23.2

161e
174'
232e

30 days

East Conemaugh

1992
1993
1994

15.8
21.0
22.5

158e
210'
225'

24 hours

Monessen

1992
1993
1994

39.2
32.2
32.6

131e
107e
109'

24 hours

Beaver Falls

1992
1993
1994

30.1
28.3
28.5

100W
94'
95e

24 hours

East Conemaugh

1992
1993
1994

27.2
33.2
33.5

91'
111'
112I

"The first six pollutants listed are regulated by the National Ambient Air Quality Standards; sulfates are regulated by the Commonwealth of
Pennsylvania.
bTwo Pittsburgh stations reported; the higher value is listed. A monitoring station at Monroeville, just east of Pittsburgh, was operative until 1993. NO 2
concentrations there were somewhat less than in downtown Pittsburgh.
'The highest of several values in the Pittsburgh area is given.
'The highest value for the four calendar quarters is listed. Lead concentrations in the atmosphere have been declining in recent years due largely to
increased use of unleaded gasoline.
'Percent of State standard; no NAAQS exists for sulfates.
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pollution-prevention regulations, including motor vehicle inspection/maintenance programs and
reductions in emissions of VOCs (ozone precursors) (Clean Air Act as amended, Title I, Part D,
Subpart 2, Section 182).
States may set standards that are more stringent than the NAAQS or that address specific
pollutants not covered by the NAAQS. Pennsylvania has adopted the NAAQS and, in addition, has
adopted standards for settled particulate matter, beryllium, sulfates, fluorides, and hydrogen sulfide
(Pennsylvania Code Title 25, Subpart C, Article III, Chapter 131). The Pennsylvania standards are
summarized in Table 3.19.
State standards are often set to deal with particular industrial operations, so monitoring may be
very localized. In other cases, pollutants covered by state standards may not be monitored unless the
need arises. For example, hydrogen sulfide is usually not monitored until citizens complain about
odors. Settled particulate matter, beryllium, and fluorides are not routinely monitored in
Pennsylvania. Therefore, monitoring data are not available for these state-regulated pollutants.
The PADEP Division of Air Quality Monitoring prepares annual reports summarizing its
monitoring of airborne pollutants. Sulfates, which can cause lung damage, impair visibility, and
contribute to acid precipitation, often occur in sufficiently high concentrations to exceed the 30-day
state standard. Some recent monitoring data for sulfates in southwestern Pennsylvania are presented
in Table 3.18.
Table 3.19. Pennsylvania air quality standards
Pollutant

Averaging period

Standard

Settled particulate matter (total)

1 year
30 days

0.8 mg/cm 2-mo
1.5 mg/cm 2-mo

Beryllium

30 days

0.01 4g/m3

Sulfates (as H2SO 4)

30 days
24 hours

10 zg/im3
30 jig/m'

Fluorides (total soluble as HF)

24 hours

5 zg/lm 3

24 hours
0.005 ppm (7 jig/m3 )
1 hour
1 ppm (1350 jig/m3 )
Pollutants of primary concern under the proposed action are fugitive dust and associated toxic
metals. For alternatives involving thermal treatment, emissions of ozone precursors (NO 2 and VOCs)
and, possibly, emissions of S02 (depending on the fuel used for combustion) will have to be
evaluated.
Hydrogen sulfide

3.4.2.2 Prevention of Significant Deterioration
In addition to ambient air quality standards, which represent an upper bound on allowable
pollutant concentrations, there are national standards for the prevention of significant deterioration
(PSD) of air quality (40 CFR 51.166). The PSD standards differ from the NAAQS in that the
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NAAQS provide maximum allowable concentrationsof pollutants, while PSD requirements provide
maximum allowable increases in concentrationsof pollutants for areas already in compliance with
the NAAQS. PSD standards are therefore expressed as allowable increments in the atmospheric
concentrations of specific pollutants. PSD increments are particularly relevant when a major
proposed action (involving a new source or a major modification to an existing source) may degrade
air quality without exceeding the NAAQS, as would be the case, for example, in an area where the
ambient air is very clean. Allowable PSD increments currently exist for three pollutants (NO 2, SO 2,
and PM-10). One set of allowable increments exists for Class II areas, which cover most of the
United States; and a much more stringent set of allowable increments exists for Class I areas, which
are specifically designated areas where the degradation of ambient air quality is to be severely
restricted. Class I areas include national parks that exceed 2430 hectares (6000 acres) in size and
other national parks, monuments, wilderness areas, and other areas as specified in 40 CFR 51.166(e).
Allowable PSD increments for Class I and Class II areas are given in Table 3.17.
The nearest Class I areas to Leechburg are the Dolly Sods and Otter Creek Wilderness Areas,
located in West Virginia, about 175 km (110 miles) south of Leechburg. Because prevailing winds in
the area would transport pollutants toward the northeast, these wilderness areas are not in a direction
of prevailing winds from Leechburg.
3.4.3 Noise
Background noise levels at the site of the proposed activity are mostly from light traffic in the
area, and would be comparable to noise levels in a quiet residential area. This is about 55 decibels in
the normal (A-scale) auditory frequency band [dB(A)]. The nearest residents (in Kiskimere) are
within 200 m (650 ft) to the southwest of the location of the proposed activities, and the nearest
school (Leechburg Area Jr/Sr High School) is 1.8 km (1 .1 miles) west-northwest of Trench 10.

3.5 HUMAN HEALTH
In this section, existing conditions with respect to uranium in the waste trenches at the site are
summarized as background information for assessment of the various alternatives in Section 4.
The Parks SLDA trenches contain a mixture of natural soils with chemical and radiological
wastes of various compositions. Because access to the'site is currently:.e.stricted, the only
possibilities for public exposure result from potential releases from the site. Because the wastes at the
site are covered by 1.2 m (4 ft) of soil, the primary pathway for potential movement of contaminants
would be through groundwater that may surface in downgradient seeps along Dry Run or enter the
underground mine water through the mine spoil area near Trench 10. Groundwater from the site
enters the Kiskiminetas River through Dry Run or Carnahan Run, or from deep bedrock
(Section 3.3.2).
Monitoring at the site (see Section 3.3.1) shows that the groundwater downgradient of the
trenches has only very low levels of nonradioactive and radioactive contaminants that could be
attributable to the trenches. Groundwater flows away from the nearest community, Kiskimere.
Furthermore, domestic water wells in Kiskimere are completed in the deep bedrock aquifer beneath

3-51

NUREC- 1613

I

FFCTD

*@
NIROMN

the Upper Freeport coal mine horizon. Trench-related contaminants would likely be intercepted in
the coal mine and be prevented from reaching the deep bedrock aquifer by the very low permeability
underclay that underlies the Upper Freeport coal seam. Consequently, the site is not currently
contributing to the natural radiation dose to the population in the area. Sediment samples in Dry Run
exhibit total uranium concentrations above background (Section 3.3.2.3). However, the levels are low
and most likely result from surface runoff. Surface contamination resulted from previous exhumation
and storage of contaminated materials and equipment on the surface.

3.5.1 Radiological Contaminants
Surface soil uranium contamination has previously been cleaned up to levels below NRC
guidance for unrestricted use (ARCO/B&W 1993, 1995). However, surface soils in the vicinity of
Trench 10 were sampled and analyzed for the radiological contaminants 24Am and 24,pu
(ARCO/B&W 1996). Soil samples were taken from the centers of 84 plots of 100 m2 (1080 ft2) each,
in an area that had been identified as potentially contaminated with 241Am. Of these, 33 segments had
detectable levels of 24 1Am. The maximum average 24Am concentration for any of the 33 plots was 16
pCi/g (0.6 Bq/g). Only two individual samples exceeded the NRC (1983) guidance for unrestricted
use of 30 pCi/g (1.1 Bq/g), the highest being 62 pCi/g (2.3 Bq/g). The five plots with the highest
concentrations of 24 'Am were also sampled for 241Pu (ARCO/B&W 1996). All five samples exceeded
the NRC (1983) guidance for unrestricted use of 25 pCi/g (1 Bq/g) Pu, with the highest being
49 pCi/g (3.3 Bq/g). The ARCO/B&W SCR of 1993 presented a maximum total Pu concentration of
88 pCi/g (3.3 Bq/g) for one of five samples analyzed. Therefore, any Am and Pu contamination
above NRC's release criteria will be removed, including material which is at depth. Because no Am
or Pu exceeding these limits will remain onsite, Am and Pu were not considered in the long term
dose assessment in Chapter 4.
Although Am and Pu have higher dose conversion factors than uranium, they also have higher
mean soil to water concentrations ratios (Sheppard and Thibault 1990). Therefore, less Am than
uranium would be transported through food and water pathways. The solids content of Am in trench
soils was less than 1 pCi/g (0.037 Bq/g) (ARCO/B&W 1995). Based on soil to water concentration
ratios (partition coefficients) for several types of soil (Sheppard and Thibault 1990), the water
concentration in the trenches would be well below 1 pCi/L (0.037 Bq/L).
Trench 10 has low potential for impacts because the storage of equipment on the surface was the
apparent source of the Am and Pu contamination (Section 3.2.4). Furthermore, the maximum
concentration of uranium measured in leachate from Trench 10 was 10.4 pCi/L (0.4 Bq/L), well
below the EPA proposed maximum contamination level of 30 pCi/L (1.1 Bq/L). Because only very
low levels of contamination (within drinking water standards) have been found in the trench, even
direct consumption of the leachate from Trench 10 would not represent a significant radiological
health risk.
Trench 3 has less potential for causing human health effects than the other trenches of the upper
area because it was used as a catchment basin for runoff during the previous excavation of Trenches
4 and 5. Trench 3 contains a relatively small amount of contaminants and is usually dry. Trenches 4
and 5 were excavated so that liquids would drain to Trench 3. The liquids from Trenches 4 and 5
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were tested and, if contaminated, were drained to Trench 2. If found to be uncontaminated, they were
left in Trench 3. Therefore, Trench 3 should contain only a fraction of the uranium in Trenches 4 and
5. If all the uranium for a 1-year flow of leachate from Trenches 4 and 5 were to collect in Trench 3,
the total uranium transferred would be about 2.7 x 10-' Ci (1 x 10-6 Bq) or about 0.0013 percent of
the total.
Of eight boreholes installed at Trench 3, only three locations at depths of 3.0 to 3.7 m (10 to
12 ft) showed uranium concentrations greater than 30 pCi/g (1.1 Bq/g). Trench 3 is usually dry;
however, one leachate sample (ARCO/B&W 1993) was estimated by the licensee to contain
29,500 pCi/L (1091 Bq/L) uranium based on gross alpha measurements. The actual gross alpha level
was about 5110 pCi/L (189 Bq/L), therefore, this single reported high leachate concentration is of
highly questionable validity. Because it is not supported by the history of the development of the
trench, the gross alpha value, or subsequent gamma logging data, it is not included in the following
descriptions of source characteristics and source term.
The primary radioactive material of concern in the trenches is uranium at enrichment up to 15%.
The isotopes of concern are the uranium isotopes 238 U, 234U, and 235U. For enriched uranium, 235U
and 234U are present in relatively higher amounts than for background conditions. Uranium decay
products are nearly absent from refined uranium. The uranium isotopes 238U, 234U, and 235U occur in
the Parks SLDA wastes at concentrations above soil background concentrations. Some 232Th was
disposed of in the trenches but at low levels compared to uranium. Refined uranium contains only
very small amounts of natural decay products (progeny) because they were separated from the
uranium in other stages of the fuel cycle before the uranium entered the Apollo processes.

3.5.1.1 Natural Background Radiation Environment
Soils contain many natural radionuclides that contribute to background radiation doses, but the
primary contributors to background doses are members of the 23"U decay chain. The total dose via all
pathways (food, water, inhalation, external) from background concentrations of natural radioisotopes
in soil is about 230 mrem/year for indoor exposures (Appendix C). The total dose from uranium
isotopes alone is about 0.68 mrem/year.

3.5.1.2 Source Characteristics
Because records at waste emplacements at Parks SLDA are incomplete the staff used four types
of information to estimate the uranium contents of the trenches:
*
"
*
*

Regulations in place when wastes were emplaced and company policies with goals more
stringent than the regulations
Company records on the types and amounts of wastes emplaced
Measurement of leachate concentrations in the trenches (filtered and unfiltered components)
Staff assessment of applicant's downhole gamma measurements
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Because it yielded the highest estimate, the staff used the last of these four estimates for its
forecasts of potential doses to the public. The remainder of the section describes these estimates.
Uranium inventory estimates based on regulations
Regulation 10 CFR 20.304 was in place during the time of the SLDA waste emplacements and
limited each burial to a maximum of 100 mCi (3.7 x 10' Bq) of uranium or thorium and a maximum
of 12 burials per year. Each burial was to be separated by 1.2 m (4 ft) of soil vertically and 1.8 m
(6 ft) laterally. The topmost burial was covered with 1.2 m (4 ft) of soil. The minimum area of the
waste emplacement volume per annual emplacement was 3.66 m x 5.49 m (12 ft x 18 ft) = 20 m2
(216 ft). Because the waste depth averages about 4 m (13 ft), the minimum waste volume per
emplacement is estimated to be about 80 m3 (104 yd3). This volume would consist of wastes and fill
soils. The total mass of this soil/waste volume is about 120,000 kg (264,000 lb) for an overall density
of 1500 kg/m 3 (2540 lb/yd 3). Based on the above, the maximum concentration permitted would have
been 1.2 Ci/ 1.2 x 108 g or -10,000 pCi/g (370 Bq/g). The maximum amount of uranium that could
have been emplaced under 10 CFR 20.304 over the 10-year period during which burial occurred is 12
Ci (4.4 x 10"1 Bq). No burials were made for 2 years, therefore, the maximum amount buried under
the regulation would be about 10 Ci (3.7 x 10" Bq).
Uranium inventory estimate based on company records
Company records are not detailed enough to accurately quantify waste volumes, masses, or
chemical and physical characteristics. Company records were reviewed in the Site Characterization
Report (ARCO/B&W 1993). For the wastes with quantitative data available from company records,
the total uranium activity in all the trenches is about 2 Ci (7.4 x 1010 Bq) and the volume is about
200 m3 (7058 ft3). The total enriched uranium was about 1.5 Ci (5.5 x 10'0 Bq) and depleted uranium
about 0.5 Ci (1.8 x 1010 Bq). The uranium concentrations in these wastes ranged from about 2700 to
92,000 pCi/g (100 to 3400 Bq/g) and averaged about 5000 pCi/g (185 Bq/g ) on a volume weighted
basis. Review of company records also indicates that some waste with low uranium concentrations
was emplaced, but no data on uranium concentration was available. For 10 waste emplacements of
80 m3 (104 yd3 ) per emplacement, the total waste volume would be 800 m 3 (1046 yd 3). The average
concentration in the emplacement volume for a total of 2 Ci (7.4 x 10'0 Bq) of uranium would be
about 1670 pCi/g (61.8 Bq/g ).
Uranium inventory estimate based on leachate concentration
The initial monitoring data included in the Site Characterization Report (ARCO/B&W 1993)
consisted of leachate data, but no direct data on the wastes were provided because the wastes are
extremely inhomogeneous and could not be fully characterized without exhumation. While leachate
concentrations provide valuable information, leachate concentrations alone cannot be used either to
infer waste concentrations or as source term input. Some of the wastes were emplaced in liquid form;
some wastes were in the form of particles or powders that could have been moved by water and
concentrated in the silt or sediment at the bottom of the emplacements. Initially, leachate
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concentration measurements were based on gross alpha levels with minimum detectable
concentrations well above levels of potential concern. Measurements were conducted using more
sensitive mass spectrometry methods to measure total uranium and percent 235U enrichment
(ARCO/B&W 1996). A summary of these results is given in Table 3.20. The overall average
concentration of uranium in leachate was about 1200 pCi/L (44 Bq/L) and the median value is about
100 pCi/L (3.7 Bq/L). The average concentration of uranium in the suspended solids component of
the leachates was about 2300 pCi/g (85 Bq/g).
Uranium inventory estimate based on downhole gamma
A series of direct measurements of uranium in trenches have been made in attempts to identify
the inventory of uranium in the SLDA. Down-hole gamma monitoring had been conducted in 1993,
and 1995 but the data were not considered reliable because of the poor sensitivity obtained with the
5-cm (2-in.) TWSPs. Larger sensors were used in a second 1995 measurement campaign. This series
of measurements was made with 10-cm (4-in.) TWSPs (ARCO/BW 1996). Analyses of the 5-cm
data, compared with the 10-cm data provide substantial correlation in terms of the locations and
relative magnitudes of the measurements.
A staff assessment of the available data resulted in estimates of the uranium content of trenches
I through 9 to be 734 kg (1615 lb), amounting to 4.38 Ci (1.6 x 10" Bq) of uranium. The results are
compiled in Table 3.21. Downhole gamma measurements from TWSPs were converted to 235U
content through calibration of the downhole instruments, taking into account a possible 33%
.U
miscalibration because of a layer of sand between the TWSP and the soil. Vertically averaged 23
contents for each TWSP were analyzed statistically. The median 235U content for each trench was
then divided by the enrichment, estimated from water samples, to get the total uranium content.
The staff has adopted the 4.38 Ci (1.6 x 10"l Bq) value rounded to 4 Ci (1.5 x 10" Bq) for point
estimates in later analyses because it yielded the highest estimates.
3.5.1.3 Source Term
The source term, defined as loss rate of uranium from the trenches to adjacent groundwater, is
dependent on water flow rates through the wastes, chemical and physical characteristics of the
uranium in wastes and trench soils, and the soil retention properties. The water moving from the
trenches is a mixture of water from the wastes and the fill volumes of the trenches. It is not known
whether the measured leachate concentrations (Table 3.20) reflect waste concentrations or average
trench concentrations.
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Table 3.20. Leachate concentration based on ICPMS total uranium and percent
U-235, 1995 data
Specific
TWSP

Diameter inches

1995 ICPMSa
(ugL)

1995 percent
U-235

Activityb
(UCi/g)

Total U

177

(pCi/L)

1-1

2

48.4

8

3.66

1-7

4

196.5

12.1

5.1

1,002

1-2

2

232.5

7.9

3.6

840

1-3

2

2.1

7.9

3.6

1-4

2

81.2

7.8

3.6

292

1-5

2

1,764

9.0

4.1

7,224

1-6

2

2,633

7.6

3.5

9,184

1-12

4

6,510

6.1

2.8

18,514

2-1

2

100

45.4

24.6

2,640

2-2

2

127

13.8

6.3

799

2-3

2

54.9

14.5

6.6

364

2-4

2

48.2

13.5

6.1

296

25

4

23.2

17.6

8.1

189

2-6

4

1.3

14.3

6.5

2-7

4

28.1

27.6

13.5

3

8.5
379

dry

4-1

2

0.1

35.4

18.1

4-2

2

84.7

21.6

10.2
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Table 3.20. (continued)

TWSP

Diameter inches

1995 ICPMSa
(ug/L)

1995 percent
U-235

Specific
Activityb
(azCi/F)

Trench 5 average

Total U
(pCi/L)
482

5-1

2

3.3

16.8

7.7

25.4

5-2

2

7.5

3.4

1.7

13.0

5-3

2

33.9

3.0

1.6

53.2

5-4

4

120.8

14.1

6.4

777

5-5

4

79.7

37.4

19.4

1543

6-1

2

21.1

24.2

11.6

244

6-2

2

5.8

4.1

2.0

11.7

6-3

2

8.9

1.8

1.1

9.7

6-4

4

12.9

5.2

2.5

31.8

7-1

2

7.0

23.7

11.3

79.2

7-2

2

1.4

11.4

5.2

7.2

7-3

2

8.5

9.2

4.2

35.6

7-4

4

12.3

42.3

22.5

277.4

7-5

4

40.6

8.5

3.9

157

7-6

4

449.6

7.8

3.6

1,619

8-1

2

0.6

6.1

2.8

8-2

2

0

38.1

9-1

2

15.7

13.6

6.2

9-2

2

0.6

8.2

3.7

2.2

9-3

2

9.3

13.4

6.1

56.7
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Table 3.20. (continued)
Specific
TWSP

Diameter inches

1995 ICPMSa
(ugL)

1995 percent
U-235

Activityb
(jUCi/g)

Total U
(pCi/L)

10-1

2

2.3

3.7

1.8

4.2

10-2

2

7.6

2.5

1.4

10.4

10-3

2

0.5

8.7

4.0

2

"Inductively coupled mass spectometry.
bSpecific activity = 0.4 + 0.38 (percent U-235) + 0.0034 (percent U-235)'.
Source: Rich et al. (1988).

Table 3.21. Uranium inventory based on staff reevaluation of downhole gamma
measurements

Average
Trench

23 5

u (koa

Enrichmente

Total U (kg)c

Total curiesd

0.0825

118

0.444

0.191

168

1.495

-

-

1

9.7

2

32.1

Y

0.3

-

4

3.9

0.202

19.3

0.183

5

14.9

0.11

135

0.674

6

23

0.0994

231

1.042

7

9

0.229

39.3

0.428

8

0.9

0.123

7.3

0.041

9

1.5

0.093

16.1

0.068

734

4.38

Total

"Median bootstrap value from 1993 and 1995 field programs.
hAverage of water samples in TWSPs for 1993 and 1995 field programs.
'Median kg 2.U/average enrichment.
"From 10 CFR 20 Appendix B, for specific activity of enriched uranium.
'There were no measurements of enrichment in this trench, but there were no actual burials there.
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The solids in and outside the trenches at the SLDA strongly sorb uranium. Consequently,
uranium exists in both the water and on the solids. The partition of uranium between solid and liquid
is described by the sorption coefficient Kd which is the ratio of uranium concentration on the solid to
that in the liquid. Kd ratios vary widely depending on the chemical form of the uranium and the
characteristics of the surrounding absorbing media.
Kds are usually reported in mL/g. For a Kd of 1000 mL/g, a soil concentration of I pCi/g
(0.037 Bq/g) will produce a water concentration of 1 pCi/L (0.037 Bq/L). The Kd for uranium at
background concentrations in soil varies around an average of about 2000 mL/g (see Appendix C).
This value is close to the average value obtained for solids/leachate of 2300 mL/g (ARCO/B&W
1996). However, the values for Parks SLDA leachate showed wide variation and may have been
influenced by solid uranium particles present in the leachates.
Generic data on partition coefficients for uranium in various soil types were reviewed by
Sheppard and Thibault (1990) and found to yield values between 15 to 1600 mL/g. Because Parks
soils and substrates may span the entire range, a range of values were used in the sensitivity analysis
discussed in Appendix E. Based on this analysis the staff does not expect the uranium to move
outside of the trenches into the shallow bedrock aquifer during the period of regulatory performance
(1000 years).

3.5.2 Nonradiological Contaminants
The pathways for potential exposures to nonradiological contaminants at the Parks SLDA are
the same as for radiological contaminants except that there is no nonradiological equivalent to
external exposures to radiation.
Off-site transport of nonradiological contaminants through the groundwater pathway has
occurred only at very low levels, if at all. In this section, information on baseline or current
conditions with respect to source characteristics and source term is developed to support assessment
of the remediation alternatives in Section 4.
3.5.2.1 Existing Nonradiological Environment
The information on nonradiological wastes at the Parks SLDA consists of general information
on chemicals used in Apollo processes and on measurements in leachates, groundwater, surface
water, sediments, and soils at the site. No quantitative data on the amounts of nonradiological
materials placed in the Parks SLDA are available.
Based on expected waste content from the Apollo facility, the primary nonradiological waste
constituents included fluorides, ammonia, kerosene, tributylphosphate (TBP), methylene chloride,
oil, grease, hydraulic fluids, beryllium-bearing material, and general laboratory chemicals
(ARCO/B&W 1993).
Because these chemicals are representatives of the general classes of volatile organic
compounds (VOCs) [e.g., trichloroethylene (TCE), trichloroethane (TCA), and numerous
components of oil, grease and hydraulic fluids], semi-volatile organic compounds (SVOCs) (e.g.,
8-OH and TBP), and metals, site characterization consisted of extensive sampling and analytical
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analysis of water and soils for VOCs, SVOCs and metals and other inorganic materials. Analytical
results for concentrations on-site were compared with drinking water criteria (40 CFR 141), naturally
occurring concentrations for metals in soils, and EPA Region III risk-based concentrations (RBCs)
for residential soils. Results and analysis are given in the site characterization report (ARCO/B&W
1993).
In addition, a nonradiological risk assessment was conducted (ARCO/B&W 1994) using
methods and guidelines approved by EPA. The assessment included possible on-site and off-site
exposure scenarios for baseline conditions and for the remediation alternatives analyzed in Section 4
of this DEIS. The only scenario that exceeded EPA risk acceptance criteria for carcinogenic
materials was for a resident adult or child on the unremediated site who consumed groundwater from
the first shallow bedrock zone. See Section 3.5.2.3 for a comparison of risks associated with
exposure to radioactive and nonradioactive chemicals. For the same scenario, the EPA non-cancer
acceptance criteria was slightly exceeded for a resident child. The primary contributor to the cancer
hazard was vinyl chloride. The primary contributors to the non-cancer hazard were TBP, cis-1,
2-dichloroethylene (cis-1,2-DCE) and DCE.
Pathways to off-site receptors for the unremediated site (baseline conditions) presented hazards
well below EPA acceptance criteria.
Review of the nonradiological risk assessment indicates that EPA procedures were applied in a
very conservative manner (potential impacts were overestimated). Conservatism is inherent in EPA
procedures, which ensures that chemicals of interest are not overlooked.
The chemicals of interest based on available records, analytical results, and risk screening are
listed in Table 3.22. (The average concentrations of the measured concentrations in leachates and
groundwater from the ARCO/BW 1993 are also given in Table 3.22.)
All of the chemicals of interest are VOCs except TBP. Trans-1,2-DCE and vinyl chloride are
possible degradation products of TCE, and 1,1 -dichloroethane may be a degradation product of
1,1,1-TCA. The presence of significant concentrations of degradation products relative to parent
materials may indicate that there is no large remaining source of the primary chemicals emplaced.
(This assumes that the contaminants were all emplaced as primary chemicals, a reasonable
assumption for these degradation products.) The concentrations of the chemicals are also far below
their saturation concentrations. Concentrations of the chemicals are expected to continue to decline
through dilution and degradation.
3.5.2.2 Nonradiological Source Term
The VOCs have retardation coefficients much smaller than those for uranium and have migrated
over much greater distances. The chemicals have spread throughout the total trench volume and into
surrounding groundwater. However, the combination of measured concentrations, degradation rates,
retardation coefficients, and transport times indicates that the VOCs will not approach drinking water
limits in on-site or off-site water that could become a drinking water supply.
Estimates of degradation half lives, retardation coefficients, and migration times based on EPA
methods and standard references are given in the nonradiological risk assessment (ARCO/B&W
1994). The values are listed in Table 3.23. In 50 years, the concentration of even the longest-lived
chemicals should be less than 1 percent of their parents' concentration in leachate. Fifty years
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Table 3.22. Measured groundwater concentrations of chemicals
of interest at the Parks SLDA
Leachate concentration
(ugIL)

Monitoring wells
concentration (ug/L)

1-dichloroethane

403

42

1,1-dichloroethylene

187

3

cos-1,2-dichloroethylene

300

37

trans- 1,2-dichloroethylene

-

29

1,1,1-trichloroethane

517

13

trichloroethylene

276

29

vinyl chloride

148

24

1593

35

Chemical

tributylphosphate

represents more than five half-lives for any of the chemicals listed in 3.22. For example, the
reduction for chemicals with half-lives of 7.9 years would be exp [-0.693 x 50/7.9] -0.012,
considering only degradation. Given the estimated transport times to the first shallow bedrock water
bearing zones, nonradiological chemicals are not likely to be a significant problem at the Parks
SLDA now or in the future.
3.5.2.3 Comparison of Radiological and Nonradiological Risks
The EPA target risk range used in the nonradiological risk assessments is 10-' to 10-6 for a
lifetime exposure to carcinogenic chemicals. If the calculated exposure associated with a waste site
resulted in an estimated cancer risk exceeding I case per 10,000 exposed (10'), then remediation
would be indicated. If the estimated excess cancer risk were less than 1 case per 1,000,000 exposed,
then remediation would not be indicated. If the estimated excess case were between these numbers,
then more detailed study would be indicated. The estimated upper-bound risk to the resident adult or
child on the unremediated site consuming groundwater from the first shallow bedrock zone slightly
exceeded the I case per million criterion. Risks to off-site individuals would be orders of magnitude
lower.
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Table 3.23. Estimated retardation, degradation and migration times for the
nonradiological chemicals of interest at the Parks SLDAa
Chemical

Half life (years)

Retardation
factor

Vertical retarded
migration time (years)b

1,1-dichloroethane

1

21

253

1,1-dichloroethylene

0.4

44

531

cis-1,2-dichloroethylene

7.9

trans- 1,2-dichloroethylene

7.9

40

482

1,1,1 -trichloroethane

1.5

102

1230

trichloroethylene

4.5

85

1025

vinyl chloride

7.9

3.7

6.8

45

82

'From ARCO/B&W Nonradiological Risk Assessment (1994).
hVertical migration time to first shallow bedrock water bearing zone.

For radioactive materials (primarily uranium), the risks associated with a similar scenario for the
unremediated site are much higher (Section 4.1). According to estimates by the International
Commission on Radiological Protection (ICRP 1991), the excess risk associated with an effective
dose equivalent of 2 mrem (2 x 10-' Sv) is about 1 x 10-6 (1 excess case per million exposed). The
estimated upper-bound radiation doses associated with the resident adult or child consuming
groundwater from the first shallow bedrock zone at the Parks SLDA could amount to several hundred
.mrem (Section 4. 1). Therefore, upper-bound risk associated with radionuclides in the Parks SLDA
-wastes greatly exceed risks associated with nonradioactive chemical exposures.
Overall, the primary concern at the Parks SLDA is uranium because of its very long half-life,
very low rate of migration, relatively high concentration, and potential external and internal
exposures given direct access to the wastes. Therefore, the analyses of the remediation scenarios
given in Section 4 focus on potential uranium exposures.

3.5.2.4

Off-site Cancer Risk and Infant Mortality

Currently there are no pathways through which contaminants from the trenches are traveling offsite and entering the drinking water. Samples have been taken from wells off-site and only
background levels were found. The hydrologic descriptions in Section 3.3.1 show that any
contaminants from the trenches would be intercepted by the coal mine and prevented from reaching
the drinking water source, the deep bedrock aquifer.
Based on the above description the risk of off-site cancer or other effects such as infant
mortality would be nonexistent because the consensus of opinion (ICRP 1991) is that a threshold
dose must be exceeded to induce malformations.
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A report on cancer incidence in the Apollo-Parks area has recently been issued by the
Pennsylvania Department of Health (PDH 1996). The study spanned the years 1984-1992. No
elevation in cancer rates related to radiation were observed.
The study states
"Previously released studies by the Department of Health include a cancer incidence study
for the years 1984 and 1985, two cancer mortality studies, and a pregnancy outcome study.
None of these demonstrated any unusual morbidity or mortality, and do not demonstrate
any measurable radiation induced disease."
Note that the Parks SLDA wastes could have contributed only a small component of the doses
from the total Apollo-Parks complex.

3.6 ECOLOGY
This section characterizes the ecological resources including vegetation, wildlife, threatened and
endangered species, and wetlands in the vicinity of the Parks Township SLDA. The approximately
16-ha (40-acre) site lies in west Armstrong County above the east bank of the Kiskiminetas River
(Figure 1.2). A staff ecologist visited the site in 1996 and verified the following information.

3.6.1 Terrestrial Ecology
The SLDA trench area is mowed regularly and can be described as open, grass-covered field.
However, the overall SLDA site presents some variety in vegetation and wildlife habitat. The
terrestrial ecology characteristics of the SLDA and surrounding area are described below.
3.6.1.1 Vegetation
The Parks Township site and environs are part of the Appalachian Oak Forest plant association
of the Eastern Deciduous Province (Bailey 1980). Thus, much of the entire region including
Armstrong County was once densely forested. Very little of the oak forest communities that
dominated the region prior to the advent of European settlers survives because of the loss of native
forest to agriculture and industrial development. As of 1977, second- and third-growth woodland
occupied about half of Armstrong County (SCS 1977), but increasing urbanization since then has
reduced woodland area in the county. The most common forest types in the county are oak hickory
(30 percent of forest lands), elm-ash-red maple (25 percent), aspen-birch (20 percent), maple-beechbirch (18 percent), and white pine (5 percent) (SCS 1977). Presently, only about 3.8 ha (9.5 acres) or
24 percent of the total area of the SLDA site is woodland, much of which is riparian woodland along
the intermittently flowing stream known as Dry Run near the northeast boundary. Dry Run collects
surface runoff and seep water from the site. The remaining site area of about 12 ha (30 ac) is mostly
open field dominated by various species of grasses and annuals.
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Based on the soil survey of Armstrong County conducted by the SCS in 1977, much of the site
(>50 percent) is well suited for the support of open land and woodland wildlife. The soils of the area
typically support a native vegetation of mixed hardwoods such as oaks (scarlet, red, white, and
black), tulip poplar, black cherry, and elm. Ash, yellow poplar, sassafras, dogwood, and basswood
may also be present. About one third of the soils on the property qualify as prime farm land. The
disposal trenches at the site comprise only 0.48 ha (1.2 acres), almost all of which lies under open
field and its associated grasses and annuals.
3.6.1.2 Wildlife
Cottontail rabbits, gray and fox squirrels, skunks, raccoons, and white-tail deer are common in
the area (ARCO/B&W 1993). Other likely vertebrate inhabitants of the site and/or environs include
eastern chipmunks, white-footed mice, cotton mice, pine voles, short-tailed shrews, woodchucks, red
and gray fox on or around farms and in woodland areas, and bobcats (Bailey 1980). Muskrats likely
occur and mink may occur along streams near the site (SCS 1977). Typical reptiles of the area
include box turtles and garter snakes (Bailey 1980).
Populations of mourning doves are often found on and near farmland, while wild turkeys inhabit
areas of rugged woodlands. Bobwhite quail and ruffed grouse may be found on idle land, including
old strip mine areas. Woodcocks may reside among the trees in bottom land. Other breeding birds
potentially abundant in the region include the Carolina wren, wood thrush, tufted titmouse, cardinal,
summer tanager, red-eyed vireo, hooded warbler, and blue-gray gnatcatcher (Bailey 1980). During
spring and fall, the Allegheny River and other surface waters in the area host several species of
migrating waterfowl including Canada geese and whistling swans. Diving ducks such as buffleheads,
scaups, and goldeneyes overwinter on the river as well. Wood ducks nest along some creeks in the
county where old oaks and walnuts predominate (SCS 1977).
3.6.1.3 Wetlands
A wetlands delineation effort in April of 1993 (ARCO/B&W 1993) identified three small
wetlands on the site (Figure 3.10). The first (Wetland A) is a small, isolated palustrine
forested/scrub-shrub wetland dominated by red maple, hawthorn, meadow-sweet, sensitive fern,
slender rush, club moss, goldenrod, and bluestem grass. This wetland lies in the southeast portion of
the site approximately 30 m (100 ft) east of the existing trailers.
A second palustrine forested/scrub-shrub wetland (Wetland B) is associated with Dry Run, the
intermittent tributary flowing along the eastern side of the SLDA toward the Kiskiminetas River. Red
maple, spicebush, and skunk cabbage dominate this wetland community. Trench 3 lies within this
wetland. The third wetland (Wetland C) is also primarily of the palustrine forested/scrub-shrub type.
It is found in association with a mowed, intermittent channel and seeps north and east of Trench 1.
Red maple, spicebush, and mowed grasses predominate in this small wetland.
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Figure 3.10. Wetlands.
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3.6.1.4 Threatened and Endangered Species
Both the U.S. Fish and Wildlife Service (FWS) and the Pennsylvania Game Commission were
consulted concerning the possible presence of threatened or endangered species at the site
(Appendix D). The FWS determined that threatened or endangered species are unlikely to occur at
the site (except for occasional transient species such as the southern bald eagle and American
peregrine falcon). Although several species listed as threatened/endangered by the State of
Pennsylvania occur or have occurred in Armstrong County according to the Pennsylvania Game
Commission (Appendix D), they do not occur on or near the Parks Township site. Two other state
agencies, the Pennsylvania Fish and Boat Commission (fish, amphibians, reptiles, and aquatic
invertebrates) and the Pennsylvania Department of Conservation and Natural Resources (plants) were
also contacted concerning state-listed species of concern. Both agencies reported that none of the
species of special concern for which they are responsible is known to occur in the immediate vicinity
of the site (Appendix D).

3.6.2 Aquatic Ecology
There are no permanent surface waters on the site. An intermittently flowing tributary of the
Kiskiminetas River, Dry Run, runs along the northeastern boundary of the SLDA. Groundwater
intermittently emerges at several seeps along the steep bank of Dry Run. Neither the tributary nor the
seeps would be likely to support stable or well-developed aquatic communities, although some algae,
vascular plants, and small invertebrates especially tolerant of extreme fluctuations between wet and
dry conditions may thrive there. The Kiskiminetas River flows within 270 m (870 ft) of the site's
northwestern boundary on its way to the Allegheny River approximately 13 km (8 miles) to the north.
This is a sizable, highly regulated river with an average flow rate of nearly 3100 ft/s. In the past, the
Kiskiminetas River experienced serious water quality problems, largely because of acid mine
drainage; but it reportedly was effectively remediated and has subsequently supported an apparently
healthy warmwater fishery including important sport and pan fish such as largemouth bass,
smallmouth bass, bluegill, pumpkinseed, yellow perch, walleye, sauger, northern pike, muskellunge,
and catfish. Golden redhorse, shorthead redhorse, carp, quillback sucker, sand shiner, mimic shiner,
bluntnose minnow, log perch, johnny darter, and freshwater drum are some of the non-game
warmwater fish known to occur in this river (NRC 1993; SCS 1977; Frame 1982).
Carnahan Run, a small creek about 630 m (2100 ft) to the southeast of the site, flows generally
southwest to the Kiskiminetas River. Groundwater flows from the site toward Carnahan Run. A short
reach of this creek has been impounded to form a small reservoir named Lee Lake. Although little
information on the ecology of this creek and its impoundment is available, given adequate water
quality, it is reasonable to expect that this stream would support a warmwater community typical of
small streams in western Pennsylvania, including minnows such as emerald shiners and carp; sunfish
such as bluegill and pumpkinseed; white suckers; johnny darters; bullhead catfish; and aquatic
invertebrates such as chironomids, tubificids, amphipods, and snails that serve as important prey
items for many of these fish.
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As discussed in Section 3.6.1.4, federally designated threatened or endangered species are
unlikely to occur at the site.
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4. ENVIRONMENTAL CONSEQUENCES
Environmental consequences associated with the no action alternative and each of the
decommissioning alternatives, SIP, DOS, and SOS, are discussed in the following sections.

4.1 NO ACTION ALTERNATIVE
This alternative involves a hypothetical "walk away" scenario with no monitoring, maintenance,
or institutional controls. It is included in the assessment to provide a baseline for evaluation of other
alternatives.

4.1.1 Community Resources
The no action alternative would involve leaving the SLDA wastes in their present condition
without continued access control or monitoring. It would not be expected to impact community
infrastructure, availability of housing, community services, cultural resources (Section 3.1.2),
recreational resources, or be of concern to environmental justice (Sect. 4.1.1.3).
4.1.1.1 Land Use
The impacts of the no action alternative on future land development in the vicinity of Parks
SLDA are uncertain. If the urban population and commercial ventures continue to move outward
from Pittsburgh, pressures to develop properties in the vicinity of the SLDA will likely continue. The
continued presence of the Parks SLDA is unlikely to affect development of adjacent commercial
properties, but it could discourage future residential development adjacent to the site because of the
perceived risks to local residents. A cost benefit analysis including land values is presented in
Section 5.
If left in its present condition, the site would have no economic value to the community or to
private interests. However, if it were maintained, the SLDA could provide a greenscape between
commercial properties along Route 66 and the areas currently being developed for residences above
the SLDA. The value of this greenscape would be decreased by the continued presence of barrier
fences and the wastes in the trenches.
4.1.1.2 Community Response
Similar to the biophysical impacts, social impacts can be of short duration or last a lifetime,
have a minor or major effect on community residents, and differ in scope-the degree to which
impacts can be expected to be cumulative or to balance out other impacts (ICGPSIA 1995). In
proposed projects that involve controversy, local attitudes and perceptions toward a policy or a
proposed action can result in disruptions to the social structures of the host community. Tangible
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manifestations of local attitudes and perceptions include conflicts between governmental entities and
citizens, conflicting opposing groups, changes in political leadership, or out-migration of long-time
residents-and can be used as indicators of loss of quality of life for community residents.
The no action alternative would not be expected to reduce the local concerns regarding the
wastes in the trenches.
4.1.1.3 Environmental Justice
Executive Order 12898 mandates all Federal agencies to consider the impact of projects on lowincome or minority groups. The order further states that patterns of consumption of natural resources
involving such groups will be identified in impact analyses. The analysis for this document used
1990 census data in conjunction with a geographical information system. The system uses a mapping
technique that incorporates census data, the Topologically Integrated Geographic Encoding and
Referencing (TIGER) system, to determine the proximity of minority groups to the site. The resulting
map is displayed in Figure 4.1.
Executive Order 12898 also requires agencies to "collect, maintain, and analyze information on
the consumption patterns of populations (identified by race, ethnicity, or income) who principally
rely on fish and/or wildlife." Populations affected may include Hispanics, low-income ethnic migrant
groups, or Native Americans.
When the Parks Township SLDA site was selected for the disposal of low-level radioactive
wastes, the decision did not involve environmental justice issues. In preparing this document,
however, staff reviewed the regional population characteristics to identify the proportions of lowincome or minority groups in the vicinity of the SLDA.
The NRC guidelines on environmental justice (NRC 1995) describe the areas for assessment as
follows:
*

*

If the facility is located within the city limits, a 1-km (0.6-mile) radius from the center of the site
is sufficient unless the site itself covers this area, in which case a radius of 0.8 km (0.5 mile)
from the boundary should be used. This means that if a point source is involved, a radius from
that point should be used, but if it not, a buffer zone should be used.
Outside the city limits or in a rural area, a 6.5-km (4-mile) radius should be used.

In assessing potential environmental justice impacts, the NRC guidelines recommend using the
Census Bureau's data on minorities and income level and comparing the local area percentages with
the county and the state percentages. The guidelines state that if the percentages exceed those of the
state or the county for minority populations or economically stressed households by 20 percent,
potential environmental justice impacts will have to be considered in greater detail.
The Bureau of Census provides the basis for identifying racial groups using five basic racial
categories: American Indian or Alaska native, Asian or Pacific Islander, black, white, and other. The
"other race" category allows respondents to write in an entry. The concept of race reflects the selfidentification by respondents and is not intended to reflect any biological or anthropological
definition. Persons of Hispanic origin are identified as an ethnic group and may be of any race (DOC
1995).
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The NRC guidelines advocate examining the demographics for environmental justice issues
early on in the review process and providing information on the proposed actions to the affected
stakeholders. NRC suggestions include holding meetings during the weekends or evenings and/or
translating notices into other languages. For this DEIS, the NRC held meetings at a local high school
to facilitate public participation. If a representative of an affected population (such as an officer of an
organized local group or community leader) has been identified, the individual should receive notices
of meetings and notices of the FederalRegister notices. Documents and media reports indicate local
political groups and representatives of concerned citizen groups are periodically informed by NRC
staff as well as by B&W of actions related to the Parks SLDA DEIS.
To assess the distribution of ethnic and racial groups, the block level population file available
from the Census was examined and integrated with the data from the Topologically Integrated
Geographic Encoding and Referencing (TIGER) files. Summations or averages of population groups
were then generated by geographically defined polygons using a 6.5-km (4-mile) radius from a point
representing the approximate center of the Parks SLDA. Maps displaying the patterns in the data
were then created. Using these methods, the spatial distribution of certain populations with specific
attributes (i.e., percent Hispanic or percent black), was examined. The lack of Asians in Parks
Township (see Table 4.1) precluded analysis of that group.

Table 4.1. Number of minority residents within 6.5 km (4 miles) of Parks SLDA
Armstrong
County

Westmoreland
County

12,747

14,891

285

249

Asian or Pacific Islander

0

0

0

Native American

6

15

0.1

17

57

0.3

Total population
Blacks

Hispanic (any race)

Percent of total population
within 4-mile radius

1.9

The results of the assessment indicate Armstrong County has fewer groups of black populations
than Pittsburgh (the nearest metropolitan area) or the state as a whole. Approximately 0.7 percent of
Armstrong county is black, 0.1 percent is Native American, 0.2 percent is of Asian and Pacific
origin, and 0.2 percent is Hispanic (any race). The major population group (99 percent) is white.
Approximately one quarter (25.9 percent) of Pittsburgh's population is black, 1.6 percent is Asian or
Pacific Islander, 0.2 percent is Native American, and 0.9 percent is Hispanic. The State's
overall percentage of blacks averages 9.2 percent of its total population, 1.1 percent is Asian and
Pacific Islander, 0. 1 percent is Native American, and 1.9 percent is Hispanic. Table 4.1 presents data
on racial and ethnic composition of the populations for Armstrong and Westmoreland counties and
the total population within 6.5 km (4 miles) of the SLDA.
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Table 4.1 also presents data on the number of minority residents within a 6.5-km (4-mile) radius
of the Parks SLDA. Approximately 1.9 percent of the total population within the radius is black,
some in close proximity to the SLDA. All minorities combined account for about 2.3 percent of the
population within a 6.5-km (4-mile) radius of the Parks SLDA.
In addition, the number of persons living below the poverty threshold and below 50 percent of
the poverty threshold for Parks Township was compared with similar figures for Armstrong County,
the surrounding counties, the Commonwealth, and Pittsburgh. Families and unrelated individuals are
classified separately as being above or below the poverty threshold using the poverty index
originated by the Social Security Administration in 1964 and later modified by Federal Interagency
committees in 1969 and 1980. The poverty index is based solely on monetary income and does not
include non-cash benefits such as food stamps, Medicaid, or public housing. Instead, the index
reflects the consumption requirements of families based on their size and composition.
Figures from the 1990 Census (Table 4.2) indicate 12.8 percent of persons living in Armstrong
county had incomes below the poverty threshold, with 5.4 percent of the population having incomes
below 50 percent of the poverty level. These figures are slightly higher than the state average of
11.1 percent of the population with incomes below the poverty level and 5.1 percent with incomes
below 50 percent of the poverty level. Comparatively, in Pittsburgh 21.4 percent of the population
has incomes below the poverty threshold and 11.3 percent have incomes below 50 percent of the
poverty threshold. Table 4.2 presents data for Parks Township, Armstrong County, the surrounding
counties, Pittsburgh, and the Commonwealth of Pennsylvania.
The number of persons living below the poverty level in both Parks Township and Armstrong
County is similar to the proportion in other rural populations in the United States. Although
Pennsylvania is 31.1 percent rural, both Armstrong County (85.2 percent) and Parks Township
(100 percent) are largely rural (Pennsylvania State Data Center 1995). Parks Township appears to be
transitioning into a typical suburban area with the continued loss of farmland (over 10.5 percent
change between 1980-90), greater access to urban areas, and thrust for economic development.
Some minority groups may exist in close proximity to the SLDA, but no mitigation is indicated
for any of the proposed alternatives. There is little if any potential for contamination of natural
resources consumed by low-income or minority groups. No impacts on children were found
(Section 3.5.2.4)
Based on the very low minority populations in the area near the Parks SLDA site and income
statistics that show the percent of persons with income below the poverty line, there would be no
notable impacts to minorities and low-income households from any of the alternatives.
4.1.2 Geology
This section discusses impacts related to mine collapse, seismicity, landslides, and soil erosion
under the no action alternative. Soil and sediment contamination adjacent to seeps also are discussed.
4.1.2.1 Stratigraphy/subsidence
Without stabilization, the coal mine would likely collapse within the next 1000 years. Impacts of
mine collapse include fracturing of overlying strata as well as slight subsidence of the ground
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Table 4.2. Money income and poverty (1990 Census figures)
Money income (dollars)

0~~

Percent below poverty level

Place

Median family

Per capita

Armstrong County

27,024

10,565

22,554

10.3

12.8

Allegheny County

35,338

15,115

28,136

8.7

11.5

Butler County

34,647

12,747

29,358

7.1

9.7

Clarion County

26,488

9,698

21,602

12.1

18.1

Jefferson County

26,208

10,580

22,063

10.9

13.6

Indiana County

27,893

10,260

22,966

12.4

18.7

Westmoreland County

31,360

12,612

25,736

10.3

10.7

Parks Township

24,714

9,683

23,302

14.8

17.3

State of Pennsylvania

34,856

14,068

29,069

8.2

11.2

Median
household

Families

Persons

Note: The poverty index is based solely on money income and does not include non-cash benefits such as food stamps, Medicaid, and public
housing.
Sources: Pennsylvania State Data Center, 1995 Armstrong County Data Book; Pennsylvania State Data Center, 1995 Westmoreland County

Data Book; and U.S. Department of Commerce, Bureau of the Census, 1990 Census of Population and Housing.
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surface. Because the upper trenches are underlain by 18 to 30 m (60 to 100 ft) of overburden,
sinkholes would not be expected to form immediately beneath the trenches unless a downslope
trench in the upper trench area overlies a haulage-way. The formation of sinkholes at the surface
would not be expected in overburden that is thicker than 6 to 9 m (20 to 30 ft) above the mined-out,
1-m (3.5-ft) thick, coal seam, or thicker than 14.5 to 19 m (48 to 64 ft) above the 2.5-m (8-ft) high
underground haulage-ways. The vertical fractures caused by subsidence in overlying strata may
temporarily drain overlying aquifers (perhaps trench leachate as well) into the collapsed coal mine.
Such fractures may eventually reseal. Subsidence could cause subtle disruption of surface drainage.
If sinkholes were to develop, they could profoundly disrupt surface drainage. Trench 10 lies directly
on underclay where coal has been strip-mined. However, sinkholes could form immediately upslope
from Trench 10 and cause considerable disruption of surface drainage there.
The earthquake hazard in western Pennsylvania (seismic zone 1 of the UBC, ICBO 1994) does
not add significantly to the risk of mine collapse. In the no action alternative, the underground mine
is the only man-made structure that could affect the SLDA.
Without remediation, landslides could occur along the oversteepened mine bench adjacent to
and upslope from Trench 10. In this case, landslide debris would come to rest on top of Trench 10.
Surface and subsurface drainage pathways could be altered along the landslide scar on the mine
bench.
4.1.2.2 Soils
The Universal Soil Loss Equation (USLE) was used to analyze the effect of sheet erosion on the
unremediated waste trenches. The USLE analysis suggests that 1.2 m (4 ft) of soil cover material
would require more than 1000 years to be eroded away.
Gully erosion and slope destabilization are more problematic than sheet erosion. Without
remedial gully erosion and slope stabilization controls, headward extension of gullies in Dry Run
could expose the trench waste in the long term. Exposed waste would eventually become mobilized
and redeposited downstream on Dry Run and in the Kiskiminetas River. Wind erosion also could
mobilize waste materials which are exposed by gully erosion. Wind-eroded waste would eventually
settle out along wind breaks in upland areas.
It is uncertain whether these erosion-related impacts would occur in the next 1000 years.
Uncertainty is increased by the potential for slope destabilization during a major flood on Dry Run.
Oversteepened slopes could trigger headward gully erosion in areas that were previously stable.
At present, seeps on slopes adjacent to Dry Run and a coal seam spring near Carnahan Run
generally display only background levels of radioactivity. Results of the groundwater modeling
analysis of potential future contamination in a well drilled in Dry Run suggest that radioactivity
could reach about 40 pCi/L (1.5 Bq/L) in seeps along the trench side of Dry Run over more than
1000 years (see Appendix E, Section E.3). Eventually, small amounts of soluble uranium in these
seeps could be adsorbed on sediments and soils along Dry Run. The impact on Dry Run's sediments
from contaminated surface seeps would be minimal.
A similar analysis of the spring adjacent to Carnahan Run suggests that future contamination
would not be measurable because of dilution by coal mine water. The coal mine spring is
significantly more free-flowing than Dry Run. Estimated flow in this spring was between 50 and
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100 gpm (270 and 540 m3/day) during the summer of 1995 at the same time that Dry Run was
essentially dry. Soils downslope from the spring above Carnahan Run would continue to be affected
by acid mine drainage but would not be affected by the SLDA.

4.1.3 Hydrology
The SLDA site has been characterized through a series of geological surveys, monitoring wells,
and hydrologic tests. Although the site characterization program was comprehensive, it indicated that
the site is extremely complex hydrologically and geologically, with rapid geological changes over
short distances. The simple conceptual model of site hydrology used in the present analysis,
therefore, is deliberately conservative, but it must still be interpreted with caution.
4.1.3.1 Groundwater
For the upper trenches (1-9), the first zone that would yield sufficient quantities of groundwater
for a well might be the "first shallow bedrock zone." Although there might be groundwater flow in
some of the overburden soil, there is higher probability of flow in the weathered bedrock zones. The
shallow bedrock is described as having little primary porosity, with groundwater flow and storage
mostly in secondary features such as fractures, joints, and dissolution cavities (ARCO/B&W 1994).
Wells drilled on the site close to one another often yielded substantially different quantities of water,
suggesting that water was being carried in discrete fractures. Measured permeabilities from well tests
showed some values substantially higher than the mean, which may indicate that these wells intercept
fractures with higher permeabilities than the rock matrix.
The hydraulic gradient in the first shallow bedrock zone is in the direction of Dry Run, which is
probably the sink for groundwater for at least the first shallow bedrock zone. Low concentrations of
VOCs present in the trenches have been found in wells installed in the first shallow bedrock zone and
in water discharging to the stream. Elevated levels of uranium have not been found, however,
probably because of the relatively high retardation of uranium in the trench soil and rock. Under the
no action alternative, contaminants would continue to leach very slowly from the trenches and be
diluted by the groundwater.
A reasonable conceptual model of site hydrology relative to transport of contaminants from the
trenches to accessible supplies of groundwater under present-day, unremediated conditions would be
as follows:
"
"

*

Water infiltrates the surface and percolates vertically to the water table. There is an appreciable
vertical gradient caused by the open underground mine workings.
Contaminants in the trenches carried in the flowing groundwater would be retarded by
interaction with soil and rock. Retardation in the soil is expected to be high (Section 3.5), but at
least some of the trenches are in direct contact with the underlying bedrock and may have little
or no soil beneath them.
The weathered bedrock beneath the trench but above the first shallow bedrock zone would have
lower retardation than the soil. This zone can be characterized as highly weathered sandstone
and siltstone, with closely spaced, discontinuous joints and little directionality.

NUREG-1613

I

I

4-8

I

FNVIONMNT

*

*

*

0
COSQUNE

Groundwater in the saturated zone would be diverted laterally by several zones of higher
perm'eability, particularly the first shallow bedrock zone. Most contaminants would move
laterally while some would percolate deeper and not enter the first shallow bedrock zone.
The portion of contaminated water entering the first shallow bedrock zone would move along
the groundwater gradient toward Dry Run, and eventually to the Kiskiminetas River. The
direction of contaminant migration would be altered by the well pumpage.
A low-probability, upper-bound dose to humans due to intake of contaminated water would be
from wells in the first shallow bedrock zone. Available well logs for users within a 3.2-km
(2-mile) radius of the site indicate that well screen depths are much greater, and wells do not
rely on this shallow unit (ARCO/B&W 1993). Contaminants transported from the trenches to
the water-bearing layers deeper than the first shallow bedrock zone would be attenuated because
of additional dilution and retardation.

In the groundwater analysis in Appendix E, a well would be placed anywhere on site to the
southeast of the groundwater divide near Trench 10 except within a trench. A preferred well location
might be in Dry Run, where a future resident might reasonably expect to drill or dig a higher-yield
well than elsewhere on the site. Uranium concentrations in hypothetical on-site wells were calculated
for three uranium retardation scenarios:
1.
2.
3.

retardation of uranium movement in soil, weathered bedrock, and the first shallow bedrock
zone;
no retardation in soil, because some of the trenches may be founded directly on bedrock; and
no retardation in soil or weathered bedrock to account for possible fracture flow pathways.

Under the first scenario, which available site characterization data indicate represents the most
likely site conditions, none of the hypothetical wells would receive any uranium within 1000 years.
Under the second scenario, which limits retardation only to the bedrock strata, only 3 of the
765 modeled wells had non-zero uranium concentrations at 1000 years. Only under the third
scenario, which assumes no retardation of uranium in either the soil or bedrock, were there
substantial numbers of on-site, hypothetical wells that could receive non-zero uranium
concentrations. The arithmetic average concentration would be 160 pCi/L (6.0 Bq/L), with a
maximum uranium concentration of about 670 pCi/L (24.8 Bq/L). Under the third scenario, the
maximum concentrations of uranium leaving the trenches would cause the uranium source in the
trenches to be depleted after about 100 years. Scenarios 1 and 2 are more realistic for the Parks
SLDA because some retardation of uranium is expected. See Appendix E for a detailed discussion of
the uranium groundwater transport analysis.
4.1.3.2 Surface Water
Contaminated surface seeps on Dry Run would produce a localized impact on surface water.
Seeping groundwater contaminated with uranium [up to 40 pCi/L (1.5 Bq/L); see groundwater
modeling analysis, Appendix El would be diluted by a factor of 1,000 or more by run-off from Dry
Run during winter and further diluted by a factor of 10,000 beyond the mixing zone in the
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Kiskiminetas River. Groundwater seeps generally are dry during summer. Radioactivity would be
unmeasurable beyond the weir on Dry Run [less than 0.1 pCi/L (.0037 Bq/L)]. The impact on Dry
Run's sediments is discussed in Section 4.1.2.2.
Under the no action alternative, surface water in Carnahan Run would continue to be impacted
by acid mine drainage, but uranium concentrations would be diluted to levels below detection limits.
4.1.4 Air Quality and Noise
No adverse effects on air quality and noise from the no action alternative are likely in the
foreseeable future. However, intruders or natural events could eventually expose the buried waste
material, possibly leading to the release of appreciable amounts of contaminants to the atmosphere.
Inadvertent intrusion by humans could include excavation for a basement or utility lines. It is not
possible to estimate the cause or magnitude of such intrusion or the extent of exposure of
contaminated material. However, some possible pathways are discussed in Section 4.1.5 (Human
Health). Exposed contaminated particulate matter is subject to wind erosion. Exposed objects of
larger size could become airborne in the unlikely event of a tornado. The probability of natural or
human-induced events leading to exposure of contaminated materials could be reduced by the B&W
proposed action or one of the other alternatives considered in this document.
Because the site is currently covered with vegetation, fugitive dust associated with the no action
alternative is expected to be negligible. Even the very high wind speeds associated with such an
unlikely and infrequent event as a tornado would not be expected to remove as much as 1% of the
material overlying the trenches. In any case, analysis of surface soil and subsurface soil outside the
trenches has indicated that soil contamination is not sufficient to add appreciably to health risks.

I
I

4.1.5 Human Health
This section describes the human health impacts of the no action alternative, that is the
alternative of leaving the trenches in their current configuration without additional processing,
stabilization, or controls (Section 2.1). Under current conditions, access to the site is restricted and
radiation exposures to the public could only occur if contaminated groundwater migrated off site and
was used for drinking water. As explained in Appendix E, uranium is extremely immobile in soil at
the Parks SLDA. Consequently, the staff do not find the groundwater pathway (i.e., migration of
uranium from the trenches and through the soil to the first aquifer beneath the trenches) to be
credible at this site. However, if control of the site were terminated and knowledge of the site's
history and potential hazards were lost, inadvertent intruders might receive radiation doses by
exposure to the materials on the site through other pathways.
For decommissioning licensed sites, the maximum allowed concentrations of uranium for
unrestricted access are 30 pCi/g (1.1 Bq/g) enriched uranium, 35 pCi/g (1.3 Bq/g) depleted uranium,
and 10 pCi/g (0.4 Bq/g) natural uranium (NRC 1995). Because the uranium concentrations in each of
the SLDA trenches are above these levels, unrestricted access is not possible and an exemption from
NRC's current regulations would be required for decommissioning the site. NRC's final rule on
radiological criteria for license termination (i.e., decommissioning) (NRC 1997) would establish a
dose criterion of 25 mrem/year for unrestricted use of the site. In addition, the rule would establish
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criteria for release under restricted conditions. The NRC limit for total effective radiation dose
equivalent to an individual member of the public from operation of a licensed facility is 100 mrem/yr
(10 CFR 20.1301). Consequently, this and subsequent sections on human health will compare
projected doses to the 100 mrem/yr dose level. (Other radioactive isotopes are present in the trenches
but result in doses that are small relative to uranium.)
The uranium emplaced in the trenches had been separated from its naturally occurring progeny
prior to its arrival at the site. As uranium progeny approach equilibrium with the parent uranium, the
potential doses become much larger than those from uranium alone. Consequently, the longer the
uranium remains in place, up to about 187,000 years in the future, the higher the potential dose to
persons exposed to the waste trenches will be. To account for the ingrowth of progeny, the discussion
of doses to the public includes the time dependence of those doses. (The methods for calculating
doses from progeny are described in Appendix C.) Because the NRC has determined that the
performance period for evaluating decommissioning proposals will be 1,000 years after
decommissioning (NRC 1997), this and subsequent human health sections will report potential doses
for periods up to 1,000 years after decommissioning.
Under the no action alternative, no remediation of the site would occur and controls, monitoring
and maintenance would be terminated. Consequently, inadvertent intruders could be exposed to
radiation doses if they were to excavate in the trench area for establishing a residence. With no
control of the site, the highest doses would be the result of an intruder who takes up permanent
residence on the site, excavates, in or near the wastes to build the foundation of his house, digs a
water well in the site and grows a substantial fraction of his food on the site in soil contaminated by
material from the trenches. Because uranium is highly immobile in the soils at the Parks SLDA, the
staff have concluded that intruder consumption of groundwater contaminated with uranium is not
possible at the Parks site (Appendix E). Consequently, the analysis of potential intruder doses
excludes the drinking water pathway (Appendix C). Finally, for the reasons presented in SECY 97046A (NRC 1997), the radon pathway is excluded from the analysis.
Under these conditions, the potential total effective radiation dose to a hypothetical intruder is
conservatively estimated to be approximately 42 mrem/year if the intruder occupied the site shortly
after the no action alternative was implemented. The potential total effective dose would increase to
approximately 55 mrem/year about 1,000 years later (Appendix C.4). These doses are safely below
the 100 mrem/year regulatory limit for the specified period. However, under both NRC's current
release criteria and the final rule on radiological criteria for license termination, the site could not be
released for unrestricted use.
Surface soils in the vicinity of Trench 10 were sampled and analyzed for the radiological
contaminants 1 4'Am and 24 1pu (Section 3.5). Two individual samples analyzed for 24"Am exceeded
NRC (1983) guidance for unrestricted use of 30 pCi/g (1.1 Bq/g), the highest being 62 pCi/g
(2.3 Bq/g). Five samples tested for 24 pu exceeded the NRC (1983) guidance for unrestricted use
value of 25 pCi/g (1 Bq/g), with the highest being 49 pCi/g (1.8 Bq/g). The licensee has committed to
cleaning up any Am or Pu contamination to levels below NRC's unrestricted use criteria. Therefore,
the staff has not estimated potential dose from 24 'Am and 241pu for the no action alternative or any of
the other alternatives.
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4.1.6 Ecology
Under this alternative, the trenches and the wastes would be left in their existing locations and
condition without any further remediation. The principal pathway for exposure of local biota to the
contaminants in the wastes is subsurface migration of contaminant-bearing leachate from the
trenches to the land surface and its surface waters via groundwater movement. Contaminated
groundwater may discharge through seeps into Dry Run on the site and subsequently into the
Kiskiminetas River to the west (if Dry Run is flowing at a sufficient rate to reach the river), or
through coal mine discharge into Carnahan Run offsite to the southeast (Figure 1.2). Local plants and
animals may be exposed to low levels of contaminants at any point from which the leachate
discharges from the earth (seeps or springs) to the permanent surface waters downstream.
4.1.6.1 Terrestrial Ecology
As discussed in Section 4.1.3.2, under the no-action alternative, the intermittent seeps along Dry
Run could eventually yield total radionuclide concentrations of up to 40 pCi/L (1.5 Bq/L) (assuming
no retardation of uranium transport), mostly uranium isotopes from trench wastes. By the time the
few liters per minute of water flowing from these seeps mixes with flow in Dry Run, the
radionuclides and relatively low concentrations of chemical contaminants will have been diluted by a
factor of 1000 or more (Section 4.1.3.2). At less than 0. 1 pCi/L (0.0037 BqJL) attributable to
trench-related contaminants, radionuclides (as well as chemical contaminants) would be virtually
unmeasurable in Dry Run. Dilution of any flow from Dry Run by the Kiskiminetas River would
further dilute contaminant concentrations by a factor of about 10,000. It follows that post-dilution
levels of contaminants would be so low that they would pose little if any hazard to plants, mammals,
birds, reptiles, amphibians, and other terrestrial organisms utilizing Dry Run and its associated
wetlands, or the Kiskiminetas River.
The very few organisms that may reside in, grow adjacent to, or drink directly from the seeps
themselves would be exposed to the full concentrations of seep contaminants. However, a
comparison of published toxicological benchmarks for terrestrial wildlife in Table 4.3 (concentration
in drinking water expected to have no adverse effects) with maximum concentrations measured in the
seeps indicates that terrestrial organisms are unlikely to incur dangerous exposures to chemicals.
With respect to the chemical toxicity of uranium in the seep water, if we assume a specific activity of
10 /Ci/g (3 70 kBq) and the maximum possible radiological concentration of 40 pCi/L (1.5 Bq/L), the
chemical concentration of uranium is calculated to be approximately 8 mg/L. As shown in Table 4.3,
this concentration of uranium is unlikely to be chemically hazardous to terrestrial organisms in the
area (Opresko et al. 1995; Will and Suter 1995).
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Table 4.3. Preliminary screening of constituents of
interest in surface water seeps
Constituent

Maximum detect
(ug/L)

Ambient water quality criteria
for aquatic life'a a/L)

Aluminum

650

87

Antimony

5

610

Arsenic

12

Barium

100

48
-

Beryllium
Cadmium
Calcium
Chromium

3

5.3"

6
35,000
13

1.1
-

11l
-

Cobalt

10

Copper

40

1,1-dichloroethane

15

8-hydroxyquinoline

90

20,000
-

11,000

1,000

Iron
Lead

10

12

Magnesium

14,000

3.2+
-

Manganese

2,100

-

Mercury
Nickel

0.8
30

Potassium

1,900

Silver

20
6,200

Sodium
Thallium
Tributylphosphate

3
110

Uranium

8

Vanadium

14

Vinyl chloride

17

Zinc

59

0.012
160+
0.12
40
-

110

"As presented in U.S. EPA 1986b.
"Water quality criteria for hexavalent chromium was used because it is most conservative.
'Lowest concentration reported to be toxic at chronic exposures is 142 ,ug/L (Suter and Mabrey 1994).

"-" indicates that no criterion is available for this constituent.
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Table 4.4 shows estimated radiological doses for terrestrial and aquatic organisms that might use
the seeps. Even given the maximum possible radiological concentration of 40 pCi/L (1.5 Bq/L), the
uranium content appears to be far below radiotoxic levels for organisms residing in or otherwise
heavily utilizing the seep water. As the estimated doses in this table and Section 4.1.6.2 below
indicate, even aquatic invertebrates and other lower organisms living in the seep water itself are
unlikely candidates for radiotoxic effects.

Table 4.4. Estimated internal radiological dose to aquatic and terrestrial
organisms in or utilizing seep water containing
a maximum of 40 pCi/L (1.5 Bq/L) uranium
Dose, rads/daY

Organism ab
Fish

0.000085

Aquatic invertebrates

0.00085

Aquatic plants

0.0085

Deer

2.2 x 10-'

Safe limit, aquatic populationsc

<0.5

Safe limit, terrestrial populationsc

<0.05

'Aquatic dose estimates calculated from dose assessment model in Blaylock et al.
1993.

hDeer dose estimate based on consumption of 2.0 L seep water per day and dose

conversion factor for ingestion by humans of 0.00027 mrem/pCi (Sect. 4.1.5.1).
.'Interim limit for protection of aquatic and terrestrial populations of I and 0.1 rad/day,
respectively, as set forth by the U.S. Department of Energy at DOE Order 5400.5.
'No limit has been established.
fi rad = 0.01 Gray.

No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
4.1.6.2 Aquatic Ecology
As with terrestrial organisms discussed above, the only hazard of possible consequence to
aquatic organisms under the no-action alternative is to those organisms that may live in the undiluted
seep water itself. However, Table 4.4 shows that even radiological doses based on the maximum
possible uranium concentration of 40 pCi/L (1.5 Bq/L) to any aquatic organisms residing in the seeps
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fall well below I rad/day (0.01 Gy/day), the threshold below which the available evidence indicates
that aquatic populations are not significantly affected (IAEA 1992; National Research Council of
Canada 1983). As indicated in Table 4.3, chemical toxicity of uranium is generally not evident below
about 140 /zg/L. The highest chemical concentration of uranium in seep water is about 8 gg/L.
On the other hand, Table 4.3 also suggests that several heavy metals in the undiluted seep water
may be toxic to aquatic organisms (i.e., cadmium, chromium, copper, iron, lead, manganese,
mercury, and silver). Severe habitat restrictions such as the very small size and intermittent nature of
the seeps, however, make it unlikely that aquatic organisms that are intolerant of these contaminant
levels would ever become permanently established. Thus, no measurable adverse effects on
populations of aquatic biota would be expected. It should be noted that the contaminant
concentrations in seep water shown in this table are the maximum values detected and that average
concentrations (and therefore toxicity to aquatic organisms) are probably substantially lower.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
4.1.7 Criticality Assessment
A detailed discussion of criticality is presented in Appendix G. Evaluating the likelihood of
criticality at the Parks Township SLDA required (a) assessing the inventory of fissile material,
(b) considering possible processes that could result in the assemblage from a dispersed state of a
potential critical mass, and (c) determining whether the neutron dynamics of the potential critical
mass could be conducive for criticality. Uncertainties associated with natural processes and events
over long time frames (i.e., 1Os to 100s of thousands of years) are large, and proof of the presence or
absence of redistribution and concentration mechanisms for uranium cannot be demonstrated in the
ordinary sense of the word. The NRC staff's efforts, therefore, were directed toward determining that
there was reasonable assurance, making allowances for the time period and uncertainties involved,
that the potential for a critical mass to form at Parks Township SLDA was so unlikely that criticality
need not be considered further.
Determining the overall likelihood for the formation of a potential critical mass requires
evaluating the relative importance of processes that could redistribute 235U in light of the quantity of
this material present in the trenches. The inventory of 235U in any trench at the Parks Township
SLDA is on the order of IOs and not I 00s of kilograms. Accumulation of a critical mass of 235U
within a single trench would require a highly efficient concentration mechanism to operate at the
expense of other more likely redistribution processes. Although the results of staff's review and
analysis do not rule out the possibility of a critical mass forming with time, they do indicate that the
likelihood of criticality occurring is extremely unlikely and need not be addressed further in this
DEIS.
4.1.8 Mitigation
The wastes in the Parks SLDA trenches are not currently adding to the background doses to the
surrounding population because access to the site is restricted and releases from the site are
extremely low (Section 3.5). Mitigation of no action in the form of institutional controls would
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virtually eliminate inadvertent intrusion into the trenches, thus eliminating any threat to human
health.
Unrestricted use of the site involving resident farmer/intruder scenarios could present
unacceptable doses (Section 4.1.5). By comparison, for a period of time, the SIP and SOS
alternatives would be less likely to result in unacceptable doses by making intrusion into the wastes
and use of site groundwater more difficult (Section 4.2 and 4.4). However, the time frame over which
these alternatives would be effective cannot be quantitatively assessed. In fact, it must be assumed
that the engineered barriers would eventually fail. Therefore, institutional controls, maintenance, and
monitoring must be included with any disposal alternative that involves leaving the wastes at the
Parks SLDA site.
4.1.9 Irreversible and Irretrievable Commitment of Resources
The no action alternative would continue to impact community resources by permanently
removing the Parks SLDA property from commercial or private development.

4.2 STABILIZATION IN PLACE
Stabilization in place is the licensee's proposed action. It involves isolating the wastes in place
and in a relatively dry condition through the use of engineered barriers. (Section 2.2).

4.2.1 Community Resources
Impacts occur to an area based primarily on removing property from or adding it to the tax base
and on the size and structure of the expected workforce during the construction and operation of the
facility. Impacts can include in-migration of workers and dependents during construction,
operational, or shut-down phases of the project. Changes may have beneficial or detrimental impacts
and may affect a local community or an entire region. Often local jurisdictions must increase
infrastructure before the receipt of revenues from a proposed project. In some cases, the quality of
life for residents is affected by decisions about proposed projects. The alternative of remediation onsite with mine stabilization would not result in any revenue expenditures. The community, but could
remove the 16-ha (40-acre) property from the tax base in perpetuity.
The analysis in Section 4.1.1.3 indicates that there would be no notable Environmental Justice
impacts.
4.2.1.1 Demographics and Housing
The licensee estimates a total of 25,000 person-hours to complete the in-situ stabilization with
coal mine grouting. Plans are to complete the project in 2 years. Thus the estimated average
manpower (2000 h per person) at the site would be 6.5 full-time workers on-site. However, the labor
force could peak at 20 to 30 persons for a short period of time.
Given the large regional labor pool as well as the limited workforce for the proposed action,
SIP, little or no impact on local community resources and infrastructure would be likely to occur.
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This includes impacts on housing, medical facilities, police and fire protective services, schools,
recreational facilities, and sewage treatment facilities. It is likely that food or commercial
establishments catering to vehicle traffic along Route 66 could benefit from the slight increase in
workforce.
4.2.1.2 Transportation
Local transportation routes, especially Kiskimere Road, would likely be affected by the increase
in traffic for the SIP alternative. Little traffic, other than occasional site visits by maintenance
personnel, would occur after construction of the engineered structures were completed. However,
during the 2-year period of construction for the proposed alternative, trips by construction crews and
trucks could result in substantially increased traffic, especially since Kiskimere Road currently has
limited traffic use, mainly by residents.
4.2.1.3 Community Response
Manifestations of overall community reaction against the proposed in-situ remediation actions
are lacking. Evidence provided in Section 3.1.1.1 indicates the Parks Township population has
remained steady and out-migration of residents is not occurring rapidly. Although overall median
housing values within Armstrong County have declined an average of 15 percent from 1980 to 1990,
median housing values have remained relatively constant for Parks Township. This is in contrast to
Apollo borough, which has seen a decline in median housing values of 26 percent for the same
period.
Political leadership patterns have remained steady, and the township supervisor who supports
the B&W activities was reelected. Furthermore, economic development plans continue to expand for
the area; there is a proposal for a light industrial park less than 8 km (5 mi) from the Parks SLDA.
Having examined the history and some of the indicators of change within the existing
community social structure, staff cannot find that significant changes would occur in the ways people
live, work, and relate to one another within the community under the proposed alternative of in-situ
remediation with mine stabilization. It is also likely, however, that development of residential
property near the SLDA would remain slow as long as negative publicity continues in media outlets
regarding other potentially contaminated sites in the area.
4.2.1.4 Cultural Resources
Because there are no archaeological or historic resources on site (Appendix B), the potential for
disturbing or degrading these types of resources is not expected. Given the previous disturbance
associated with trench digging and maintenance of the site, as well as the lack of structures on the
site, it is unlikely that construction activities would affect any archaeological or cultural resources
(Section 3.1.2).
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4.2.1.5 Land Use
The SIP alternative could result in the property's being restricted and monitored on a periodic
basis in perpetuity. This would require resources to be expended by indefinitely until the wastes in
the trenches were no longer considered an environmental concern (e.g., thousands of years) or were
remediated. If the restriction precludes any future development, including use as a park or passive
use of the surface area without intrusion, the site would have no economic value to the community
nor to private interests. However, if it were routinely maintained, the site could provide a greenscape
between commercial properties along Route 66 and the areas currently being developed for
residences above the SLDA. The value of this greenscape to the community would be decreased by
the presence of barrier fences and the lack of access by the public.
The NRC recognizes that it may not be reasonable to remediate some sites to a level that permits
release to unrestricted use. There are two aspects to the restriction-the qualitative (or social)
assessment and the economic assessment. Retention of the in-situ waste is opposed by some residents
and area groups. Direct data supporting the position that the in-situ alternative promotes a stigma and
thus detracts from desirable economic development are not available.
As the urban population continues to move outward from Pittsburgh, pressures to develop
commercial and residential properties in the vicinity of the SLDA will likely continue. The long-term
restriction on the Parks SLDA is unlikely to affect development of adjacent commercial properties,
but it could affect the types of residential development adjacent to the site. There is no evidence that
structures near the site (Kiskimere) are being vacated because of fears about the SLDA, although few
residences have been built above the upper portion of the SLDA within the past 5 years. Section 5
discusses potential impacts on property values.
4.2.2 Geology
This section discusses impacts related to seismicity, subsidence, sinkhole formation, and
landslides for the SIP alternative.
4.2.2.1 Stratigraphy/subsidence
Remediation structures would be designed to withstand PGAs of up to 0.13 g. Based on data
provided by FEMA (1988), Algermissen et al. (1992), and ICBO (1994), the PGA in Seismic Zone 1
of the UBC (where Armstrong County is located) is not expected to exceed 0.13 g during the
1000-year performance period of the SLDA. Repeats of the three most recent earthquakes in
Pennsylvania would not affect remediation structures because such earthquakes would produce no
PGA. Earthquake-induced liquefaction and ground motion magnification potentials are slight
because unconsolidated soils and sediments are thin and not completely saturated. Bedrock lies
within 6 m (20 ft) of the surface.
Mine stabilization would considerably reduce the magnitude and potential for subsidence
beneath the upper trenches and beneath the mine bench adjacent to Trench 10. Eventual collapse
outside mine-stabilization areas might alter groundwater flow regimes adjacent to, but not beneath,
the trenches. Under this alternative, the coal mine aquifer would fill more rapidly and further dilute
any trench-related contaminants that might be present. Change could occur in the drainage rate of the
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coal mine aquifer to Carnahan Run. The increased hydraulic gradient would be offset by conversion
from open channel- to fracture-flow in the mine.
Sinkholes reach the surface in overburden that is no more than six to eight times the thickness of
a mined-out coal seam [in this case, roughly 6 to 9 m (20 to 30 ft) above the 1.1-im (3.5-ft-) thick
Upper Freeport coal seam]. Stabilization of the mine beneath the steep bench adjacent to Trench 10
would considerably reduce the magnitude of and potential for sinkhole development in that area.
Sinkholes are not expected to occur beneath or adjacent to the upper trench area regardless of mine
stabilization because the overburden thickness generally exceeds 18 m (60 ft).
Storm- or earthquake-induced landslide potential would be reduced in the upper trench area by
(1) the rerouting of Dry Run, (2) the reduction of slopes adjacent to Dry Run, and (3) the
emplacement of riprap on slopes adjacent to Dry Run. Landslide potential would be reduced in the
Trench 10 area by (1) the grouting of waste and (2) the emplacement of riprap along the toe of the
mine bench.
4.2.2.2 Soils
Emplacement of an intrusion barrier and cover would reduce the potential for the waste to be
uncovered by sheet erosion. Gully erosion would be reduced by displacing the channel of Dry Run to
the far side of the valley, reducing the slope angle toward Dry Run, and emplacing riprap along the
landscaped slope. Reduction of slope and emplacement of riprap would also enhance slope
stabilization.
Riprap would be expected to remain in place during the 1000-year performance period. Riprap
would be properly sized to resist displacement during a PMF and selected for its durability to resist
weathering. Alternatively, non-durable riprap would be oversized sufficiently to meet the long-term
performance objective.
Leachate-contaminated groundwater would be prevented from reaching seeps (thus preventing
the contamination of soils along Dry Run) by the slurry wall, grout curtain, hydraulic control borings,
and diversion channels that surround the upper trench area. The engineered cap and intrusion barrier
would reduce infiltration.
4.2.3 Hydrology
If all of the remediation works function as designed, partially saturated conditions would be
maintained beneath the trenches and inside the slurry wall, grout curtain, and hydraulic control
borings. This would prevent a hypothetical future resident from installing a well with sufficient yield
close to the trenches, where contaminant concentrations would be the highest under the no action
alternative. The remediation works would also prevent lateral movement of contaminants in the soil
and first shallow bedrock zone to Dry Run. Contaminated seepage from the trenches would be
directed downward to the coal mine and be attenuated by retardation in the bedrock and dilution by
coal mine waters.

NUREG- 7613

4-19
4-19

NUREG- 1613

ENVIONMNTA

COSQUNE

4.2.3.1 Groundwater
Remediation structures (i.e., the cap, slurry wall, grout curtain, and hydraulic control borings)
would be designed to maintain unsaturated conditions in the soil and first shallow bedrock zones,
prevent lateral movement of groundwater and contaminants in the soil and first shallow bedrock
zones, encourage downward movement of groundwater to the coal mine, and promote attenuation of
any groundwater contamination by retardation and dilution. The cap would serve to slow infiltration,
limit the leaching of contaminants from the trenches, and maintain partially saturated conditions
beneath the trenches. The slurry wall would function to prevent lateral movement of groundwater
into the trenches excavated in soil, prevent lateral movement of seepage from the trenches toward
Dry Run, and promote downward vertical movement of trench seepage through soils and bedrock.
The grout curtain would serve to prevent lateral movement of groundwater in the first shallow
bedrock zone and direct the movement of trench leachate downward through the second shallow
bedrock zone and to the coal mine. The purpose of the hydraulic control borings would be to capture
groundwater moving laterally into the area beneath the trenches, to help maintain partially saturated
conditions in the bedrock under the trenches, and to direct perched groundwater into the coal mine
aquifer.
Grouting of the coal mine beneath the trenches would not result in the complete filling of the
mine voids (Section 2.2.6). Groundwater flow paths through the mine would be altered, but pathways
would be available for continued flow through the mine. Neither ground water quality nor
groundwater flow would be noteably altered by grouting of the mine.
Dewatering of the soil and shallow bedrock beneath the trenches might diminish or stop
discharges to seeps along Dry Run. The cone of depression should not extend more than a few tens of
feet beyond the perimeter of the remediation works (i.e., the hydraulic control borings). Off-site
groundwater supply wells in Kiskimere would not be affected, since they are completed in the deep
bedrock aquifer which would not be impacted by dewatering of the shallow bedrock.
If some of the engineered features remained intact for the 1000-year performance period, most
of the groundwater flow would be directed downward to the abandoned coal mine. Some trenchrelated contaminants in the groundwater might reach seeps along Dry Run, but at concentrations less
than the 40 pCi/L (1.5 Bq/L) previously predicted in the no action alternative.
Not all engineered features would be expected to fail during the 1000-year performance period.
Surface features (such as the cap and diversion channel) might fail first because they would not be as
well protected from interaction with the atmosphere, biosphere, or hydrosphere as are buried features
(such as a slurry wall, grout curtain, or hydraulic control borings). This failure would be expected to
occur gradually, not as a catastrophic failure.
The failure sequence suggests the possibility that the trenches could become filled with water
(known as the bathtub effect). Dilution by precipitation infiltrating through a failed cap and runoff in
Dry Run would reduce the radioactivity of the leachate to 20 pCi/L (0.7 Bq/L).
It has been the practice at some coal mines to seal the exits in order to diminish the effects of
acid mine drainage. While this coal mine has not been sealed, it is conceivable that in the future such
remediation might be attempted. If the seal were total, the water level in the mine would increase and
the vertical gradient would diminish. This would reduce the drainage from the site, placing reliance
on the other engineered structures to remediate the releases. Effectual sealing is not likely at this site
however, because the mine workings are surrounded on three sides by surface water, and there are
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multiple drainage paths that would be very difficult to find and seal. Even if it were possible, mine
sealing would not be a significant factor in the analysis of concentrations under unremediated
conditions or total failure of the engineered barriers.
4.2.3.2 Surface Water
The proposed action would divert groundwater away from seeps along Dry Run and toward the
coal mine aquifer as discussed. Acid mine drainage is currently slightly contaminated by 5-percentenriched uranium from Trench 10. Over the long-term (; 1000 years), acid mine drainage might also
potentially be contaminated to a lesser degree by 15-percent-enriched uranium from the upper
trenches. This drainage emerges in springs along the Upper Freeport coal seam outcrop and upslope
from the north bank of Carnahan Run. Acid mine drainage, already diluted to below detection limits
for uranium, would be further diluted by runoff from Carnahan Run and diluted yet again as it enters
the Kiskiminetas River. VOCs and SVOCs are expected to completely degrade before reaching
Carnahan Run. Carnahan Run would not be impacted by construction excavation activities.
Erosion and sedimentation control plans (ESCPs) would be implemented to reduce impacts on
Dry Run and the Kiskiminetas River during construction activities. Storm runoff (potentially turbid
with slightly contaminated soils or sediments from past activities) from the construction site would
be retarded by silt fences or hay bales and captured in retention basins in Dry Run before it left the
SLDA. Flow in Dry Run is intermittent and generally unmeasurable from May to November. Erosion
and sedimentation control features would be monitored for their effectiveness during and after
significant storm events. Failure of the erosion and sedimentation control system would cause a
temporary halt to major construction activities until the system was repaired or effectively
reconfigured.
4.2.4 Air Quality and Noise
Virtually all air quality and noise impacts from SIP would occur during the construction phase
of the project. With implementation of appropriate mitigation measures during construction, no
noteable air quality or noise impacts would be expected from the SIP alternative.
4.2.4.1 Air Quality
Temporary and localized increases in atmospheric concentrations of CO, NO2, SO 2, respirable
PM- 10, and VOCs would result from exhaust emissions of construction vehicles. Because of the
small amount of construction equipment and the 'small number of construction workers' vehicles
expected on site, these emissions would not be expected to increase pollutant concentrations enough
to cause exceedances of any NAAQS for CO, NO2, SO 2, or PM-10 (no NAAQS presently exist for
VOCs). The NAAQS are set to protect public health and welfare with an adequate margin of safety.
As discussed in Chapter 3, Armstrong County is in moderate nonattainment of NAAQS for
ozone (the only pollutant for which the Parks SLDA area is not in attainment of NAAQS). Ozone is a
secondary pollutant formed fiom complex photochemical reactions involving NO 2 and VOCs. Even
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small increases in vehicular activity, including hauling of materials to the site, would contribute
somewhat to the ozone problem. However, the time required for VOCs and NO 2 emissions to form
ozone is large enough that appreciable dispersion takes place, diluting pollutant concentrations, so
that any increases in ozone concentration resulting from the proposed activity would be expected to
be only a very small percentage of existing concentrations in the area. For example, the number of
vehicles involved in the proposed activity would be only a small percentage of the approximately
71,000 motor vehicles registered in Armstrong County. Further, if the proposed project were not
undertaken, it is likely that some of the workers and construction equipment that would have been
involved would still be engaged at another site in the area, so that regional pollution from
construction activities would tend to remain the same in any case. Therefore it is unlikely that
exhaust emissions from construction-related vehicles would be sufficient to cause any exceedances
of the ozone standard that would not have occurred in the absence of the proposed project.
Respirable particulate matter is emitted directly as fugitive dust from construction activities and
therefore does not have time to disperse before contributing to local PM- 10 concentrations. Because
residences are nearby, construction activities could contribute to exceedances of NAAQS for PM-10
even though PM- 10 concentrations in the area are currently below 50% of the standards (Table 3.18).
However, the proposed action would have to contribute additional concentrations of greater than
80 jig/m2 , for the 24-h average, and 25 1ig/m3 for the annual average before the NAAQS would be
exceeded.
Materials hauled to the site (e.g., sand and gravel) could release some fugitive dust, but covering
the materials during haulage would reduce these emissions to a negligible amount, especially
compared with the amount of fugitive dust released from soil disturbance at the site.
Air-dispersion modeling, using the screening model SCREEN3 (EPA 1995a), has indicated that
fugitive dust resulting from soil disturbance could lead to exceedances of NAAQS for PM-10 at the
residences closest to the site. For example, disturbance of the area covering trenches 1-9, as shown
in Figure 2.1, would expose more than I ha (2.5 acres), which could emit enough fugitive dust to
increase the 24-h average ambient-air concentration, of PM- 10 by more than 100 ptg/m 3 at existing
residences within 300 m (1000 ft) of the construction site. When added to maximum background
concentrations (Table 3.18), the total exceeds the corresponding NAAQS (150 jig/m 3) at the nearest
residences. Therefore, the contractor has explicitly addressed mitigation measures for PM- 10 in their
description and performance assessment of SIP (ARCO/B&W 1995).
The highest PM-10 concentrations at the nearest residences, southwest of the SLDA, would be
expected when light winds from the northeast pass over the construction area and continue on toward
those residences. During the time air passes over an area, it continues to accumulate higher dust
concentrations. If the NE-SW dimension of the disturbed area is kept small, then air moving
southwestward (toward the nearest residences) would accumulate lower dust concentrations than if
the NE-SW dimension of that area were greater.
Simulations were run using the air dispersion models SCREEN3 (EPA 1995a) and ISCST3
(EPA 1995b). Assumptions included worst-case weather conditions and disturbed areas with NE-SW
dimension of 50 to 90 m (about 165 to 295 ft). The results indicate that with sprinkling twice per day
around Trenches 1-9, construction would not produce increases in 24-h average PM- 10
concentrations of more than about 80 jig/m3 , or annual concentrations of more than 16 jtg/m3 , at the
nearest residences. The range of distances given above reflects the range of distances from the
construction area to the nearest residence [150 m to 225 m (500 to 750 ft)], and, especially for the
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shorter distances, different geometrical representations of the disturbed area. The annual average
increase is of less concern than the 24-h average because the prevailing winds are from the southeast
(i.e., not toward the nearest residences), and because the construction is not expected to take a large
fraction of a year. Therefore, the annual-average increase is expected to be less than 20 percent of the
maximum 24-h average increase.
Because the modeling used for the above calculations incorporates some uncertainties, the
conclusions are intended as rough guidelines only. However, they are biased so as to be conservative
(worst-case meteorological conditions, high fraction of dust being PM-10, no settling of PM-10). An
increase of 83 jig/m3 (24-h average), would be necessary to cause one exceedance of the 24-h
standard, and one exceedance per year, on average over a 3-year period, is acceptable (40 CFR 50).
The annual standard of 50 jig/m3 would not be exceeded in this scenario.
Because Trench 10 is closer to the nearest resident than are Trenches 1-9, less atmospheric
mixing and corresponding dilution of emissions would take place between the time air leaves the
disturbed area and the time it arrives at the nearest residence. Based on the same methodology as
above, including the assumption of sprinkling twice per day, the NE-SW dimension of the disturbed
area could be up to 30-35 m (100-115 ft) under worst-case meteorological conditions. This would
keep increases in PM-10 concentrations resulting from the proposed earthwork below about 80 jig/m3
(24-h average) and 16 jig/m 3 (annual average), thus keeping ambient air concentrations (background
values plus increases) below NAAQS.
Prevailing winds in thbe area are from the southwest, and northeast winds are relatively
infrequent. Therefore, extensive mitigation measures would not normally be required. The additional
measure of placing one or more PM-10 monitors close to the Kiskimere community, and employing
additional sprinkling as needed to ensure that NAAQS for PM-10 would not be exceeded, is
consistent with stated plans of the contractor (ARCO/B&W 1995).
Residences that would be affected by winds from other directions than the northeast are farther
from the site. Modeling results indicate that a residence 500 m (0.3 mile) from the site would not be
expected to experience any exceedance of PM-10 standards if the disturbed area has dimensions of
about 125 x 125 m (410 x 410 ft), or less, regardless of orientation of the disturbed area.
The nearest school (Leechburg Area Junior High School) is about 1.8 km (1.1 miles) westnorthwest of Trench 10. At that distance, increases in PM- 10 concentrations resulting from the
proposed project (less than 30 g.g/m 3 for the maximum 24-h average; less than 8 jig/m3 for the annual
average) would not be expected to cause any exceedances of NAAQS.
Atmospheric dust resulting from construction activities would not be expected to cause a
general degradation of visibility in the region around the SLDA. Dust plumes might occasionally be
visible very near the construction site but would not be expected to degrade the view at any scenic
vistas in the region. Because the disturbed area would be sprinkled with water, visible dust plumes
would be minimized. Any dust plumes arising from construction activities would be limited to
construction periods. The proposed activity is temporary and therefore would not lead to any
significant deterioration of air quality over time.
In the long term, the proposed action would reduce the likelihood of buried waste material being
exposed to the atmosphere by natural events or human intrusion. Material secured in the trenches, in
its present state or after stabilization in place, would not be exposed to the atmosphere by a tornado.
By reducing the likelihood of exposure by other means, the proposed action would also reduce the
risk of large contaminated objects becoming airborne in the unlikely event of a tornado.
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4.2.4.2 Noise
Heavy trucks, construction vehicles, and other equipment necessary to construct backfill holes
and hydraulic control borings and to stabilize the trenches and the mine workings underneath the
trenches would generate noise that would be audible above background levels of 50-60 decibels (dB)
in the normal (A-scale) auditory frequency band [dB(A)], during the day. Noise resulting from the
proposed activity could occasionally be annoying to residents within about 300 m (0.2 mile) of the
noise sources. Noise levels (other than occasional instantaneous levels) resulting from the proposed
activities might reach or occasionally exceed 85 dB(A) at 16 m (50 ft) from the source. Because
noise levels diminish by about 6 dB(A) for each doubling of distance from the source (Golden et al.
1979), nearby residents might experience outdoor noise levels of slightly greater than 70 dB(A)
during periods when construction equipment operated near the southwestern part of Trench 10 and
the associated swales. Because construction would occur only during daytime hours, this noise would
not be expected to cause exceedances of the 24-h average sound-energy guideline of 70 dB(A)
estimated by EPA (1978) to protect hearing with a margin of safety. However, outdoor noise levels at
the nearest residences during the day would be expected to appreciably exceed 55 dB(A), the level
given by EPA (1978) as protective against activity interference and annoyance with a margin of
safety. Indoor noise levels typically range from 15 to 25 dB(A) lower than outdoor levels, depending
on whether windows are open or closed. With windows open during construction around Trench 10,
indoor noise could occasionally be appreciably greater than the 45 dB(A) level given by EPA (1978)
as protective against indoor interference and annoyance with a margin of safety. In summary, noise
levels during construction would likely be distracting or annoying, but they would be unlikely to be
harmful. The contractor has stated that equipment, including mufflers, would be maintained in good
condition and that work would be undertaken during appropriate times to avoid disturbing nearby
residents (ARCO/B&W 1995).

4.2.5 Human Health
The SIP alternative is designed to reduce infiltration into and seepage from the trenches by a
factor of 70 to 700, provide an intrusion barrier to discourage access to or drilling into the wastes,
and reduce water levels in and under the wastes so that water could not be extracted from the
potentially contaminated zone (ARCO/B&W 1996).
4.2.5.1 Radiological Impacts
As discussed in Appendix E, the properties of the soil and rock beneath and surrounding the
wastes are expected to prevent substantial leaching of uranium from the trenches for a period much
longer than the 1000-year performance period. Consequently, the public would not be exposed to
radionuclides by a drinking water pathway.
The only potential dose to the public would be experienced by an intruder who digs into the
wastes. Because uranium would not be leached out of the trenches under either alternative, the
potential intruder doses for the SIP are the same as those of the no action alternative (Section 4.1.5).
However, the additional 1.7 m (5.5 ft) of cover that would be added above the trenches will make it
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less likely that an inadvertent intruder would actually excavate the 3.1 m (9.5 ft) of soil clay and rock
above the wastes, if institutional control were lost.
Under the no action alternative, the potential doses to an inadvertent intruder would increase
long past the 1000-year performance period. However, to the extent that the cap and grout curtain
further retard the already very slow natural rate of leaching of uranium from the trenches maximum
dose to an intruder in the distant future (i.e., tens of thousands of years) may be greater than for the
no action alternative.
4.2.5.2 Chemical Hazard Assessment
The chemical hazard assessment for the no action alternative resulted in a finding that organic
wastes are not currently of concern and that these potential impacts will continue to decrease. The
potential for chemical impacts will probably be even further reduced by the installation of barriers
which would retard migration. On the other hand, if the barriers dry out the wastes by impeding
infiltration, ongoing reduction in chemical concentration could be interrupted. This is not judged to
an important consideration because existing upper bound impacts are not of concern (Section 3.5).
4.2.6 Ecology
Construction of the SIP engineered barriers would alter some ecological resources on site.
However, most of the area has been previously disturbed and mitigation measures could be
implemented to minimize impacts. The post-construction isolation of the contaminants in the
trenches would further reduce migration.
4.2.6.1 Terrestrial Ecology
Construction of trench covers, surface water diversion swales, and related activities would alter
or destroy about 3.8 ha (9.5 ac) of the plant communities on the site and the assemblages of animals
they support. Up to about 1 ha (2.5 ac) of woodland, including wetlands, would be altered or
destroyed. Of the approximately 1.3 ha (3.2 ac) of wetland present on the site (Figure 3.10), all of
Wetland C [0.08 ha (0.2 ac)] and about 0.3 ha (0.7 ac) of Wetland B (a largely riparian wetland
associated with Dry Run) might be lost as a result of construction activities. These wetland losses
represent approximately 25-30 percent of the total on-site wetland , and, under Section 404 of the
Clean Water Act, would require mitigation as well as permitting by the COE. The remaining affected
area of about 2.8 ha (6.9 ac) consists of man-maintained open fields of grasses and annuals, including
the grassy areas directly over the trenches. Obtaining borrow material would also destroy or disturb a
small amount of habitat, but the source of borrow material has yet to be identified. Excavation of
borrow material would be subject to applicable environmental regulations and permitting
requirements to minimize harm to ecological resources.
Because this alternative would effectively isolate chemical and radiological contaminants still in
the trenches, the seeps along Dry Run would experience a gradual decline over time in the already
relatively low level of contaminants currently found in them. Moreover, the seeps would likely
experience substantially reduced flows, perhaps to the point of drying up. Thus the relatively low
exposures that plants and animals utilizing the seeps currently experience would eventually be
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reduced to almost background. Post-construction adverse impacts on terrestrial communities would
therefore be nearly non-existent.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
4.2.6.2 Aquatic Ecology
Under this alternative, about 105 m (350 ft) of Dry Run adjacent to the upper trench area would
be relocated, resulting in the destruction of any aquatic and semi-aquatic invertebrates such as
mayflies, stoneflies, chironomids, horseflies, snails, and oligochaetes that might reside in small pools
or damp substrates of this small, intermittently flowing channel. Amphibians such as frogs and
salamanders residing in or adjacent to the channel or associated wetlands would also be destroyed or
displaced. These losses would be considered minor in light of the large numbers of streams of similar
or much greater size and ecological value in this water-rich region. Moreover, some or all of the
species lost or displaced during construction might eventually reestablish themselves in or near the
relocated channel.
By more effectively isolating the trench-related chemical and radiological contaminants
(compared to current conditions), implementation of this alternative would substantially lower the
existing very low rate of migration of contaminants to the seeps along Dry Run and thence to the
Kiskiminetas River. Thus exposures of aquatic biota in area streams to trench-related contaminants
would be even lower than the already very low exposures prevailing under existing conditions. Other
than the impacts of construction on Dry Run, no adverse effects from implementation of this
alternative on aquatic communities would be expected.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
4.2.7 Criticality
Because of the relatively low level of uranium and its distribution in the SLDA trenches,
criticality would not be a concern for SIP. See the discussion of criticality in Section 4.1.7 and
Appendix G.
4.2.8 Mitigation
Implementation of the following mitigation measures would minimize deleterious impacts of
construction and operation of the SIP alternative.
4.2.8.1 Mitigation for Surface Water
Restriction of construction activities to the summer season is recommended to significantly
reduce the potential for overflow from retention basins on Dry Run.

NUREG-1613

4-26

I
I
I
I
I
I
U
U
U
U
I
I
I
I
I
I
I
U
I

ENIRNENA

0

0EUN7E

4.2.8.2 Mitigation for Air Quality
The licensee has explicitly addressed mitigation measures for airborne particulate matter
associated with fugitive dust from construction (ARCO/B&W 1995). The construction area would be
sprinkled with water, as needed, to reduce fugitive dust. This would minimize visible dust plumes
resulting from remediation activities.
It is recommended that the size of the area disturbed at any one time be kept as small as possible
to further minimize fugitive dust. Any exposed area with a NE-SW dimension exceeding guideline
values provided in Section 4.2.4.1 might have to be covered or otherwise treated on those occasions
when the wind is light and from the northeast to ensure that NAAQS would not be exceeded.
Monitoring for PM-10 and/or attention to current wind directions, and attention to expected
wind directions up to 24 h in advance, would be helpful in deciding when additional mitigation
measures (i.e., beyond sprinkling twice a day) would be necessary. High PM-10 concentrations at the
nearest residences would be expected under light wind conditions from the northeast, while
prevailing winds in the area are about average in speed and come from the west-southwest.
Therefore, it is expected that mitigation measures (using covers or extensive sprinkling) would be
necessary only for a small percentage of the construction period.
Mitigation could also be achieved by scheduling. For example, in the case of the proposed
action, work around Trenches 1-9 and the proposed swale to the south of those trenches could be
scheduled so that no more than one of those areas is disturbed at any time. Also, the gas pipeline
could be relocated before construction of the cover started.

4.2.8.3 Mitigation by Use of Institutional Controls
Institutional control programs are commonly used for a variety of waste disposal facilities. In a
paper prepared for the Commission, NRC staff presented an overview of these programs in the
United States, including several that include NRC licensing (uranium mill tailings, low-level
radioactive waste, and high-level waste) and programs regulated by other agencies. The institutional
controls in these programs provide models and precedents for the kind of institutional control
program that could be used for the Parks SLDA site. The projected costs for institutional controls
($1.5 million) are discussed in Section 5.1.5.
A long-term surveillance plan (LTSP) that describes the actions to be taken to oversee the site
must be approved by NRC. The DOE guidance for an LTSP specifies surveillance activities such as
site inspections and their frequency; planned custodial maintenance (i.e., grass mowing, road
maintenance, and removal of accumulated weeds, debris, or other material); unscheduled
maintenance (i.e., removal of deep rooted vegetation or filling in animal burrows); repair to the site
boundary fence, gate ,or locks; permanent surveillance features; groundwater monitoring; reporting
and record keeping requirements; and criteria for instituting maintenance repairs or corrective
actions.
Passive institutional controls (controls that do not require action by humans) would also be used
to help ensure that individuals did not intrude into the facility. These could include deed restrictions
on future use, such as equitable servitudes, easements, and restrictive covenants; land use regulation
through zoning; permanent markers warning the public of a radiation hazard; deed notices; and
trusteeship arrangements. NUREG-1496 discusses these controls in detail, defining what they are and
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how they would be implemented and enforced. For the most part, these mechanisms arise under and
are governed by state and local law, so that cooperation and coordination with these governments is
important.
With respect to ownership of the site, the Federal government or the Commonwealth of
Pennsylvania could assume ownership for long-term care; private ownership is also possible. With
respect to Federal ownership, Section 151(b) of the Nuclear Waste Policy Act grants DOE the
authority to assume title and custody of low-level radioactive waste and the land on which it is
disposed when requested by the owner after termination of the NRC license, if NRC makes the
following determinations:
"
"
*

that the facility has met NRC's decommissioning requirements, including financial assurance;
that the transfer of the title and custody will impose no costs on the Federal Government; and
that Federal ownership and management of such site is necessary or desirable in order to protect
the public health and safety and the environment.

NRC staff is exploring the use of this provision for SDMP sites in general with DOE.
Another option is private ownership of the site. The Envirocare low-level radioactive waste
disposal facility, licensed by the State of Utah, is a precedent for such an arrangement. Utah, an NRC
Agreement State, granted the licensee, Envirocare, an exemption from the requirements for
government ownership of the facility. NRC reviewed this decision in detail, as described in a staff
paper for the Commission, and accepted the decision by the State on June 28, 1993. For low-level
waste disposal facilities like Envirocare, active institutional controls cannot be relied on for more
than 100 years.
The specific long-term controls have not been developed for the SLDA at this time. If an on-site
disposal alternative is chosen, additional detailed information will have to be provided by the
licensee, which will then have to be reviewed and approved by the NRC.
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4.2.9 Irreversible and Irretrievable Commitment of Resources
The proposed action would remove parts of the Parks SLDA property permanently from
commercial or private development. In addition, fiscal resources would have to be expended
indefinitely to monitor groundwater wells.

I
I

4.3 DISPOSAL OFF-SITE ALTERNATIVE
This alternative would involve exhumation, treatment, and transport of the SLDA wastes to a
permanent disposal facility.
4.3.1 Community Resources
The DOS alternative would likely allow the Parks SLDA land to be returned to unrestricted use
and be available for future development. Once disposal was completed, the land would be regraded
and revegetated and normal drainage patterns would be reestablished. Existing monitoring wells
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would be retained for a period of time. It is unlikely the land would be used for residential
development because of its close proximity to commercial properties along Route 66. Future
commercial development of the SLDA site would decrease the rural characteristics and could detract
from some of the visual amenities that currently exist for properties close to the SLDA. It is not
expected that any community revenues would be needed for infrastructure or other improvements for
the DOS.
The DOS alternative would increase the size of the labor force needed for decommissioning
because of the need for the sorting, removal, packaging, and transport of waste off-site. The
proximity of the SLDA to a large regional labor pool (that includes the Pittsburgh metropolitan area)
indicates that local community services or infrastructure would not be impacted. Temporary
construction forces could increase local revenues for businesses catering to transient or vehicle
traffic.
Construction activities would -result in temporary adverse impacts (increased noise, dust, traffic
as described in Sections 4.2.4 and 4.3.4) to residents in the vicinity of the Parks SLDA. Kiskimere
Road, the only access road to the site, would temporarily experience an increase in truck traffic
(approximately 1 per hour) during the disposal operations. Traffic patterns would likely return to
normal after the construction period. However, the number of truck trips would be small compared
with the current volume of traffic on Route 66. Mitigation in the form of truck deliveries during offpeak daytime hours could alleviate some of the expected congestion and noise for residents in the
Kiskimere area.
The DOS alternative would not impact cultural (Section 3.1.2) or recreational resources or
amenities. Although DOS could result in development of the SLDA site and added revenue to the tax
base of Parks Township and Armstrong County, it is unclear if local citizen activism regarding
nuclear waste and operations would decrease. Negative publicity associated with the SLDA would
likely diminish over time if the DOS alternative were selected. However, concerns for the health of
workers and residents during the removal process could escalate.
The analysis in Section 4.1.1.3 indicates that there would be no notable Environmental Justice
impacts.
4.3.2 Geology
There would be no long-term impacts from residual contaminants remaining on site. On-site
contamination would be reduced to levels that would allow the site to be returned to unrestricted use.
Such low levels of contaminants would cause insignificant impacts to the environment.
There are a few short-term geologic impacts related to the exhumation and preparation for offsite transportation of the waste. These impacts are related to soils, sediments, and water resources
along Dry Run. All these impacts are interrelated and are discussed in detail in Section 4.3.3.2.
4.3.3 Hydrology
Under this alternative, trench contents would be exhumed and contaminated soil would be
excavated to levels that would allow the site to be released for unrestricted use, thereby removing the
source of potential water contamination.
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4.3.3.1 Groundwater
The residual levels of contamination that would remain in the soil after removal of the wastes
would result in comparatively negligible impacts to groundwater quality. Contaminated groundwater
remaining after the source of contamination was removed would not be treated. This alternative
would produce the least impacts on groundwater of the alternatives analyzed.
4.3.3.2 Surface Water
This section discusses potential impacts from erosion and sedimentation during runoff at the
excavation sites. Accidental failure of erosion and sedimentation controls during intense storms is
discussed. Potentially impacted water bodies are Dry Run and the Kiskiminetas River.
The potential for releasing contaminants to Dry Run would be increased in the short term by
excavation and exhumation in relation to construction activities. Excavation involves the same set of
impacts originally experienced during exhumation of the waste trenches in the 1960s. These impacts
included contamination of (1) residual on-site soils, (2) sediments in Dry Run, and (3) water
resources of Dry Run.
ESCPs would be implemented to reduce impacts on Dry Run and the Kiskiminetas River during
excavation activities. Storm runoff (potentially turbid with contaminated soils or sediments) from the
excavation site would be retarded by silt fences or hay bales and captured in retention basins in Dry
Run before it left the SLDA. Flow in Dry Run is intermittent and generally unmeasurable from May
to November. Limiting excavation activities to the summer season would significantly reduce the
potential for overflow from retention basins on Dry Run. Erosion and sedimentation control features
would be monitored for their effectiveness during and after significant storm events. Failure of the
erosion and sedimentation control system would cause a temporary halt to major excavation activities
until the system was repaired or effectively reconfigured. Excavation and exhumation of the wastes
would remove the source of contamination.
4.3.4 Air Quality and Noise
The DOS alternative without mitigative actions could lead to appreciable emissions of
contaminants to the atmosphere (see Section 4.3.5.1). Buried contaminants would be exhumed and
exposed to the atmosphere, additional fugitive dust would be generated from exhumation and
transportation, and stack exhaust (including contaminants) would result from thermal treatment.
Because wastes would be exhumed, they could be exposed to a tornado passing over the construction
area. The probability of a tornado striking any point within the SLDA over the course of a 2-year
project is less than one in 5000. Transportation, especially long-haul transportation to Utah, would
also introduce the potential for low-probability, high-impact events such as accidents that could lead
to the release of appreciable amounts of contaminants to the atmosphere (see Section 4.3.5.5.2).
Doses resulting from such causes are unlikely to approach unacceptable levels as discussed in
Section 4.3.5 below. Potential emissions during transport, as well as air emissions from the Utah site,
are discussed in the DEIS for that site (NRC 1993).
Long-term air quality consequences of DOS are expected to be minor and would depend mainly
on the condition in which the site would be left. Contaminated material would be removed, thereby
NUREG- 1613

4-30

I
U
I
I
I
I
I
N
I
1
I

I

I
I
I
I
U
I
I

I~~

ENIOMNTL

0NE

eliminating the possibility of exposure of that material to the atmosphere at its present location
regardless of future events including unpredictable catastrophes (e.g., earthquakes). No contaminated
material would remain at the Parks site to become airborne in the event of a tornado or other high
winds.
Air quality impacts of accumulating the contaminated materials at Envirocare are evaluated in
FEIS
on that site (NRC 1993).
the
Heavy trucks, construction vehicles, and other equipment necessary for excavating the waste
trenches, constructing treatment facilities, and transporting the wastes off-site would generate noise
levels similar to those described in Section 4.2.4.2 for the proposed alternative, but the duration of
the work would be for 25 months rather than the 32 months required for construction of the SIP
facilities.
4.3.5 Human Health
The major objective of this alternative would be to excavate the waste in the upper trench area,
sort it, and transport the major portion of it to an off-site disposal facility (Envirocare of Utah). There
could be some impact to workers (Section 4.3.5.1) and local inhabitants during the operational
period. Impacts could also occur during transport of the wastes (Section 4.3.5.5). This remediation
alternative would result in the SLDA site having a radioactive profile nearly identical to natural
radiation background.
A portion of the radioactive and chemical constituents may have already been leached from the
waste in the trenches. However, the staff believes that most uranium is still in or near the trenches
because uranium has not been detected in sampling wells outside of the trenches. Most of the
uranium is probably adsorbed onto the soil in and immediately adjacent to the trenches. The high
retardation coefficient of the soil for uranium (Sect 3.5, Sect 4.1.3, Appendix E) supports the
assertion that most of the uranium that has been mobilized from the waste is probably adsorbed onto
the soil immediately surrounding the trenches.
The DOS alternative would include a program of continued monitoring, both on-site and offsite for the administrative period that follows the completion of disposal operations. Any observed
uranium above legal or administrative limits would be remediated by further excavation or treating
contaminated groundwater. Therefore, radiation dose due to the ground water pathway is considered
to be essentially zero and is not examined further in this section.
4.3.5.1 Radiological Dose to Workers
In this section, potential doses to workers are estimated using information on pathway
conversion factors developed in Appendix C and assumptions about work habits and exposure
conditions during waste disturbance. Occupational doses presented in this section are intended to
represent reasonable upper limit estimates.
Exhumation, processing, treatment and packaging of the Parks SLDA wastes would result in
internal and external doses to workers. Internal dose to workers would be due to suspension of
contaminated soils of which a fraction would be inhaled by the workers. External doses would be due
primarily to gamma radiation from waste near the surface. Contamination of the workers clothing or
skin could produce skin doses for alpha-emitting radioisotopes and deeper doses for beta-and
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gamma-emitting radioisotopes. No drinking or eating would be allowed on the work site, thus
precluding ingestion doses.
A health and safety plan would be developed based on controlling worker doses to levels as low
as reasonable achievable (ALARA) below regulatory levels. The health and safety plan would
specify any procedures necessary for monitoring, protective clothing, respiratory protection and
access controls to ensure safe working conditions. Such health and safety plans are part of standard
health physics practice. The Parks SLDA waste offer no unique conditions that would require
measures beyond standard practices. The following estimates of worker doses are made by using
assumptions that tend to overestimate impacts; actual doses on-site would be monitored and work
practices would be adapted to maintain ALARA doses.
In order to remove all the chemical contaminated waste from the Parks SLDA, the entire trench
area of about 3200 m2 (3840 yd2) would be removed to bedrock, about 6 m (20 ft) deep; this amounts
to about 29,000 MT (2.9 x 10' 0 -g) of soil containing about 4 Ci (1.5 x 10" Bq) of uranium
contamination [for an average of 4 Ci - 2.9xl 0' g = 140 pCi/g (5.2 Bq/g)]. The estimated amount of
soil suspended during construction activities would be about 13,000 kg (14.4 tons) per year of
construction time, with about 0.3 ha (0.8 acre) of soil being exposed at any given time (see
Section 4.2.4). About 30 percent of the suspended soil 4000 kg (8800 Ib) may be respirable'.
In order to calculate radiation dose due to inhalation by workers, the volume of air that will
carry the suspended particles must first be estimated. The volume of air over the trench area
[3200 m2 (3830 yd2 )] to breathing height [about 2 m (6.6 ft)] is 6400 m3 (8340 yd3 ). Taking the wind
speed to be an average of about 5 m/s (16.5 ft/s) (Section 3.4.1), and the lengthwise distance across
the trench area to be around 100 m, the replacement time of air over the trenches is 100 m - 5 m/s =
25s. An estimate of the total volume of air moving over the trenches in a 2000 hr work year is 1.8 x
109 m 3 (2.3 x 107 yd3).
6,400m3 x 2,000 hr x 3,600 s/hr z 1.8 x

The average respirable uranium concentration in the air is next estimated to be about 3.3 x 10",3
jiCi/mL.

1.8 x

10

7

g x

109 m 3

4Ci

0.33 pCi/rm3 = 3.3 x

10-1 3

2Ci/mL.

2.9 x 10
Wg

Using the respirable uranium concentration in air, the internal dose to workers can be calculated.
The most restrictive derived air concentration (DAC) corresponding to a 5 rem/year worker internal

'Soils may have a very high fraction of respirable sized particles. However it is a very conservative assumption to
consider that all of these respirable particles would be suspended long enough to be inhaled because these small particles are
usually found in large aggregates.
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dose for uranium is 2 x 10` AzCi/mL (Eckerman et al. 1988). Therefore, the estimated annual dose
to workers excavating the Parks SLDA site (numerically equal to the total dose since the work period
is one year) is about 82 mrem/year due to suspended waste.
3.3 x 10-13 AzCi/mL x 5,000 mrem/yr z 82 mrem/yr
2 x 1O- I zCi/mL

External doses may be estimated using results from Appendix C. In Appendix C, the external dose
from background concentration of uranium (2.3 pCi/g) with 0.7% 235U was estimated to be about 0.1
mrem/year for continuous exposure (8,760 h/year). The annual external dose from an occupational
exposure to a concentration of 140 pCi/g would be 1.4 mrem/year.
0. 1 mrem/yr x 140pCi/g x 2,000h = 1.4 mrem/yr
8,760h
2.3pCi/g

The external dose rate for uranium enriched to 20 percent mass 235U is about 3 times higher than
for natural uranium 2 . Therefore, because the waste is taken to have an average enrichment of 2 35U in
the order of 20%, the external dose rate estimate becomes 4 mem/year. Because the workers would
spend only a small fraction of their time in proximity to the waste, the actual external dose to the
workers is expected to be substantially lower.
The internal plus external dose estimates above give a total worker dose of about 90 mrem/year.
Because the individual estimates are based on conservative assumptions, the staff considers this total
dose to be a conservative estimate. ALARA procedures are expected to maintain actual worker doses
well below this level. Nevertheless, 90 mrem/year is not considered a significant worker dose with
respect to the 5000 mrem/year dose limit below which worker exposures at NRC licensed facilities
are to be maintained (10 CFR 20).
4.3.5.2 Radiological Dose to Public
In addition to workers, members of the public may be exposed to uranium-contaminated
airborne particulates from the Parks site. In Section 4.2.4.1, estimates of air quality at the nearest
off-site residence were made for the SIP alternative. In order to maintain NAAQS for particulates, it
was determined that dust control measures would be necessary. Application of these same control
measures, watering the soil surface twice daily, is expected to maintain dust levels at or below 16
Mg/m 3 for the nearest off-site location. Uranium contaminated airborne dust limited to this
concentration would result in an annual dose of about 2.5 mrem/year, calculated in the same manner
as the worker doses in Section 4.3.5.1. This is a small fraction of the regulatory limit of
100 mrem/year.
2

This factor is based on the relative external dose factors between the uranium isotopes and their very short-lived
progeny (Federal Guidance Report No. 12, External Exposure to Radionuclides in Air, Water and Soil, EPA 402-R-93-081,
September, 1993).
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4.3.5.3 Nonradiological exposures to workers
Risk estimates to workers from nonradiological contaminants (ARCO/B&W 1994) are
consistent with the staff's analysis and are based on the conservative EPA methods for both cancer
and non-cancer hazards. The lifetime probability for incurring a fatal cancer as a result of exposures
during the DOS activity is about 4 x 10-8 for inhalation of suspended particulates, well below the 1 x
10' level typical for worker risks and also the 1 x 10.6 risk level generally applied to the population at
large. The chemicals of most concern for workers based on soil concentrations and toxicological
properties included antimony, arsenic, beryllium, manganese and tributylphosphate. The summed
non-cancer hazard value was less than 0.3. A hazard value greater than 1 would indicate the need for
more rigorous analysis of potential worker hazards. The primary contributor to the non-cancer hazard
value was manganese. All detected chemicals were included in the analysis whether or not they were
associated with the wastes. Because most of the waste-associated chemical compounds will degrade
during the administrative control period after remedial action, it may be necessary to remove only the
uranium contaminated soil (see Section 3.5.2.2).
4.3.5.4 Nonradiological exposures to the public
Members of the public may also be exposed to nonradiological hazards associated with airborne
particulates. The materials of concern would be the same ones that were discussed above for the
workers. Like the radiological assessment, airborne exposures to members of the public will be
reduced from the levels to which workers are exposed because of dilution in the air with distance
from the source. The cancer risk from chemical exposures to workers is considered to be quite small
with respect to objectives for the general population, consequently, the lesser chemical exposures to
members of the public are also expected to result in health risks far below the normal objective for
members of the public.
4.3.5.5 Transportation Impacts
Guidelines and methods for estimating doses associated with transport of radioactive materials
are given in NUREG-0 170. This section summarizes the potential magnitude of the risk associated
with transporting the Parks SLDA waste. Under normal operating conditions, doses to vehicle
operators and members of the public are due only to external radiation since the wastes would be
containerized, thus precluding internal exposures to radioactive particles in the air. Accidents during
handling and vehicle crashes along the route could result in dispersion of some of the waste to the
atmosphere. Actual waste, as compared with the total waste + soil in and around the trenches,
amounts to only about 3.4% of the total. One option for the DOS alternative is to remove only the
original waste plus a small amount of contaminated soil. Since the summary dose calculations in this
section are dependent on the total radioactivity transported, dose estimates in this section are based
on removal of the waste only. Transportation safety remarks include the potential for removing all of
the trench mass down to bedrock.
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4.3.5.5.1 Normal transportation radiation doses
From Section 4.3.5.1 the total trench mass down to bedrock is about 29,000 MT (31,900 ton).
Most of this soil exhibits uranium concentrations near background and would not require transport to
a waste disposal facility, although under the licensee's proposed action, it would be transported. The
actual waste mass is about 1000 MT (1100 ton) and has an average uranium concentration of about
4000 pCi/g (148 Bq/g). The entire amount of waste could be transported in 50 18-MT (20-ton) truck
loads.
The gamma dose rate from uranium is sensitive to the isotopic composition of the waste because
the gamma energy and frequency of emission of the gamma rays varies among the isotopes. For this
analysis, the entire 4 Ci of activity is assumed to be composed of 20 percent 235U on a mass basis.
The exposure rate per unit activity for this composition, 0.02 mrem/h/mCi, (Table 4.5), will be used
for the following analysis3 .

Table 4.5. Dose rate in air at 1 m from a 1 mCi point source of
uranium enriched to 20 percent in U-235
Isotope

Mass
fraction

Energy'

Intensity
(percent)a

U-235

0.2

185 keV
143 keV
204 keV

54
11
5

U-238

0.8

-

-

Th-234'

0.8

63 keV
93 keV

Pa-234'm

0.8

0.765 meV
1.001 meV

Dose rate
(mR/h/mCi)b
0.011
0.001
0.001

0.035
0.04

0.0007
0.001

0.3
0.6

0.001
0.002

Total

0.018

'From Radiological Health Handbook.
hFrom USAEC (1959). Emission also include numerous low energy x-rays which contribute a
small additional amount to the dose rate.
'These isotopes will be in approximate equilibrium with U-238.

3

For gamma rays the exposure rate in mR/hr, as given in Table 4.5, is approximately equivalent to the dose rate in
mrem/hr.
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An estimate of the external dose rates can be made by considering that the entire 4 Ci are
concentrated at a point source. The dose rate at I m (3.3 ft) from this 4 Ci source would be about
80 mrem/hr (4000 mCi x 0.02 mrem/hr/mCi ). However, if the waste was hauled in 50 trucks, the
dose rate at 1 m from a point source in the middle of the truck bed would be about 1.6 mrem/h
rounded to 2 mrem/h (80 mrem/h - 50 truck loads). But there is considerable self shielding of the
gamma rays by the soil contained in the truck; this shielding is conservatively estimated to reduce the
dose rate at the actual surface of the truck by a factor of 10 to 0.2 mrem/hr. This 0.2 mrem/hr could
be considered a conservative estimate of a driver's dose rate.. At 10 m from the truck, the nearest
reasonable location to represent members of the public, the dose rate would be about 0.002 mrem/hr
2 relationship to estimate the change in dose rate with distance). From these figures,
(using the Pr
an
estimate of worker dose would be about 50 mrem for the total hauling job (0.2 mrem/hr x 5 hr per
haul x 50 hauls). A member of the public might receive 0.01 mrem (0.002 mrem/hr x 0.1 hr per haul
x 50 hauls). These are low doses that may be considered insignificant compared to the occupational
annual limit of 5000 mrem, the population dose limit of 100 mrem/year, and a natural radiation
background dose rate of about 360 mrem/year.
4.3.5.5.2 Accidents during transportation
Spillage of one truck load of the waste (about 80 mCi) would result in an external dose of
less than 0.2 mrem for a I hour exposure time, based on the approximation given above in Sect
4.3.5.5.1. A greater fraction of the wastes could be suspended into the air than for excavation at the
waste site which produced a worker dose of 82 mrem for a 2,000 hour exposure, (Section 4.3.5. 1).
The dose to an accident victim or rescue personnel if exposed for 1 hour is estimated to be less than
1 mrem from external + internal exposures. These one time doses are insignificant compared to
annual natural background radiation dose of 360 mrem/year. They would represent the maximum
doses expected to a member of the public.
Accidents occurring as a consequence of transporting the SLDA waste to a permanent waste
repository could result in injuries and fatalities to truckers and members of the public who travel on,
cross, work, live near transport routes. Most public injuries occur as a result of truck-car collisions.
Estimates of fatalities and injuries among truckers and the public have been developed using data
accumulated by the National Highway Traffic Safety Administration and the Federal Railway
Administration. Crash impacts are estimated in categories of fatalities, serious injuries, and minor to
moderate injuries. Serious injuries involve physical damage requiring medical treatment and
hospitalization. Minor to moderate injuries sometimes are expressed as lost work days but generally
do not require hospitalization for repair/treatment. Estimates of crash impacts per million vehicle
miles of travel are given in Table 4.6. These estimates, based on 1990 data, may be somewhat high
because historical data on truck accidents indicate a decrease over time of injuries and
fatalities per vehicle mile traveled.
The data in Table 4.6 may be considered as the probability of the various impacts per million
miles of transport through representative population areas. These probabilities may be multiplied by
the actual transport miles for the Parks SLDA wastes to obtain an estimate of the impacts. Transport
of the actual waste mass (1000 MT) would require 50 18-MT (20-ton) truck loads. Transport of the
entire trench volume down to bedrock would require about 1450 20-ton truck loads.
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Transportation cost estimates (Section 5) were based on transporting the waste in 18-MT (20
ton) boxes (1 per truck) to Ambridge (about 70 miles), then by train (50 boxes per train) to the
Envirocare facility. Each train would carry 50 boxes [1000 MT (1100 ton) about 3200 km (2000
miles). To load each train would require 50 trucks x 70 miles/truck-3500 truck miles or 5600 km. If
the waste are predominately contained in the 500 m3 [1000 MT (1100 ton)] waste volume, then one
train could carry all the waste. If all the soil in the entire trenches area is removed down to bedrock,
then about 29 train trips would be required. To transport this amount of contaminated soil would
require 58,000 train miles and 101,500 truck miles or 92,800 km and 152,400 kin, respectively. The
round trip distances with return legs carrying empty steel boxes would be about 116,000 train miles
and 203,000 truck miles 185,000 km and 324,800 km respectively.

Table 4.6. Accident impacts per million vehicle miles of travel
Occupational
Medium/heavy
trucks
Fatalities

0.0047

Severe injuries

0.042

Minor or moderate

0.327

Public
Train
0.0023

Medium/heavy
trucks
0.03

Train
0.075

0.39
1.4"

2.69

0.15"

"Total for all types of injuries.

The actual train and truck mileage would be higher depending on whether the initial empty
boxes were delivered by train or truck. This mileage could be a significant fraction of the total if only
one or two train trips were required but only a small fraction of the total if 29 train trips were
required. An upper bound is represented by transport of the entire trench volume down to bedrock116,000 train miles and 203,000 truck miles. These mileages, along with the estimates of impacts per
million vehicle miles given in Table 4.7 provide upper bound estimates of the accident impacts
associated with transporting the SLDA wastes. Results of these calculations are given in Table 4.7.
For example, the estimated fatalities for truck transport in Table 4.7 is given by the risk per mile for
trucks from Table 4.6 (4.7 x 10- 9/mile) multiplied by the 203,000 total truck miles or 324,800 km.
According to the upper bound estimates, no accident injuries or fatalities among workers or
the public are expected to occur as a result of transporting the Parks SLDA waste to the Envirocare
facility, or other location of comparable distance from Parks.
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Table 4.7. Upper bound estimate of accident impacts associated
with transporting the Parks SLDA wastes
Impacts on worker

Impacts on public

Truck

Train

Truck

Train

Fatalities

9.5 x 10-4

1.3 x 10-4

4.1 x 10'

4.3 x 10'

Severe

8.5 x 10-'

-

0.08

-

0.066

0.08

0.55

8.7 x 10-

Injury category

Minor or moderate
Source: The staff.

4.3.6 Ecology
The construction phase of DOS alternative would result in some short-term impacts in a
relatively small area. However, removal of the wastes would preclude any potential impacts from
future contamination.
4.3.6.1 Terrestrial Ecology
The excavation, treatment, packaging, loading, and removal of trench wastes involved under
the DOS alternative would result in about the same level of impact on terrestrial and wetland
ecological resources as the proposed alternative discussed in Section 4.2.6. However, restoration of
altered or destroyed land (including the borrow area) to a reasonable approximation of existing
structure and function would probably be more easily and completely achieved because trench covers
and other structures would not have to be constructed and maintained indefinitely. Moreover,
removal of all or nearly all wastes and associated contaminants from the trenches and adjacent areas
would permanently solve the potential problem of future migration via groundwater of low levels of
chemical and radiological contaminants to the environment around this site.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
Sections 4.3.5.5.1 and 4.3.5.5.2 for human radiological exposures, demonstrate that there
would be no significant radiological effects to humans from routine waste transportation or
transportation accidents. For humans, the potential impacts to an individual are considered important
for assessment, while for ecological resources impacts to populations are of more importance.
Because of the level of radioactivity involved (80 mCi per truckload), the relatively small area that
would be impacted in the event of an accident resulting in spillage, and the short duration of
exposure before the spill would be cleaned up, radiological impacts to terrestrial organisms would
also be inconsequential. Non-radiological effects of an accident on terrestrial organisms (e.g., direct
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physical destruction of vegetation or wildlife by spilled (waste) would be limited to the path of the
vehicle should it leave the road, and the footprint of the spill (i.e., a few square meters at most).
4.3.6.2 Aquatic Ecology
With implementation of appropriate measures for erosion and sedimentation control, the
impacts on surface waters of excavation, treatment, packaging, loading, and removal of trench wastes
involved under the DOS alternative would be limited to the small and intermittent Dry Run as
discussed in Section 4.2.6.2. Except for the small amounts of chemical and radiological contaminants
already in the groundwater or liberated during excavation of the trenches, DOS would completely
and permanently prevent future migration of trench contaminants to Dry Run, Carnahan Run, and the
Kiskiminetas River. As the contaminants already in the groundwater slowly discharged to the
streams, total contaminant flux to the streams would continue to decline toward zero. Consequently,
adverse impacts on the aquatic biota of these streams from implementing this alternative would be
trivial to non-existent.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.6.1.4).
Because of the low levels of radioactivity involved and the shielding provided by
surrounding materials, radiological impacts to a person exposed to the waste containers during
transportation (Section 4.3.5.5. 1) were determined to be inconsequential. It can be assumed that
radiological impacts of routine transportation to populations of aquatic organisms would also be
inconsequential. With respect to an accident involving a spill of waste into a surface water body, the
staff performed a very conservative bounding analysis by assuming that waste containing 2000 pCi/g
(74 Bq/g) of U-235 completely covers the substrate of a small body of water such as a pond. The
results indicated that an organism lying directly on the undiluted waste would receive a dose of less
than 8 mrad/day (0.08 mGy/day), far below the threshold below which the available evidence
indicates that aquatic populations are significantly affected (IAEA 1992). Spill cleanup would be
expected to remove nearly all of the waste within a few days. Non-radiological effects on aquatic
organisms in a small surface water body could include direct destruction through entrainment of
small organisms within the spilled wastes. Such effects would be expected to be confined to a small
area, and subsequent cleanup measures would probably allow for nearly complete recovery of local
aquatic communities.
4.3.7 Criticality
Under the DOS alternative, the wastes would be exhumed and transported to a permanent
disposal facility. Therefore, criticality would not be an issue for this alternative.
4.3.8 Mitigation
Potential fugitive dust emissions should be mitigated in a similar manner to the SIP
alternative (Section 4.2.8.2). Contaminated materials would be covered during exhumation and
transportation. This measure would not only reduce direct emissions of fugitive dust but also reduce
transportation-related spillage of contaminated materials to the ground where they could later
4-39

NUREG- 1613

ENIRNENA

6

6EUNCE

become airborne as fugitive dust. For this alternative, it might be necessary to use covered conveyor
belts and to erect tents or other enclosures to reduce the escape of fugitive dust.
DOS would require only limited monitoring of groundwater wells, and it is unlikely longterm institutional controls would be required.

4.3.9 Irreversible and Irretrievable Commitment of Resources
Once the removal of waste was completed and the SLDA returned to unrestricted use, the
only fiscal resources required would be for temporary monitoring of groundwater wells until the site
was determined to have returned to equilibrium and to be suitable for unrestricted use.
4.4 STABILIZATION ON-SITE
This alternative would involve excavating all the wastes, treating them on-site, and then
interring them in a newly constructed on-site tumulus or disposal cell. Waste excavation would be
essentially the same as for DOS.
4.4.1 Community Resources
Impacts on land use, population, housing, work force, public services, utilities,
transportation, and community services would be the same as those of the proposed action,
stabilization in place (Section 4.2.1). No cultural (Section 3.1.2) or recreational resources would be
impacted. The analysis in Section 4.1.1.3 indicates that there would be no notable Environmental
Justice impacts.
4.4.2 Geology
Geologic impact differences are comparatively insignificant between the on-site and in-place
alternatives (Section 4.2.2). Slope destabilization and soil erosion are discussed in Section 4.2.2.2 in
connection with floods and impacts on surface water.
4.4.3 Hydrology
If the tumulus, a structure consisting of a series of concrete vaults, operated as designed,
potential impacts to hydrology would be negligible compared with no action, as the trench contents
would be effectively isolated from the environment.
4.4.3.1 Groundwater
Partial or total failure of the tumulus could result in groundwater contamination by leaching
of contaminants out of the tumulus and infiltration of contaminated leachate into the soil and bedrock
aquifers. Impacts to the soil and first shallow bedrock aquifers would likely be greater under a failure
scenario than under the preferred alternative because under the preferred alternative, contaminated
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leachate would be directed to the mine, where it would be attenuated by further adsorption and
dilution. However, because of the differences in construction, the potential for failure is considerably
less.
Under normal conditions, local groundwater would pass beneath the site, flow horizontally,
and discharge into Dry Run and the coal mine. As a result of partial or total failure of the tumulus,
most of the potentially contaminated leachate (up to 5000 pCi/L) would enter Dry Run as surface
runoff. Contamination in the leachate which infiltrated into the soil would be attenuated, resulting in
lesser groundwater impacts than under the SIP alternative. The SIP alternative has the advantage of
directing groundwater downward to the coal mine and Carnahan Run where adsorption and dilution
are much greater.
4.4.3.2 Surface Water
In the SOS alternative, wastewater would be removed and treated to remove VOCs by
venting to the atmosphere. No VOCs would reach the hydrosphere directly from the tumulus.
Excavation and exhumation impacts would be similar to those described in the DOS
alternative (Section 4.3.3.2). The SOS has a few advantages with respect to the SIP alternative (as
discussed in this section). However, the SOS has all the disadvantages of excavation and exhumation
impacts and none of the advantages associated with removing the material off-site as described in the
DOS alternative.
In one failure scenario, water might overflow the tumulus (the bathtub effect). In this
scenario, the liner would function as intended, but the cap would fail to prevent infiltration and the
underdrain would become clogged. Without hydraulic control borings, the overflow would reach Dry
Run relatively undiluted rather than reach the coal mine aquifer and Carnahan Run where dilution
would be substantial.
The inundation hazard (already low in the SIP alternative) would be eliminated. The
decommissioning of Trench 10 would eliminate all risks associated with flooding on the
Kiskiminetas River. The relocation of wastes in the upper trench area to higher ground and in the
tumulus would prevent a PMF on Dry Run from reaching the riprap-protected dike that would protect
the tumulus.
The potential for exhumation of wastes by slope destabilization and gully erosion (already
low in the SIP alternative) would be even less likely because the inundation hazard would be
eliminated. Floods that did not reach the toe of the protective dike would be less likely to destabilize
the tumulus.
4.4.4 Air Quality and Noise
Potential consequences of SOS are of concern because buried contaminants would be
exhumed and exposed to the atmosphere, additional fugitive dust would be generated from
exhumation and transportation, and stack exhaust including contaminants would result from thermal
treatment. Expected local air-quality effects would be similar to those for DOS (Sections 4.3.4 and
4.3.5), although their magnitudes would probably be somewhat greater for SOS because of the
disposal cell construction and coal mine grouting associated with this alternative. With appropriate
mitigation, it is unlikely that air contaminants would approach unacceptable levels. Off site
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transportation would not be an issue for this alternative. Because wastes would be exhumed, they
could be exposed in the event of a tornado, as discussed in Section 4.3.4.
Long-term consequences of this alternative on air quality are expected to be minor. Because
of the opportunity to construct a new disposal cell and to select its location, the stability of the
disposal facility would be increased. Further, on-site treatment would reduce the amount of waste.
Therefore, the probability of exposing harmful amounts of waste material to the atmosphere in the
case of an unforeseen event, such as inadvertent intrusion (Sections 4.1.4 and 4.1.5) or a natural
catastrophe (e.g., an earthquake), would be reduced. However, the possibility of exposure of
contaminated materials at the Parks SLDA would not be completely eliminated as it would in the
DOS alternative. A reduced probability of exposure to the atmosphere would reduce the probability
of large contaminated objects becoming airborne in the unlikely event of a tornado, although the
tornado would not, by itself, expose buried material.
Heavy trucks, construction vehicles, and other equipment necessary for excavating the waste
and constructing and filling the on-site storage facility would generate noise levels similar to those
described in Section 4.2.4.2 for the proposed alternative, but the duration of the work would be for
28 months rather than the 32 months required for construction of the SIP facilities.
4.4.5 Human Health
Under the SOS alternative, wastes in the trenches would be excavated, segregated and treated
by incineration and/or super compaction and emplaced in an on-site engineered facility (tumulus)
(Section 2.4). As long as the facility remained intact, intruders would be protected from significant
radiation doses. However, segregation and treatment may result in a more concentrated waste form.
The volume emplaced in the trenches is estimated to be between 500 m3 and 1000 m3 (see
Section 3.5). Because, the degree of compaction that would be achieved under the SOS alternative is
not known, the staff has assumed that the volume of the wastes would be reduced by a factor of
between I (no compaction) and 5. Thus, the waste disposed of in the on-site tumulus could have a
volume between about 100 m3 and 1000 in3. Using the staff's conservative estimate that the SLDA
waste has about 4 Ci of uranium and has an average waste density of 1500 kg/m 3, the average
uranium concentration of the emplaced wastes would be between about 3000 and 30,000 pCi/g
(about 110 and 1100 Bq/g).4 Because the radioactive wastes would be concentrated in the tumulus,
an inadvertent intruder who disturbed the wastes could experience much higher radiation levels than
an intruder who built a residence over the trench area, as in the no action or SIP alternatives (i.e.,
higher than the 100 mrem/year limit).
Additionally, because the engineered facility would be built at or above grade, future
weathering and biological activity (including an intruder) would ultimately cause the facility to fail.
After failure, the concentrated waste could be dispersed on the ground surface possibly exposing the
inadvertent intruder to higher doses than those that would result from the no action alternative. For
example, even if the waste were not compacted before emplacement but was diluted by a factor of
two as it was dispersed over the surface, the average concentration seen by an intruder residing on
the site might be about 1,500 pCi/g. If it is assumed, as for the no action alternative, that neither the
4

If the waste volume were 1,000 m3 , the calculation would go as follows: 4 Ci + 1,000 m3 - 1.5x 106 g/m3
pCi/g e 3,000 pCi/g. It the waste volume were 100 M3 , the concentration would be about 30,000 pCi/g.
NLIREG- 7613
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drinking water pathway nor radon contribute to the total dose, the intruder might receive about 7
times the dose estimated for the no action alternative at the end of a 1000-year performance period
(about 400 mrem/year). If the waste were compacted, the doses to an intruder could be even higher.
4.4.6 Ecology
The SOS alternative would cause approximately the same kinds and levels of impact on
terrestrial ecological resources as would the proposed alternative discussed in Section 4.2.6.
Additionally, as in Section 4.2.6, SOS would probably involve relocation of a short reach of Dry Run
with the attendant impacts on invertebrates and amphibians.
4.4.6.1 Terrestrial Ecology
Approximately 2.6 ha (6.4 acres) of additional, mostly open land outside and to the southeast
of the site boundary would be disturbed. Figure 2.9 shows that the tumulus would extend to the east
well beyond the existing disturbed area. Restoration of wetlands, however, might be more easily and
completely achieved because the tumulus would be located outside the existing wetland areas.
Migration of contaminants via the seeps along Dry Run would be effectively blocked, resulting in
virtually no exposure of plants or animals to trench-related contaminants via the seeps along Dry
Run.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.7.1).
4.4.6.2 Aquatic Ecology
By effectively isolating the trench-related chemical and radiological contaminants,
implementation of this alternative would substantially lower the existing very low rate of migration
of contaminants to the seeps along Dry Run and the Kiskiminetas River. Thus exposures of aquatic
biota in area streams to trench-related contaminants would be even lower than the already very low
exposures prevailing under existing conditions. Other than the impacts of construction on Dry Run,
no adverse effects from implementation of this alternative on aquatic communities would be
expected.
No impacts on federally listed threatened/endangered species would be expected to occur
because none are known to reside on or otherwise utilize the site (Section 3.7.1).

4.4.7 Criticality
Under the SOS alternative, the wastes would be exhumed, sorted, and configured in an onsite storage facility so as to avoid the potential for criticality to occur.
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4.4.8 Mitigation
Air quality mitigation and institutional controls similar to those described for the proposed
alternative (Section 4.2.8) would be necessary to ensure the viability of continued surveillance and
maintenance of the site.

4.4.9 Irreversible and Irretrievable Commitment of Resources
The SOS would remove parts of the Parks SLDA property permanently from commercial or
private use.
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5. COSTS AND BENEFITS OF THE
DECOMMISSIONING ALTERNATIVES
The benefits from the proposed action and alternatives would accrue mostly to the local
communities through the reduction of negative effects that stem from the SLDA site. The costs of the
proposed action or alternatives would be borne by the licensee. First the licensee's estimates of costs
for three alternatives are reviewed. Then benefits to the local area are estimated. The alternatives
considered here include no action, SIP with coal mine grouting (the licensee's preferred alternative),
DOS, and SOS.
The costs of these options include the physical cost of achieving the alternatives, including
labor, equipment, material, and supplies such as fuel. Other costs include mitigation measures to
reduce potential effects from the project and long-term monitoring. Long-term monitoring costs for
the DOS alternative are part of the disposal site fee for accepting the waste.
The benefits of each option include any increased availability of land for residential and/or
commercial development and the potential increase in the value of surrounding property that may be
negatively affected by the continued existence of the disposal site. Evaluating this latter effect is
crucial to the analysis because it may result in potentially large benefits.' The negative effect of a
waste disposal site can be characterized as an environmental disamenity. Crucial to estimating the
benefits of the various alternatives is how much the disamenity of the existing site depresses
surrounding property values, how much each alternative would reduce this effect, and if such a
reduction occurs, over what time period the resulting benefit would continue. Also important in
estimating this potential benefit is how benefits that accrue to future generations are discounted to a
"6present value." If differing effects of the alternatives would continue for decades or even centuries,
estimating benefits involves issues of intergenerational equity. Sensitivity analysis is used to examine
how assumptions, such as the discount rate, affect net benefit estimates of alternatives. Issues of
intergenerational equity are highlighted.
Review of the relevant literature, and of the local community views, indicates that any estimate
of the benefits based on potential changes in surrounding property values will be controversial and
subject to interpretation. A context for interpreting the estimates of benefits is provided by
highlighting the sensitivity of benefits to the underlying assumptions.

5.1 COSTS OF ALTERNATIVES
Table 5.1 presents a comparison of the costs for the four alternatives including no action, SIP,
SOS, and DOS. The no action alternative would not require any other out-of-pocket costs, although it
would forego any benefits of a remediated site, including the foregone value of the site in some other

'In this case the benefit results from a reduction in economic damages or "disamenity" costs (i.e., any reduction of costs
results in a net benefit).
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Table 5.1. Comparison of cost estimates for alternative projects
Staff estimate

Applicant estimate
Stabilization
in place

Stabilization
on-site

Disposal
off-site

Disposal
off-site

($1,000s)

($1,000s)

($1,000s)

($1,000s)

Mobilization

172

243

132

132

Site preparation and facilities

290

216

280

280

Gas line removal and disposal

12

12

12

12

Construct new gas lin e

95

95

98

98

Cleaning and grubbin g

25

25

15

15

346

350

287

287

1,172

1,173

Casing drill holes

150

150

Grout mine fill

634

529

Gravel mine fill

71

71

Activity

Control of water durinng construction
Drilling for mine stab ilization

Curtain wall grouting
Slurry wall construction

1,557
386

Hydraulic control borings with
geochemical attenuator

49

Grout injection, Trench 10

51

Shaping fill

35

Radon barrier

210

Geomembrane, 80 mil

142

Geomat

82

Drain sand blanket

58

Biointrusion layer

234

Filter sand

56

Soil cover

295
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Table 5.1. Continued
Staff estimate

Applicant estimate
Stabilization
in place

Stabilization
on-site

Disposal
off-site

Disposal
off-site

Build concrete vault

4,940

Build operation facility

3,663

3,471

0

429

525

525

Excavate waste and place in building

1,165

1,503

153

Treat waste-thermal

8,955

137

925

Earthwork

354

257

Incinerate waste
Classify waste

6,936

2,872

866

Place waste in vault

1,420

3,032

192

32,562

3,531

Freight to SLC (Envirocare)

2,202

175

Miscellaneous cost of box handling,
etc.

3,302

204

Package and transport to off-site
disposal
Disposal at Envirocare

310

Disposal off-site

See
incineration

Install leachate collection and vapor
extraction

921

890

445

Install wastewater treatment system

1,135

1,135

568

430

430

215

Operate waste water treatment

2,255

2,255

1,128

Site restoration

1,737

382

382

226

240

240

189

18

18

Operate leachate collection and vapor
extraction

Landscape and restore area

197

Ditch and drainage excavation

229

Erosion protection rock

203
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Table 5.1. Continued
Applicant estimate
Stabilization
in place
Dry Run relocation
Health and safety/quality
assurance/quality control

Stabilization
on-site

Staff estimate
Disposal offsite

Disposal
off-site

88
1,065

2,451

4,516

2,825

Demobilize (general contractor)

18

66

66

66

Groundwater monitoring wells

48

60

48

48

Total construction costs

$8,323

$39,841

$60,717

$13,584

Other costs'

14,700

15,500

14,700

14,700

Total costs in 1998 dollars as per
applicant

23,023

55,341

75,417

28,284

Total costs in 1997 dollars

22,138

53,212

72,516

27,197

Total project costs discounted to a
present value by 0.904

20,012

48,104

65,555

24,586

1500

1500

100

100

$21,512

$49,604

$65,655

$24,686 0

Surveillance and maintenance
Total discounted project costs
including surveillance and longterm maintenance
Costs as a percent of Stabilization in
place

100 percent

236 percent

318 percent

120 percent

'Range resulting from uncertain waste treatment requirements of staff-estimated DOS costs is from $23.7 million
to $34.6 million (see Table 5.2).
Source: ARCO/B&W 1995. Staff estimate is explained in text.

use and the foregone "amenity" 2 value to local residents of a remediated site. Besides the licensee's
cost estimates for the three alternatives, Table 5.1 includes the staff s estimate for the cost of the

2

"Amenity" as used here is defined as anything that increases well-being, including subjective feelings about the
surrounding environment. For instance, residents near a waste site may feel that the amenity value of their surroundings is
increased if the site has been remediated whether or not this is associated with a real decrease in health risk. "Disamenity"
refers to anything that has a negative influence on well-being including subjective feelings about the surrounding
environment.
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DOS alternative. The staff s estimate for DOS is much lower than the licensee's and the differences
are explained below. To facilitate comparison of the differences in assumptions, the staff's cost
estimate for DOS has been made comparable to the applicant's estimates in terms of profit, overhead,
and escalation rates. Although the staff believes that the licensee's rate for profit and overhead
(25 percent) overstates existing competitive conditions, the relative cost differences among
alternatives would not be affected if a lower rate were assumed. The absolute cost differences would
be reduced by about 7 percent of total construction costs if a competitive rate for overhead and profit
were applied. The licensee's inflation assumptions indicate that costs have been accounted for in
about 1998 dollars.
The most fundamental category resulting in cost differences among alternatives is "construction
costs," which are presented in 5.1. "Other costs" in Table 5.1 are similar for each alternative except
the no action alternative. These costs are mostly the applicant's internal costs for design and
management activities associated with the alternatives. The staff has adjusted each of the total
construction cost estimates to a present value (1997 dollars) assuming costs occur over a 2-year
period for each alternative. According to the licensee's cost estimates, SOS or DOS would cost over
two or three times the proposed action, SIP. However, the staff's cost estimate for the DOS
alternative indicates that it might cost only about 20 percent more than the SIP.
In general the licensee's cost estimate for the SIP alternative appears reasonable; however the
estimated costs for the DOS and SOS alternatives appear to be overstated. The staff has focused on
examining the DOS cost estimates because of the importance of comparing this alternative to the
licensee's preferred alternative SIP. Although the costs of the SOS alternative seem high, they were
not examined in detail because they appear to be similar to or significantly higher than DOS costs
without the long-term benefits of DOS. The following discussion focuses on the DOS costs and why
staff has presented an estimate that is significantly lower than that of the licensee.
5.1.1 Licensee's Estimate of Envirocare's Rate for Accepting Waste
The per-unit rate of the off-site disposal fee that would be charged by Envirocare is uncertain.
This rate would make a large difference if the quantities of off-site disposal were large, as assumed
by the licensee. Without a contract between the applicant and the waste disposal contractor, there is
no way to confidently estimate the charges for off-site disposal of the waste. The licensee has
reviewed the potential waste disposal options, including private and government-owned sites
(ARCO/B&W 1994, Section 6.5.2). The review found that costs range from less than $35/m 3 ($11/f-t)
to $24,500/m3 ($700/ft). The licensee's choice of disposal options was Envirocare of Utah because
of its commercial availability, not because it represented the only technically and environmentally
acceptable site or would have the lowest cost. Other much closer sites, such as uranium Mill Tailings
Remedial Action project sites in Cannonsburg and Burrel, had construction costs (according to the
licensee's review) of less than $17.67/m 3 ($0.50/ft3 ) of waste. However, for disposal at these sites,
space may be limited and regulatory arrangements would have to be approved. The licensee indicates
that existing private disposal facilities such as uranium mill tailings impoundments" . . . would be
highly suitable candidates for the majority (emphasis staff's) of the Parks SLDA wastes"
(ARCO/B&W 1994, p. 86). At present, the option of disposing of mixed waste at sites other than
Envirocare is probably not available. However, the licensee's statement about mill tailings
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impoundments being suitable for most of Park's SLDA wastes seems to indicate that most of the
waste would not have to meet Envirocare's mixed waste acceptance criteria; costs for mixed waste
disposal are about three times greater than for low-level radioactive waste. Also, the licensee has
included significant costs for sorting and treating wastes before shipment to Envirocare. Therefore,
the licensee's assumption (see below) that the charge for waste disposal at Envirocare would reflect
the much higher price for mixed waste may be conservatively high.
The charge rates for waste disposal at Envirocare vary by the volume of waste, with lower rates
given for higher volumes. Charges for waste classified as mixed waste are significantly more than for
radioactive waste. The licensee estimated an average of about $2100/m3 ($60/ft3). However, if the
wastes are classified as low-level radioactive waste, current charge rates for the SLDA waste
3
3
3
3
volumes anticipated by the licensee would be in the range of $360/M to $710/m ($10/ft to $20/ft ).
These rates apply to material that is predominantly low-level waste with some "pockets" of mixed
waste (J. W. Van Dyke, conversation with Al Rafati, sales representative director for Envirocare of
Utah, December 13, 1995). Assuming the lower end of this cost range, the licensee's estimate for
DOS would be reduced by approximately $20 million. Other points of reference that can be used to
indicate a range for off-site disposal costs include the 1993 rate for decommissioning the Apollo site.
At that time, disposal of natural soils to the Envirocare cost $424/m 3 ($12/ft). A contract with the
United States Department of Energy for accepting mixed wastes of similar volume to that in the
estimated SLDA trench wastes was $1500/m 3 ($42/ft3 ).
5.1.2 Licensee's Assumptions for DOS Requirements
The staff has done an item-by-item review of the licensee's cost estimate for DOS. In general,
this estimate seems to be based on very conservative assumptions about the requirements that would
be imposed on processing the waste and how much waste would need to be disposed of off-site. Such
requirements would be imposed by NRC and the State of Pennsylvania and cannot be precisely
known at this time. However, the staff has developed an alternative estimate of DOS costs based on
what the staff believes are more reasonable assumptions. In the following section, the staff outlines
the basis and key assumptions for its cost estimate. The staff recognizes that its alternative cost
estimate has uncertainty-costs could be higher or lower depending on the requirements imposed by
the regulating authorities. However, even within this uncertainty, the staff believes that the licensee's
cost estimate for DOS is on the order of double what the actual costs would be.
5.1.3 Key Staff Assumptions
Table 5.2 presents key staff assumptions about quantities of waste that would be required to be
disposed of off-site. These assumptions are based on the summary of source characteristics given in
Section 3.5 and Envirocare acceptance criteria. Based on monitoring data, radioactivity in the waste
remains highly segregated. These wastes can be identified by gamma monitoring as the wastes are
exhumed. The nonradioactive hazardous chemical trench contents are more dispersed but may be
quite limited in the extent of treatment they would require. Staff has made the following assumptions
to define the range of costs presented in Table 5.2.
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Table 5.2. Fundamental assumptions about waste quantity/costs
resulting in staff cost estimates for DOS
Cubic
meters

Cost per
cubic
meter ($)

Cost ($)

3,531

3,531,445

19200

Entire trench contents to bedrock

1000

Mixed waste soil shipped to Envirocare
Remaining soil potentially contaminated with hazardous
chemicals

18200

Soil above RBC-10 percent (reasonable estimate)

1820

Soil above RBC-50 percent (upper-bound estimate)

9100

Estimate of soil needing extensive treatment10 percent:
Based on "reasonable estimate"

182

1,000

257,0750

Based on "upper-bound estimate"

910

2,000

2,570,750a

Based on "reasonable estimate"

1638

400

925,470a

Based on "upper-bound estimate"

8190

865

10,006,6440

Remaining soil requiring less extensive on-site treatment

Estimate cost of soil treatment/disposal
Staff estimate if only mixed waste must be disposed
off-site

3,531,445

Staff estimate for 10 percent above RBC

4,713,990

Staff estimate for 50 percent above RBC (upperbound)

16,108,840
2,119

Licensee's estimate for Envirocare fee

32,346,300

'These costs have been increased over the cost per unit rate by 13 percent for inflation and then by 25 percent for
overhead and profit.
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(1) Radioactive waste is concentrated in 1000 m3 of trench contents. This waste meets Envirocare's
acceptance criteria for mixed waste without additional treatment at a cost of $353 1/m3
($100/ft). The staff has assumed a relatively high cost per cubic meter for disposal at
Envirocare because of higher rates for small volumes of mixed waste.
(2) About 18,200 m 3 of trench contents contains hazardous chemicals. Only a few detections of
contaminants in and near the trenches were above the EPA region III RBC for residential soil
(ARCO/B&W 1993). As discussed in Sections 3 and 4, the chemicals are conservatively
estimated to have minimal impacts even for consumption of on-site groundwater.
The staff has made three alternative assumptions to define a range of costs to account for the
uncertainty of regulatory decisions about its disposition:
*
*

0

Lower-bound estimate
Hazardous chemicals in this soil are sufficiently low that no treatment is necessary
Reasonable estimate
Ten percent of the 18,200 M3 (637,000 ft) of trench contents is above the RBC for
residential soil. One percent receives extensive off-site treatment (i.e. incineration) at
$1000/m 3 ($28.60/ft3) The remaining 9 percent receives low-temperature thermal treatment
at $400/m3 ($11.40/ft3) and can remain on site. These rates are based on a review of
treatment costs (Doty, Crotwell, and Travis 1991)
Upper-bound estimate
Fifty percent is above RBC for residential soil. Five percent receives extensive off-site
treatment (i.e. incineration). The remaining 45 percent receives low-temperature thermal
treatment and can be disposed of on site. Rates for thermal treatment and incineration are
$865/M 3 ($24.70/ft3) and $2000/m3 ($57.1 0/fW), respectively. The rate of thermal treatment
reflects the licensee's assumption. The rate for incineration has been doubled from that
used in the reasonable case above.

These assumptions are presented in Table 5.2 along with associated assumptions about cost
rates for treatment and disposal options. The resulting staff-estimated costs of $3.5 million (lower
bound) to $16.1 million (upper bound) can be compared with the licensee's estimated fee for disposal
at Envirocare of $32.3 million. This comparison results in a difference of about $16 to $29 million in
total project costs. The comparison accounts for the main difference in staff and applicant cost
estimates, although other cost assumptions detailed in Section 5.1.4 also contribute to the
significantly lower total costs that the staff has estimated for the DOS alternative.

5.1.4 Other Staff Assumptions
The following discussion provides other key assumptions that the staff has used where there are
significant cost differences between applicant and staff estimates for DOS cost components in
Table 5.1. The staff assumption that only about 7 percent as much waste would be shipped to
Envirocare reduces proportionately the licensee's estimated costs associated with transportation,
waste packaging, and handling of the wastes that would go to Envirocare.
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The staff has estimated only about 20 percent of the labor assumed by the applicant would be
required to sort and classify the waste. Also the staff assumes that a costly waste sorting facility
would not be necessary for this operation. The licensee's cost estimate for waste is based on 46,400
person-hours of labor, which is about 2.5 hours of labor to examine each cubic meter of trench
contents. The staff believes that much of the trench contents would be homogenous in terms of the
categories that would require classification, and therefore, on average, classification would require
much less time.
The staff has assumed significantly lower costs for waste excavation. The difference may be that
the applicant has assumed significant metal wastes would have to be cut into pieces during the
excavation. The staff believes that most of the metal waste is in Trench 10, and samples from this
area indicate it could be left alone. The staff's cost assumption reflects productivity rates for a
backhoe and a front end loader, with a 50 percent penalty to scan each shovel for radioactivity.
The staff has assumed costs for leachate and water treatment are 50 percent of what the
applicant has assumed. These costs were lowered because the licensee's costs seem to reflect
specially designed treatment systems, instead of which lower-cost "off-the-shelf' systems could be
used.
Finally, the staff has assumed that health and safety/quality assurance/quality control costs
would reflect 1000 samples from the trench contents at a cost of $2000 per sample. This provides a
sampling rate of about 1 sample for every 20 m3 of trench contents. The cost is about $1.7 million
lower than the licensee's assumption of over $4.5 million. The difference in this assumption may
reflect more extensive monitoring and testing that could be required if the much higher quantities of
waste assumed by the applicant were shipped offsite.
5.1.5 Long-term Costs for Surveillance and Maintenance
The licensee has not included costs for long-term surveillance and contingency maintenance
longer than 30 years. Any on-site remediation alternative would include costs of a surety bond for
long-term monitoring and institutional control. Such surveillance and maintenance costs for longterm institutional care would apply for the SIP and SOS alternatives and may apply to a lesser extent
to the DOS alternative. For SIP this would include maintenance of the existing soil cover. Based on
review and comments by DOE which has had some post closure experience with uranium mill
tailings remediation sites, staff has used a present value of $1.5 million as a one-time cost to account
for long-term monitoring and institutional control. This amount is assumed to be maintained as a
fund that could provide an annual average real return of $15,000 or 1% of the principle to support
long-term monitoring and routine maintenance. It should also be enough to cover some non-routine
repair and/or maintenance costs. This one-time cost has been included for all alternatives except
DOS and no action. Such long-term costs would probably not be necessary for the DOS alternative.
The staff does not believe the licensee's estimate for DOS would require any provision for longterm maintenance and surveillance because it assumes almost the entire trench contents are removed
from the site. However, the staff's estimate for DOS could require some short-term monitoring and
maintenance if non-radioactive hazardous soils were treated and left on the site. Monitoring and
institutional control would be for a significantly shorter time than for SIP or SOS because the
radioactive waste would be removed. The staff has assumed that $100,000 would cover these costs
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for DOS. This amount would provide some short-term monitoring and institutional control before the
site was released for use.

5.1.6 Summary
In summary, the lowest-cost alternative is no action, with essentially zero costs. The total costs
of the proposed action would be less than costs of the other alternatives. The staff has estimated the
cost advantage of SIP to be about $3.2 million compared with DOS, including the costs for long-term
maintenance and monitoring. This estimate is much less than the licensee's estimate for SIP of about
$44.1 million less than the DOS alternative when discounted and including staff's estimates for longterm monitoring and control. The much higher estimates of DOS costs by the applicant reflect what
the staff believes are unrealistic assumptions about state and federal clean-up requirements if this
alternative were implemented. According to the licensee's estimates, the costs of the SOS alternative
could be more than twice the cost of SIP. Staff has not examined the cost of the SOS alternative in
detail. SOS has several of the cost elements of DOS for which staff found the licensee's estimates
high, which suggests that it might cost significantly less than the estimate in Table 5.1. However, the
staff believes that the SOS alternative would cost as much as or significantly more than DOS without
the long-term benefits (see Section 5.2).

5.2 BENEFITS OF ALTERNATIVES
There are three types of economic benefits to the local community that could vary by
alternative. First, each alternative (except no action) could result in increased expenditures and
employment within the local community. Second, completely removing the SLDA as in the DOS
alternative would increase the land available for residential or commercial use. No increase in
revenues from land development would result from SIP with coal mine grouting or SOS. The third
type of benefit could result from reducing community concerns about the potential environment and
health effects from the trench contents. Removal of the waste could increase the value of the property
surrounding the site by reducing the environmental disamenity associated with the existing site. This
benefit involves the issue of whether the existing site has reduced surrounding property values, if so
by how much, and what effect the various alternatives would have in reversing this economic
damage. In terms of formal benefit-cost analysis, the project expenditures that result in local
employment and purchases from local businesses are part of a project's costs, not its benefits.
Because these local effects are often thought of as "benefits" to the local communities, they are
described and estimated in Section 5.2.1. However, they are not included in the benefit/cost
comparison (Table 5.6) at the end of this section.
5.2.1 Project Expenditures and Employment
Much of the labor requirements for the three alternatives include equipment operators, laborers,
and various construction workers and they could be a source of local employment. For purposes of
this analysis, the staff has reviewed the licensee's detailed worksheets in order to estimate
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nonspecialized labor requirements. For instance, laborers and equipment operators are considered
nonspecialized labor, while radiation specialists maintaining quality assurance are specialized labor.
The licensee's estimates of person-hours for the various alternatives are used. It is assumed that the
average wage for nonspecialized labor is $20 per hour. Table 5.3 presents the comparison of local
employment by alternative. Employment is assumed to take place over a 2-year period (the time
required to implement the alternative) in the surrounding area. Some of the jobs could go to local
residents. Assuming union labor, union hiring procedures would determine who was hired. Because
local unions usually cover wide areas and union procedures do not usually give preference to workers
based on proximity to the work site, it seems unlikely that local communities within 10 miles of the
site would get more than 20 percent to 30 percent of the jobs. At any rate, the preferred alternative
would result in only about 6 full-time job equivalents for a 2-year period.
Because they have a location advantage, local businesses [within 80 km (50 miles) of the site]
would receive many of the expenditures required for materials such as ready-mix, gravel, sand,
protection rock, soil, and the materials used for grouting. A large portion of nonlabor expenditures
would be to rent construction equipment and purchase fuel.
Total expenditures for construction equipment, materials, and supplies for SIP with coal mine
grouting would be about $2 million. Most of this would be for materials and supplies that would
probably be purchased in the local area.
The SOS alternative would result in the most purchases from local businesses because it
includes construction of a separation facility and concrete vault. Total expenditures for construction
equipment, materials, and supplies for SOS would be about $7.6 million, but many of these
expenditures would be for specialized materials that could come from outside the area. Even so, this
alternative could include over $4 million in purchases from local businesses [within 80 km (50 miles)
of the site].
The licensee's estimate for DOS involves a total of about $8.5 million in expenditures for
materials, supplies, and construction equipment. However, much of this includes rail transportation
outside the local area and purchase of special shipping containers. Even so, the construction of a
separation facility and fuel purchases could result in local expenditures similar to those for the SIP
with coal mine grouting alternative.
In Section 5.2, the staff has made an alternative cost estimate which is much lower than that of
the licensee. If the staff s estimate is realistic, regional expenditures and employment for DOS would
be significantly reduced and probably would be less than for the SIP alternative.

5.2.2 Land Availability
The DOS alternative would increase land available for commercial use by 6.1 ha (15 acres).
Assuming the value of the industrial land is $13,000 per acre (personal communication, Bud
Shannon, Parks Township Supervisor, with J. W. Van Dyke, Oak Ridge National Laboratory,
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Table 5.3. Regional benefits from project expenditures
Stabilization
in place

Stabilization
on-site

Disposal
off-site

Total man-hours

25,412

287,311

157,508

Estimate of local labor within
80 km (50 miles)

24,500

283,000

157,000

$490,000

$5,660,000

6

72

Estimated payments to local labor
Equivalent increase in full time employment
(2 years)

$3,140,000
39

Estimated purchases going to businesses within
80 km (50 miles) of site

$1.5 to $2.0 million

$3.0 to
$1.0 to
$5.0 million $3.0 million

Estimate of total expenditures going to
businesses and individuals within 80 km
(50 miles) of site

$2.0 to $2.5 million

$8.7 to
$4.1 to
$10.7 million $6.1 million

Source: This table is based on the licensee's conceptual design estimates of cost and manpower
requirements for the alternative projects.

I

I
I

January 18, 1996) the total value of this benefit is $195,000. The SIP and SOS alternatives do not
increase land availability and therefore do not offer this type of benefit. The addition of commercial
land (compared with the SIP with coal mine grouting and SOS alternatives, which make the land
unavailable for commercial use) could result in some additional employment and tax revenues. If
$195,000 were an actual increment in the value of land in Armstrong County it would result in
increased property tax revenues of about $4800 annually. Most of this-about $3900-would go to
the local school district with the remainder going to Armstrong County and Parks Township
(personal communication, Mark Salsgiver, Assistant Chief assessor for Armstrong County, with J.W.
Van Dyke, Oak Ridge Laboratory, March 29, 1996). However, unless there is a constraint on the
development of commercial land in this area or this particular site has some unique characteristics,
part of this increase in value and tax revenue might indicate a relocation of property value (some
properties become more valuable while others are reduced in value) within the local area as opposed
to an actual increase in total value. The SIP and SOS alternatives could result in ownership of the site
property by the state or federal governments, which do not pay local taxes. Although the federal or
state governments could pay in-lieu-of-tax payments to compensate the local government for the loss
of taxable property, this type of payment appears to be unlikely.
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5.2.3 Property Values
According to the assessments in Section 4, there is little difference in the health and
environmental effects of the various alternatives (see Table 6.1). However, a study of a similar waste
disposal site near Los Angeles (McClelland et al. 1990) indicates that significant adverse effects on
property value can result from the local community's perception of risk regardless of the actual
health risk. There is evidence that suggests this type of negative effect on property value may be
occurring in the vicinity of the Parks SLDA (see Section 3.1.4). Negative effects on property values
are considered economic damages. If economic damages can be reduced by any of the remediation
alternatives, this reduction in damages could result in an economic benefit for the local community.
The economic literature on the effects of environmental amenities and their effects on property
values considers this type of economic benefit important because it suggests what may be a
reasonable expenditure in order to eliminate hazardous waste sites and other types of noxious
facilities.
The study of a waste site near Los Angeles, California, by McClelland et al. (1990) used a
hedonic price model 3 with a neighborhood risk variable to study the effect of a landfill site on
surrounding property values. The site covered 77 ha (190 acres) with approximately 23 million m3
(30 million yd 3) of refuse. California Department of Health specialists found no evidence of
significant health effects. However, the study found that for each 10 percent increase in the
proportion of a neighborhood's residents that considered the site to be high risk, house prices in the
neighborhood decreased by an average of $2462. Closing the site increased the average house value
of $159,461 by $6877.However, even after site closure, housing prices were $7176 below what they
would be if there were no perception of health risks. Other hedonic price studies have also found that
facilities such as toxic waste sites, chemical plants, nuclear power plants, and noisy freeways have a
negative impact on property values. It is important to note that negative effects on property values in
the McClelland study were not tied to any demonstrated health risk. The perception of risk by enough
agents in the housing market reduced the property values.
No study of the relationship between property values and the Parks SLDA has been done.
However, studies of other sites can be used as an approximationof the potentialeconomic benefit
from on-site remediation or off-site removal. A summary of the results of other studies has been
listed in Table 5.4. The results from the Walker (1992) study (see Table 5.4) may give an
approximation of economic damages from the Parks SLDA. This study uses a very large data base
from across the United States to consider the effects of Superfund sites on both property and

3

The hedonic pricing method is often used to disaggregate the price of a good, such as a house, into the component prices
of its attributes such as living area, lot size, structural condition, area crime rate, or convenience to shopping and
employment centers. This method is considered an acceptable valuation methodology by the U.S. Department of Interior for
establishing economic damages for Superfund sites (Walker 1992).
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Table 5.4. Summary of hedonic study of economic damages from obnoxious sites
Study

Site/data
Pleasant Plains, N.J. had two hazardous waste
contaminated aquifers. 675 homes in Pleasant
Plains from 1968 to 1981 and sales of homes in
Andover from 1978 to 1981.

Benefits of removing a site (1995 dollars)
A residence in Pleasant Plains that was 1.5 to
1.75 miles from a site sold on average for
6 percent more than if it were within 0.5 miles.
The damage estimates for Andover were not
statistically significant.

Harrison and Stock 1984

II sites with toxic organic compounds. Sales of
2,182 individual homes in the Boston-Metro
area for years 1977-1981.

Damage estimates were not statistically
significant from zero.

McClelland et al. 1990

190-acre waste site with 30 million yd of
refuse.

$14,053 pir household before site closure or
8.8 percent of residence value. $6,877 per
household after site closure or 4.3 percent of
residence value. The difference $7,176 is value
of site closure.

Michaels and Smith 1990

1I sites with toxic organic compounds. BostonMetro area for years 1977-1981.

Annual benefits of $293 to $354 per household
for removal of a site.

Kohlhase 1991

Site listed on National Priorities List for
Superfund sites. Sale of homes in Housing,
Texas for 1976, 1980, and 1985.

Annual benefits of $445 per household to
remove a site from the county.

Nieves et al. 1991

Includes Superfund sites and two commercial
facilities for disposal of low-level radioactive
waste. 34,414 households and 46,004 workers
from 1980 census data.

Damage estimates were not statistically
significant.

Walker 1992

34,414 households and 46,004 workers from
1980 census data.

Annual damage estimates were $219 for one
Superfund site in a county, declining with
increasing number of sites.

Adler et al. 1982

!.4

Source: Studies reviewed in Walker 1992.

m

-

M

m

m

-

m

m

m

-

m

-

-

m

-

-

I

CSTSADBNF

household income to establish economic damages. Data from this study were from the 1980 census
for 253 counties. It included over 34,000 households and 46,000 workers. Matching workers to
households resulted in 23,937 observations (Walker p. 61). Households provide observations on rent
or house price, while workers matched to a household provide observations on household income.
Economic theory predicts that the rent or house price will tend to decline if the Superfund site is
considered a disamenity, while household income will tend to increase as compensation for the
disamenity. A combination the estimated effects of Superfund sites on these variables (rent and
household income) is used to estimate the total economic damages.
A strength of the Walker study is that it is based on a very large data set that considers many
different sites and controls for many site-specific variables. This type of study can more readily
capture the statistical trends related to economic damages that are difficult to capture with small data
sets where only a single geographic area is observed. These smaller studies typically specify a
relationship of increasing housing price as a function of increasing distance from the noxious site;
increased distance is assumed to decrease the disamenity from the noxious site. This distance/effects
relationship may be obscured by other factors that may also be related to the distance variable, such
as employment opportunities. A disadvantage of using the Walker study is that it gives average
results based on many different sites that may or may not correspond to the economic damages
associated with the Parks SLDA site.
The incremental economic damages attributed to a Superfund site in the Walker study decline as
the number of sites in a county increases. If there is only one site in a county, the estimated annual
benefit per household for cleaning up the site is $107; if there are two sites, the estimated annual
benefit per household of cleaning up one site declines to $94; the decline in benefits continues to $7
per household if there are nine sites. Armstrong County does not have any Superfund sites. However,
because of the local controversy related to Parks, the staff believes that the Parks SLDA and the
Parks nuclear operation each might be considered similar to Superfund sites in Walker's study. In
Walker's study, removing a single site from a county with two sites would result in annual benefits
of $94.30 per household in 1980 dollars. Using a factor of 2.05 to reflect inflation in housing costs
between 1980 and 1995, the annual benefit value is $193 per household in 1995 dollars.
This amount has been further adjusted to reflect lower housing values in Armstrong county than
in the Walker study. The Michaels and Smith (1990) study found that economic damages tend to be
lower in lower-value housing markets. The median value of a house in Armstrong County in 1990
was 56 percent of the median value of a house in the United States. This percentage was used to
make a downward adjustment of the economic damage value from the Walker study. Ideally, the
adjustment would be based on comparing Armstrong County housing values with housing values
from the Walker study, but this information was not available. The large difference in housing value
probably reflects three factors: (1) Armstrong County is more rural (85 percent) than the national
average (25 percent); (2) Armstrong County has a median household income of $23,000 compared
with a national median household income of $3 1,000; and (3) Armstrong County was losing
population in the 1980s-Armstrong's highest decennial population was 81,087 in 1940, compared
with a 1990 population of 73,478.
An adjustment for future growth or decline in Armstrong households was considered but
rejected. In 1990 there were 21,065 households in Armstrong County. 'the population has been
estimated to have grown only 0.3 percent annually from 1990 to 1994 (personal communication,
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Institute of State and Regional Affairs, Pennsylvania State University at Harrisburg, with J. W. Van
Dyke, Oak Ridge National Laboratory, December 21, 1995). However, the population decreased
between 1980 and 1990 by a total of about 5 percent. Therefore, for purposes of this analysis, no
growth is projected in the number of households.
In order to be comparable to costs, the annual value per household was adjusted upward by
8.16 percent to 1997 dollars. After all adjustments, the annual value of damages per household was
$117. This was multiplied by 21,065 households in Armstrong County for annual damages of
$2.46 million. The multiplication by the number of households does not imply that each household
has been impacted to the same extent. The households variable indicates that higher population
density near the site tends to result in more total impact. The annual damages total is an
approximation of the benefit for totally eliminating economic damages as extrapolated from the
Walker study. Using a 7 percent discount rate for 15 years, this would translate to a present value
increase in housing value of about $22.4 million (1997 dollars).4 As with the increase in the value of
industrial acreage, an increase in residential property value would result in corresponding increases
in property tax revenues. The annual increase in tax revenues within Armstrong county would be
about $550,000, with about 80 percent going to local school districts. However, while this may be a
benefit to local governments, it is a cost to property owners and, therefore, does not result in a net
benefit to Armstrong County. Also, the increased value of residential housing could result in a
reduction of tax rates, leaving local tax revenues unaffected.
There is significant uncertainty about how much of the estimated benefit would be realized by
the SIP with coal mine grouting and the SOS alternatives. The DOS alternative, if successfully
implemented, would totally eliminate the site. Thus, it is reasonable to assume that this alternative
would result in capturing the full benefit resulting from eliminating economic damages. The SIP with
coal mine grouting and DOS alternatives seem less likely to capture the full benefit of reducing
economic damages to zero. For instance, the McClelland et al. (1990) study (discussed earlier) found
that site closure reduced the economic damages on local property values by about 50 percent but did
not eliminate the effect. To test the range of benefits and portray the conditions that would be
consistent with alternative levels of benefit, several assumptions about how the alternatives would
affect economic damages were tested. The effects of alternative actions on benefits are presented for
three different assumptions that associate the effect of changes in the perception of potential health
effects with changes in economic damages:

4

Although, it is based on the concept of an annual value from reduction in economic damages, this approximation does
not reflect the full potential benefit for reducing economic damages. Calculating the change in residential housing value by
calculating a present value for 15 years at a 7 percent discount rate is intended to reflect a current market value. This is
different than calculating a social value of the benefit that could continue for a much longer period of time and account for a
social time preference for benefits (at a lower discount rate) as opposed to the private housing market's preference (using the
7 percent discount rate) for calculating the value of these benefits. The issues behind these assumptions are more fully
discussed in the remainder of this section and in Appendix F.
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(1) The change in perception of potential health effects reduces economic damages to zero
immediately.
(2) The perception of potential health effects reduces economic damages to zero after 30 years.
(3) The perception of potential health effects reduces economic damages by half for the entire
period.
Maximum benefits result from case (1) above because the perception is that the potential for
health impacts is eliminated. Cases (2) and (3) describe benefits associated with partial elimination
of the perceived potential for health effects. Table 5.5 presents the alternative benefits for these cases
with three alternative discount rates. Discounting adjusts values occurring at different points in time
to a present value that accounts for the tendency in making economic decisions to reduce values
progressively as they occur further in the future. Therefore, different streams of costs or benefits can
be reduced to a present value corresponding to a point in time. The rationale and interpretation for
the alternative discount rates in Table 5.5 is described in Appendix F. Presenting various benefit
scenarios is intended to portray the uncertainties in the assessment of economic damages, and the
intertemporal issues that are important for the benefit-cost evaluation of alternatives.
Table 5.5 portrays the basic benefit tradeoffs related to changes in community perception, and
the effects of accumulation of benefits over time. Possible changes in community perception are
described in the first column. The remaining columns describe the accumulation of discounted
benefits over time for the alternative cases. The quantitative benefits in this table are based on the
analysis of Superfund sites that resulted in a calculation of a potential total annual benefit to
residents of Armstrong County of $2.46 million for totally eliminating economic damages associated
with the SLDA site (see above). This table is intended to convey how the alternative cases and the
accumulation of benefits over time are related to these annual benefits. The DOS alternative is
consistent with the "perception of potential health effects reduced to zero immediately" case that
achieves the highest potential benefits. The SIP with coal mine grouting and SOS alternatives could
also be consistent with this case; however, the benefits they could achieve might be much less, as
explained in the following paragraphs.
Table 5.5 suggests that any alternative that reduces the perceived potential for health effects of
the SLDA would result in significant benefits to the local community. The highest benefits would
occur for alternatives that resulted in immediate and significant reduction of perceived health effects.
Because discounting gives future values progressively less weight in the calculation of total present
value (see Appendix F), total cumulative (over time) benefits to the community would be reduced by
delaying the implementation of alternatives, or by alternatives that rely on the passage of time to
reduce the perceived potential health effects associated with the site. This effect has important
implications because to the extent that discount rates are positive, it puts a premium on alternatives
and actions that, achieve an earlier reduction of perceived potential health effects. Alternatives that
may eventually achieve the same amount of reduction in perceived potential health effects are much
less appealing because earlier benefits are given significantly more weight.
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Table 5.5. Potential property valuation benefits from reducing perception of potential health effects
(millions of 1997 dollars)
Community's perception of potential health effects

Benefit over

Benefit over

Benefit over

Benefit over

30 years

50 years

250 years

500 years

At 7 percent real discount rate*
Perception of potential health effects is reduced to zero immediately (case 1)

$30.6

$34.0

$35.2

$35.2

Perception of potential health effects is reduced to zero after 30 years (case 2)

$0.0

$3.4

$4.6

$4.6

$15.3

$17.0

$17.6

$17.6

Perception of potential health effects is reduced to zero immediately (case I)

$63.6

$96.5

$225.8

$244.6

Perception of potential health effects is reduced to zero after 30 years (case 2)

$0.0

$33.0

$162.2

$181.0

$31.8

$48.3

$112.9

$122.3

Perception of potential health effects is reduced to zero immediately (case 1)

$73.9

$123.1

$615.7

$1,231.4

Perception of potential health effects is reduced to zero after 30 years (case 2)

$0.0

$49.3

$541.8

$1,157.5

Perception of potential health effects is halved for entire period (case 3)
At 1 percent real discount rate**

00

Perception of potential health effects is halved for entire period (case 3)
At 0 percent real discount rate***

Perception of potential health effects is halved for entire period (case 3)
$36.9
$61.6
$307.8
$615.7
*Benefits can be directly compared to costs in Tables 5.1 and 5.2 that have been discounted at 7 percent
**To compare these benefits to costs that have been discounted at 7 percent, they should be multiplied by 1.52 which reflects the shadow price of capital (see
Discount Appendix).
***To compare these benefits to costs that have been discounted at 7 percent, they should be multiplied by 1.65 which reflects the shadow price of capital (see
Discount Appendix).
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The effect on surrounding property values of the SIP with coal mine grouting or SOS
alternatives could be. similar. The benefits associated with DOS could be considerably more because
it would totally eliminate the site as a concern to the community as soon as remediation was
completed. The SIP with coal mine grouting and the SOS alternatives stabilize the waste but result in
a permanent disposal site in the local community. The benefits from these alternatives would depend
on how much and how soon they reduced the perception of health effects and the disamenity
associated with the site. The McClelland et al. (1990) study suggests that perceptual cues such as
sight and smell may play a significant role in determining perceived potential health effect attitudes.
Therefore, the perception of potential health effects might be related to the visual presence of the site
after closure. SIP with coal mine grouting and SOS could reduce perceptions of potential health
effects to minimum levels through appropriate design and landscaping. However, visible security
measures to prevent human intrusion would remind viewers of the waste disposal site. The passage
of time might or might not provide the impetus for reducing perceived potential health effects.
However, as portrayed in Table 5.5 by the case where the "perceived potential health effect is
reduced to zero after 30 years," relying on the passage of time significantly reduces the total benefit
because the earlier periods are important in the calculation of total benefits.
The alternative benefits that are described in Table 5.5 depend on alternative perceptions by
local residents of the remediated site. Local attitudes can vary over time as residents gain experience
or receive new information such as health studies. The local news media focus will probably
continue to play a key role. No matter what action is taken, if the controversy related to the SLDA
recedes, the economic damages would tend to be reduced even in the case of no action. Continued
controversy, even if site closure were achieved through SIP with coal mine grouting or SOS, could
keep the perceived potential health effects (and therefore economic damages) high. Therefore
benefits of SIP with coal mine grouting and SOS would be low compared with the benefits of DOS.
The alternatives would achieve benefits to the degree they reduced the community's perception of
potential health effects. For any amount of reduction in the perception of potential health effects, the
total present value of economic benefits would be greater the earlier the reduced perception of health
effects was achieved.

5.3 SUMMARY AND COMPARISON OF BENEFITS AND COSTS
Table 5.6 presents a summary of the benefits and costs that are relevant for comparison. The
maximum property valuation benefits have been included for the DOS alternative because this
alternative could potentially totally eliminate the perception of potential health effects upon its
completion. It is much less likely that the SIP and the SOS alternative would achieve the maximum
property valuation benefits and they have been assigned a range of benefits defined by one-half of the
property damages and a 30-year delay before the perception of potential health effects is reduced to
zero.
Table 5.6 points out that the time period over which benefits are calculated is extremely
important. The weight given to the benefits that would accrue to future generations is also extremely
important. Clearly if the annual benefits are significant, then intergenerational issues, i.e.
discounting becomes extremely important.
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Table 5.6. Summary of present value of costs and benefits* (millions of 1997 dollars)
Costs
Alternative

t'J
0

Benefits
50 Years
500 Years
7 percent discount rate
$3-17
$5 to $18

Stabilization in Place (SIP)

$22

Stabilization on Site (SOS)
Disposal off-site (DOS)-applicant's
estimate
Disposal off-site (DOS)--staffs
estimate
No action

$50

$3-17

$5 to $18

$66

$34

$35

Stabilization in Place (SIP)
Stabilization on Site (SOS)
Disposal off-site (DOS)--applicant's
estimate
Disposal off-site (DOS)--staffs
estimate
No action

$33
$75

$25
$0

$100
$38
$0

$34
$35
$0
$0
1 percent discount rate
$33 to $48
$122 to $181
$33 to $48
$122 to $181
$97

$245

$97
$245
$0
$0
0 percent discount rate

Net Benefits
50 Years
500 Years
($19) to ($5)

Benefit to Cost Ratio
50 Years
500 Years
0.1 to 0.8

0.2 to 0.8

($47) to ($33)

($17) to ($4)
($45) to
($32)

0.1 to 0.3

0.1 to 0.4

($32)

($31)

0.5

0.5

$9
$0

$10
$0

1.4
NA

1.4
NA

$0 to $15
($42) to ($27)

$89 to $148
$47 to $106

1.0 to 1.5
0.4 to 0.6

3.7 to 5.5
1.6 to 2.4

($3)

$145

1.0

2.5

$59
$0

$207
$0

2.6
NA

6.4
NA

1.4 to 1.8

17.6 to 33.1

0.6 to 0.8

7.5 to 14.1

Stabilization inPlace (SIP)

$35

$49 to $62

$616 to $1,158

$14 to $27

Stabilization on Site (SOS)
Disposal off-site (DOS)--applicant's
estimate
Disposal off-site (DOS)-staffs
estimate
No action

$82

$49 to $62

$616 to $1,158

($33) to ($20)

$581 to
$1,123
$534 to
$1,076

$108

$123

$1,231

$15

$1,123

1.1

11.4

$123
$0

$1,231
$0

$82
$0

$1,190
$0

3.0
NA

30.0
NA

$41
$0

*Economic benefits include only effects of reducing economic damages to property. Other "benefits" such as expenditures in the local community are
actually costs of implementing the alternatives, although those individuals receiving employment and the businesses receiving revenues from project expenditures may
consider this a favorable effect.
**The costs and benefits at 1 percent and 0 percent discount rates reflect the Social Rate of Time Preference, which includes an adjustment to costs based on a
.shadow price of capital." This adjustment is 1.52 times the costs discounted at 7 percent for benefits calculated at 1 percent and 1.62 times costs for benefits
discounted at 0 percent. The rationale for the alternative discount rates is explained in Appendix F.
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As a government investment criterion, benefit to cost ratios that are greater than 1.0 indicate
projects that are economically favorable and should be considered while those that are less than 1.0
should not be undertaken. Table 5.6 indicates that at the OMB discount rate of 7% only the DOS
alternative using staffs cost estimate has a favorable benefit to cost ratio. At lower discount rates
and over longer periods other alternatives could achieve positive benefit to cost ratios and potentially
large positive net benefits.
Finally, it is important to keep in mind the assumptions that have gone into the derivation of the
benefit and cost estimates in this Chapter. Both costs and benefits include significant uncertainties.
These uncertainties have been portrayed through alternative assumptions that result in the wide
ranges presented in Table, 5.6. The uncertainty for costs resides mostly in the DOS alternative and
results from alternative assumptions about regulatory requirements that would effect waste quantities
shipped off-site and the requirements for classifying and handling waste that is processed. The
uncertainty in benefits results from:- 1) the applicability to the Park's site, of results from a national
study of property value effects attributed to Superfund sites; 2) an alternative's capacity to reduce the
site's negative effect on surrounding property values; 3) the future time horizon over which negative
effects on property values would result if no action is taken; and 4) the importance that effects
occurring far in the future are given, compared to the present, i.e., discounting future values to a
present value. Staff has attempted to address the latter three uncertainties through sensitivity
analyses with the results defining the ranges included in Tables 5.5 and 5.6.
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6. STAFF ASSESSMENT
Based on the analyses presented in this document, it can be concluded that, in its present
condition (no action), the uranium at the SLDA is extremely immobile in groundwater. Uranium has
not been detected outside the immediate vicinity of the trenches as a result of the high retardation
capacity of the soils. VOCs, which have reached equilibrium and are declining in concentration
within the trenches, have only migrated approximately 30 m (100 ft). The analyses indicate that for
any of the alternatives (no action, SIP, SOS, or DOS), off-site impacts would be low and no off-site
dose is expected. The principal health concern related to the on-site alternatives (no action, SIP, and
SOS) would be the effects of possible future human intrusion directly into the waste because the onsite doses for these alternatives exceed NRC's criteria for unrestricted use. Direct intrusion into the
waste could be prevented by applying institutional controls to the site. Section 4.2.8.2 provides a
description of the types of controls which could be used. Such controls would include prevention of
on-site intrusion, maintenance of the site, and continued surveillance and monitoring of the site to
ensure protection of the public and environment.
DOS is the only alternative that would allow the SLDA property to be released for unrestricted
use, thus potentially resulting in the maximum economic benefits to the community. However, there
would be increased risks associated with the removal and processing of the material from the
trenches. These would mainly involve minor exposure risks to workers, who would be in contact
with the waste, but there would also be increased risks from transporting the waste to another
disposal facility. These activities would present the potential for internal and external doses to
workers or the public in the event of an accident. Depending on the disposal costs, which could vary
between $15 and $60 per ft3 and the actual volume of waste disposed, DOS could be the most
expensive alternative. The final disposal cost would be contingent on a number of variables and
would have to be negotiated with the disposal site management at the time of decommissioning.
The SOS alternative, like the DOS alternative, would require that the trench contents be
removed, processed, and placed in shipping or storage containers. The process of removing the
trench materials would be expected to result in an increased risk to workers, a slightly increased
negative impact on air and water quality, and increased noise.
The SIP alternative would involve the use of engineered barriers described in Section 2. These
barriers would be intended to isolate the uranium and prevent it from migrating laterally out of the
stabilized area for the life of the barriers. Leachate would be directed vertically into the coal mine,
where uranium would be diluted to levels below detection limits. However, the analysis concludes
that the uranium is highly immobile and these barriers are not needed to prevent migration. Coal
mine stabilization, proposed as part of the SIP alternative, would essentially eliminate concerns about
subsidence or sink holes in the vicinity of the trenches. To ensure the durability and continued
effectiveness of this alternative, SIP would include long-term institutional controls.
Because there would be a possibility that the institutional controls could fail, the doses
associated with inadvertent intrusion have been analyzed for the no-action, SIP, and SOS
alternatives. The inadvertent intruder analysis assumes that institutional controls fail and a farmer
lives on the site and obtains water and food from the site. This analysis indicates that the dose to an
inadvertent intruder for each of these alternatives is about 42 mrem/year if the intruder occupips the
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site in the near future. If the site is occupied at 1000 years in the future, the intruder dose would be
approximately 55 mrem/year.
After weighing the costs, benefits, and impacts of the proposed action and other alternatives, the
staff has preliminarily concluded that a modified-SIP (MSIP) alternative adequately protects the
public and the environment and has the lowest costs. Under this approach, institutional controls
would be used to: (1) prevent people from living on the site; (2) provide for a maintenance program
to maintain the soil cap in its present condition and to prevent any erosion of the cap caused by
runoff or erosion of Dry Run; and (3) provide for a monitoring program to continue monitoring the
wells on site to ensure off-site doses continue to be negligible. The exact scope of the institutional
controls would be approved as part of the Decommissioning Plan (DP) for the site. The DP would
address site ownership, maintenance requirements, monitoring requirements, and provisions to adjust
the institutional controls as necessary. In addition, this approach would include grouting of the mine
to prevent subsidence and possible damage to the current soil cover at the site. However, for the
MSIP alternative, the engineered barriers and cap proposed in the SIP alternative would not be
implemented because the uranium is expected to remain immobile.
The staff concludes that implementation of the MSIP alternative, including associated long-term
institutional controls as described in Section 4.2.8.2, would be most protective of public health and
the environment. The no-action alternative cannot be considered because the on-site doses exceed
NRC's criteria for unrestricted use. The DOS alternative would allow the SLDA property to be
released for unrestricted use, but there would be increased risks associated with the removal and
processing of the material from the trenches. The remaining options (SIP, SOS and MSIP) all include
long-term institutional controls. Since the analysis concludes the uranium is highly immobile, the
barriers proposed in the SIP alternative are not needed to prevent migration. The SOS alternative
would offer no advantages over DOS and SIP but would have several disadvantages.
A summary of the environmental impacts of the proposed action and alternatives is presented in
Table 6.1, and a comparison of potential radiation doses over time for each alternative is presented in
Table 6.2. The MSIP alternative would have the same impacts as the SIP alternative on community
resources because the site would be a restricted area and not available to the community for
development. There would be short-term impacts from the construction vehicles that would be used
in mine stabilization; however, there would not be future impacts from mine collapse. This
alternative would have the same impacts as the no-action alternative in the areas of hydrology
because the hydraulic barriers would not be used; therefore, the current hydrology would remain
unchanged. In the areas of air quality and noise, the impacts of the MSIP alternative would be similar
to the SIP alternative in that there will be some construction on site for the mine stabilization and
erosion controls around Dry Run. The air quality and noise impacts would not be as large as for SIP
because the cap, slurry wall, and grout curtain would not be built and because construction times
would be much shorter than for SIP. In the area of human health, as discussed earlier, the impact of
the MSIP alternative would be identical to the SIP and no-action alternatives (Table 6.2). In the area
of costs, the costs for the MSIP would be about 31% of the cost for SIP (Table 6.3) but slightly
greater (approximately $7M) than no-action because of costs associated with mine stabilization and
institutional controls. Table 6.4 provides a comparison of the benefit to cost ratios of MSIP and the
other alternatives. At the 7% discount rate MSIP has potential for a favorable benefit to cost ratio
which increases at the lower discount rates.
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Table 6.1. Summary comparison of impacts of alternatives
Resources
Community

No action

Modified SIP

On site alternatives
Stabilization in-place

Stabilization on-site

* Unlikely to affect commercial development.
" Development of residential areas would continue to be slow.
* Citizen's concerns would continue.

Disposal off-site
* Property

* Property restricted, monitored, and access controlled indefinitely,

unrestricted and
available for
development.
* Development could
result in added
revenue to the tax
base.
* Citizens' concerns
should diminish.

e Traffic would increase temporarily during on-site activities.
Geology and soils

C)~

e Coal mine likely to
subside within
1000 years.
" Sinkholes possible
above Trench 10.
" Erosion and/or
landslides could
occur.

* Mine stabilization would virtually eliminate subsidence and sink

holes.
e Erosion along Dry Run would be reduced by reducing slope and use
of riprap.

" Radioactivity at seeps along Dry Run could
reach 40 pCi/L.

Z.

- Most groundwater flow would be diverted
to the coal mine.
* Contamination of seeps would be less than
40 pCi/L.

T

e No long-term
impacts from
residual
contamination.
• Subsidence would
likely occur within
1000 years.

Few short-term impacts from exhumation.
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Table 6.1. (continued)
Resources

Hydrology

No actionDipslf-ie

Modified SIP

e Contaminants continue to leach slowly and
be diluted by groundwater.
" First shallow bedrock zone might produce
sufficient water for well.
" Assuming no retardation of uranium by soil
or bedrock, concentration at on-site wells
could average 160 pCi/L.
" Contamination of Dry Run seeps would be
diluted by surface water.
* Construction of a
well in the
trenches would be
prevented by
institutional

On site alternatives
Stabilization in-place

Stabilization on-site

a Contamination would be directed
downward promoting retardation and
dilution.
* Construction of a well in the trenches
would be prevented by remediation works
and institutional controls.

Disposal off-site
• Potential for future
groundwater
contamination
would be removed.

9 Control measures would be implemented to prevent runoff and
erosion during construction.
Under optimum
operations, there
would be
negligible impacts
to groundwater.
• Failure of tumulus
could cause
greater impacts
than failure of
proposed action.
Potential for surface contamination and
runoff would be increased by exhumation.
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Table 6.1. (continued)
Resources
Air quality and noise

No action

Modified SIP

On site alternatives
Stabilization in-place

Stabilization on-site

Disposal off-site

• Potential for
future exposure
would be reduced
by the tumulus.

• Potential for future
accidental exposure
of wastes would be
removed.
* Transportation
would present low
probability of
accidents that
could result in
release.

e No adverse effects in foreseeable future.
e Future intruders or
natural events
could expose
wastes leading to
atmospheric
release.

eTemporary increase in emissions from vehicles and fugitive dusts during on-site activities.
1 With appropriate mitigation, no exceedences are expected.

I

• No significant noise impacts are expected.

I

I

Human health

71~

Gradual migration and dilution of uranium
would reduce ingrowth of progeny and
potential future dose.
" Future access to
the site could
rcsult in an
unacceptable dose
due to intrusion
directly into the
trenches.

Exhumation would expose wastes, but
controls should keep impacts to acceptable
levels.

e Long-term ingrowth of uranium progeny in
the trenches would increase potential dose
for intruder.
* Failure of tumulus
* Partial failure of
the engineered
could result in
barriers would not
increased dose.
significantly
increase the dose.

* Intrusion would be

eliminated.
* Upper bound
transportation
accident estimates
indicate no injuries
to workers or the
public would be
expected.

* Intrusion would be virtually eliminated by long-term institutional
controls.
Future use of a well on-site would result in a negligible dose.
2-4

* Could result in internal and external doses
to workers.
* A low exposure hazard, would be further
reduced by controls and personal
protection measures.
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Table 6.1. (continued)
Resources

No action

Modified SIP

Ecology

• No noticeable impacts to terrestrial or
aquatic organisms would be expected.

Cultural resources

* No adverse impacts to cultural resources

Environmental
justice

e No Environmental Justice concerns.

Costs (millions of
1997 dollars,a 7%
discount rate)

$0

C)

$7

On site alternatives
Stabilization in-place
• Would alter or
destroy a few
acres of previously
disturbed plant
communities.
* Current low levels
of contaminants
would be reduced
further.
* Impacts to small
wetlands would
require permitting.

*

Smaller wetland
impact than SIP
because tumulus
located outside
Dry Run area.
• Would affect
additional land
outside the site
boundary.

*

$22

$50

$25-66

$3-17

$34

Benefits (millions of
$0
$3-17
$3-17
1997 dollars,a 7%
discount rate)
aFor sensitivity of benefits to discount rates and time factors, see Table 5.6.

-

-

-

m

Disposal off-site

Stabilization on-site

-

-

-

-

Would affect small
fraction of wetland
around Trench 3.
* Restoration of
affected land area
would be
enhanced.
• Any potential for
radiological or
chemical impacts
would be removed.

-

-
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Table 6.2. Comparison of potential initial excess doses for uranium
for the Parks SLDA alternatives
Estimated on-site dose ratea
(mrem/year)
Time periods (years)
Alternative

Worker

0
(current)

1,000

Initial offsite dose
(mrem/
year)

Estimated
cost
(million $)

No action

-

42

55

<0.001

0.0

Stabilization
in place

-

42

55

<0.001

22

Stabilization
on site

<100"

-

400

-1

50

Disposal
off-site

<100b

-

-

-1

25-66

42

55

<0.001

7

Modified

stabilization
in place
'Doses estimated are to an inadvertent intruder. As long as access controls are in
place, these doses are nonexistent. Estimates are based on the assumption that neither
radon or drinking water contribute to the dose.
hWorst case estimate for total dose during excavation and movement of wastes.
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Table 6.3. Comparison of cost estimates for alternative projects
Staff estimate

Applicant estimate

Stabilization
in place

Stabilization
on-site

off-site

Dispcosal
off-s ite

Disposal

Modified
stabilization
in place

($1,000s)

($1,000s)

($1,000s)

($1,00 Os)

($1,000s)

Mobilization

172

243

132

1 32

45

Site preparation and facilities

290

216

280

2880

Gas line removal and disposal

12

12

12

12

Construct new gas line

95

95-

98

98

Cleaning and grubbing

25

25

15

15

Control of water during
construction

346

350

287

2887

1,172

1,173

1,172

Casing drill holes

150

150

150

Grout mine fill

634

529

634

Gravel mine fill

71

71

71

Activity

Drilling for mine stabilization

Curtain wall grouting
Slurry wall construction

1,557
386

Hydraulic control borings
with geochemical attenuator

49

Grout injection, Trench 10

51

Shaping fill

35

Radon barrier

210

Geomembrane, 80 mil

142

Geomat

82

Drain sand blanket

58

Biointrusion layer
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Table 6.3. Continued
Applicant estimate
Stabilization
in place
Filter sand

56

Soil cover

295

Stabilization
on-site

Staff estimate
Disposal
off-site

Disposal
off-site

Build concrete vault

4,940

Build operation facility

3,663

3,471

0

429

525

525

Excavate waste and place in
building

1,165

1,503

153

Treat waste-thermal

8,955

137

925

Earthwork

354

Incinerate waste

257

Classify waste

6,936

Place waste in vault

1,420

2,872

866

3,032

192

32,562

3,531

Freight to SLC (Envirocare)

2,202

175

Miscellaneous cost of box
handling, etc.

3,302

204

Package and send to off-site
disposal
Disposal at Envirocare

Disposal off-site
Install leachate collection and
vapor extraction
Install wastewater treatment
system

Modified
stabilization
in place

310

See
incineration

921

890

445

1,135

1,135

568
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Table 6.3. Continued
Staff estimate

Applicant estimate
Disposal
off-site

Disposal
off-site

430

430

215

Operate waste water treatment

2,255

2,255

1,128

Site restoration

1,737

382

382

226

240

240

189

18

18

Stabilization
in place
Operate leachate collection
and vapor extraction

Landscape and restore area

197

Ditch and drainage
excavation

229

Erosion protection rock

203

Dry Run relocation

Stabilization
on-site

Modified
stabilization
in place

88
1,065

2,451

4,516

2,825

Demobilize (general
contractor)

18

66

66

66

5

Groundwater monitoring
wells

48

60

48

48

48

Total construction costs

$8,323

$39,841

$60,717

$13,584

2,125

Other costs

14,700

15,500

14,700

14,700

3,822

Total costs in 1998 dollars as
per applicant

23,023

55,341

75,417

28,284

5,946

Total costs in 1997 dollars

22,138

53,212

72,516

27,197

5,717

Health and Safety/Quality
Assurance/Quality Control

NUREG-1613
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Table 6.3. Continued
Staff estimate

Applicant estimate

Stabilization
in place

Stabilization
on-site

Disposal
off-site

Disp osal
off-ssite

Modified
stabilization

in place

Total project costs discounted
to a present value by 0.904

20,012

48,104

65,555

24,586

5,168

Surveillance and maintenance

1,500

1,500

100

100

1,500

S21,512

S49,604

S65,655

S24,686'

6,668

305 percent

115 percent

Total discounted project
costs including surveillance
and long-term maintenance
Costs as a percent of SIP

100 percent

231 percent

31 percent

'Range resulting from uncertain waste treatment requirements of staff-estimated DOS costs is
from $23,657,000 to $34,591,000 (see Table 5.2).
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Table 6.4. Summary of benefits and costs (Millions of 1997 dollars)
Costs
Alternative
Stabilization in Place (SIP)

$22

$3-17

$5 to $18

Stabilization on Site (SOS)
Disposal off-site
(DOS)--applicant's estimate
Disposal off-site (DOS)--staffts
estimate
No action
Modified Stabilization In Place

$50

$3-17

$66

$34

$25
$0
$7

$34
$0
$3 to $17

Stabilization in Place (SIP)

$33

Stabilization on Site (SOS)
Disposal off-site
(DOS)--applicant's estimate
Disposal off-site (DOS)--staffs
estimate
No action
Modified StabilizationIn Place

$75

m

0.2 to 0.8

$5 to $18

($45) to ($32)

0.1 to 0.3

0.1 to 0.4

$35

($32)

($31)

0.5

0.5

$35
$9
$0
$0
'$5 to $18
($4) to $10
I percent discount rate
$33 to $48
$122 to $181
$0 to $15
($42) to
$33 to $48
$122 to $181
($27)

$10
$0
($2) to $11

1.4
NA
0. 4 to 2.4

1.4
NA
0. 7 to 2.6

$89 to $148

1.0 to 1.5

3.7 to 5.5

$47 to $106

0.4 to 0.6

1.6 to 2.4

($3)

$145

1.0

2.5

$245
$59
$0
$0
$122 to $181
$23 to $38
0 percent discount rate
$49 to $62
$616 to $1,158
$14 to $27
($33) to
$49 to $62
$616 to $1,158
($20)

$207
$0
$112 to $171

2.6
NA
3.3 to 4.8

6.4
NA
12.2 to 18.1

$581 to $1,123

1.4to 1.8

17.6 to 33.1

$534 to $1,076

0.6 to 0.8

7.5 to 14.1

$1,123

1.1

11.4

$1,190
$0
$605 to $1,147

3.0
NA
4.5 to 5.6

$97
$0
$33 to $48

$82

Disposal off-site (DOS)--stafls
estimate
No action
Modified StabilizationIn Place

0. 1 to 0.8

$38
$0
$10

Stabilization on Site (SOS)
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50 Years
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7 percent discount rate

$245
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$0
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$1,231
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$0
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8. GLOSSARY
Allegheny silt loams

Designated as prime farmland, on 3 to 8 percent slope with
moderate erosion hazard after disturbance.

Anthropogenic

Resulting from human activities.

Anticlinal

Inclined toward each other, as, for example, the ridge tiles on the
roof of a house.

Aquifer

A body of rock that can conduct groundwater and can yield
significant quantities of groundwater to wells and springs.

Attainment area

An area in which the air concentrations of a given pollutant are
sufficiently below the National Ambient Air Quality
Concentrations that some additional incremental releases of the
pollutant may be allowable.

Backgroundconcentration

Concentrations of chemical constituents in water or soil that are
not a result of site operations. Background concentrations for the
site are not necessarily "natural" background concentrations; they
may be affected by off-site activities.

Benchmark values

Reference points for comparing data-for example, background
concentrations (see definition above) can be used as reference
points for determining the amount of a substance that was
introduced into the soil by human activities, as opposed to
occurring naturally.

Benthic macroinvertebrates

Invertebrates that dwell in or near the bottom of a body of water.

Bioaccumulation

The process of an organism taking in a chemical, particularly a
contaminant, at a greater rate than the chemical is excreted or
metabolized. The result is an accumulation in the organism's tissue
of the contaminant.

Coal mine stabilization

The pumping of grout into the coal mine through holes drilled into
the mine voids to provide additional support and prevent
subsidence (slumping) of the overlying strata.

Contaminantmobilization

Initiation of the movement or transport of a chemical, physical,
biological, or radiological substance that has an adverse effect on
the environment.
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Cover

A multicomponent barrier to be constructed over the waste
trenches to prevent vertical infiltration of water and inhibit animal
and human intrusion into the trenches.

Curie (Ci)

The unit of radioactivity equal to 3.7 x 1010 disintegrations per
second.

Daughterproduct

A nuclide formed by the radioactive decay of another nuclide,
which is called the "parent." See radioactivedecay and
radionuclide.

Decommissioning

Removing nuclear facilities from service safely and reducing
residual radioactivity to a level that permits release of the property
for unrestricted use and termination of the NRC license. Defined in
the Code of FederalRegulations (10 CFR Pt. 40.4).

Depleted uranium

Processed uranium containing decreased levels (less than 0.7
percent) of the fissionable U-235 isotope.

Disamenity

A factor having a negative economic effect on the community.

Discountrate

An analytical tool used to compare economic costs and benefits
that occur at different points in time. In this study, it is used to'
determine the current value of costs and benefits that will occur in
the future.

Disposaloff site (DOS)

Excavation, treatment, and transport of the wastes to an off-site
facility for storage (probably Envirocare of Utah).

Down hole gamma
monitoring

Measurement of gamma radiation in groundwater and other
underground media by lowering detectors into monitoring
wells.

Enricheduranium

Processed uranium containing increased levels (greater than 0.7
percent) of the fissionable U-235 isotope.

Envirocare

A licensed radioactive and mixed waste repository located in Utah.

EnvironmentalImpact
Statement (EIS)

A detailed analysis and comparison of the potential environmental
impacts of a proposed major federal action and reasonable
alternatives for the purpose of providing as complete and accurate
information as possible to decision-makers and the public.

Environmentaljustice

As mandated by Executive Order 12898, all federal agencies must
consider the impact of proposed projects on low-income or
minority populations.
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Equilibrium

The rate of decay of a parent isotope exactly matches the rate of
decay of every daughter isotope. When this equilibrium has been
established, the concentration of the daughter isotopes remains
virtually constant. See isotope, daughterproduct, and radioactive
decay.

Exposurepathway

The avenue by which an organism is exposed to a chemical or to
radiation, such as skin contact, ingestion, and inhalation.

Farfield earthquake

An earthquake whose epicenter is greater than 100 km from a
given location.

Fugitive dust

Dust particles emitted to the atmosphere other than through a
stack, such as the dust created by the exposure of bare soil to the
movement of construction vehicles.

Gamma radiation

A continuous stream of gamma rays, which is a form of radiation
released by radionuclides that radioactively decay by releasing
high-energy particles called "photons." See radioactivedecay and
radionuclide.

Geotextile

A fabric membrane, often used in landfills.

Grout Curtain

Cement or~chemical grout pumped into bedrock voids around the
periphery ofthe trenches to limit lateral seepage of leachate.

Hydraulic conductivity

A measure of the amount of water that can flow through soil or
porous rock in a given amount of time.

Hydraulic controlborings

A series of holes drilled through the bedrock outside the grout
curtain from the waste trenches to provide a vertical conduit for
groundwater, thereby decreasing groundwater near the trenches
and reducing the potential for groundwater use by an inadvertent

Hydraulicgradient

Refers to the flow of groundwater. Groundwater flows from areas
of higher energy (or hydraulic head) to areas of lower hydraulic
head. The change in hydraulic head per unit distance is the
hydraulic gradient. Groundwater (and any contaminants moving
with it) will flow from upgradient to downgradient areas. These
terms are analogous to "upstream" and "downstream" flow of
surface water.

Infiltration

The movement of water or solutions into rock (through its fractures
or pores) or soil.
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Infrastructure

The permanent installations-such as roads, utilities, and
hospitals-required for a social system. Used broadly, it can also
refer to services such as fire and police protection.

Inmigration

Refers to people moving into an area to live, especially for work in
an industry and often as part of a larger-scale movement of
workers.

InstitutionalControls

The continuation of access control, contaminant monitoring, and
maintenance of a facility for an extended period of time.

Intergenerationalequity

A concern for fairness to future generations regarding the actions
taken by current generations. The basic premise is that the actions
of current generations should not compromise the ability of future
generations to be at least as well off as current generations.

Intermittenttributary

A tributary that flows only at certain times of the year. A stream
that does not flow continuously-for example, when losses to
evaporation exceed streamflow amounts.

Intruder

In the absence of institutional controls, an individual who may
accidentally or intentionally dig or drill into a waste disposal
facility.

Isotopes

Atoms of an element that have the same number of protons but a
different weight because of additional neutrons in the nucleus.
Isotopes of an element may have different radioactive behavior.
The atomic mass (the atom's "weight" compared with a carbon
atom) is usually designated as a superscript number to the left of
the element abbreviation (e.g., 239Pu). Used loosely, the atomic
weight is the same as the number of protons and neutrons in the
nucleus.

Leachate

A solution obtained by leaching-for example, water that has
moved through soil containing soluble substances and that contains
certain amounts of the substances in solution. See leaching.

Leaching

Washing or draining by percolation (passing through fine pores,
such as water passing through porous rock).

Loam

A soil composed of a mixture of clay, silt, sand, and organic
matter.

Loss rate

The amount of a contaminant (uranium) removed from a given
location (waste trench) in a given time period by natural processes
(leaching).

NUREG- 1613
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Mine spoil

The relatively loose soil and geologic debris remaining from
previous excavation of a mine.

Mitigation

An action taken to diminish or abate harmful consequences of an
activity. In environmental impact statements, refers to actions that
alleviate or eliminate adverse environmental impacts.

NationalAmbient Air
Quality Standards
(NAAQS)

Pollutant concentrations that are not to be exceeded in the outdoor
air to which the public has access.

NationalEnvironmental
Policy Act (NEPA)

The federal law (Public Law 91-190) requiring federal agencies to
incorporate consideration of environmental issues into their
decision-making processes; most often implemented via the
preparation of an environmental assessment (EA) or environmental
impact statement (EIS) according to specific regulations
promulgated by the President's Council on Environmental Quality
(CEQ) (40 CFR Parts 1500-1508) and the regulations of individual
agencies such as the Nuclear Regulatory Commission (10 CFR
Part 51).

Naturaluranium

Mined uranium containing up to 0.7 percent of the fissionable U235 isotope.

Nearfield earthquake

An earthquake whose epicenter is within 100 km of a given
location.

No Action

The facility would remain exactly as is, with no remediation or
institutional controls.

Nonattainmentarea

An area in which the maximum allowable air concentration of a
given pollutant has been reached, therefore additional releases of
the pollutant are not permitted.

Palustrine

Pertaining to material growing or deposited in a marsh or marshlike environment.

Partitioncoefficient (Kd)

The ratio of concentration on the solids to concentration in the
leachate for a given contaminant.

Peak groundacceleration
(PGA)

A measurement of the maximum ground motion produced at a
given location by an earthquake.

Piezometer

An instrument inserted into a monitoring well for measuring
groundwater levels.
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Potentiometricsurface

The level to which the water will rise in an aquifer. See aquifer.

Prevention of significant
deterioration(PSD)

National standard for the maximum allowable incremental
increases in concentrations of pollutants for areas in compliance
with the National Ambient Air Quality Standards.

Probablemaximum flood
(PMF)

The maximum depth that surface water would be expected to reach
at a given site in the most extreme flood scenario; usually
measured as height above sea level.

Radioactive decay

Disintegration of the nucleus of an unstable atom by spontaneous
emission of charged or high-energy particles.

Radionuclide

A radioactive atomic nuclide, which is another term for an atomic
nucleus based on the particles it contains and their characteristics.
See radioactivedecay.

Rainsborosilt-loam soils

Thick, moderately well drained soil layer on slopes of 3 to 8
percent (usually undulating to rolling stream terraces),
characterized by moderate runoff and moderate erosion hazard
after disturbance.

Receptor

The affected organism or ecosystem being evaluated to determine
the magnitude of an environmental impact.

Retardation

Sorption of pollutant particles by soil and geologic matrices as
contaminated water leaches through them.

Retardation coefficient

The ratio of groundwater flow to the movement of a groundwater
contaminant (e.g., uranium) through the underground media.

Return period

The period of time estimated to elapse between reoccurrences of
major events of similar type and intensity (i.e. earthquakes).

Riprap

A layer of large, dense, broken rock fragments placed together
irregularly to prevent erosion.

Roentgen EquivalentMan
(rem)

The dose of ionizing radiation that will cause the same effect as
one roentgen of X-ray or gamma-ray dosage (i.e., produce one
electrostatic unit of charge in one cubic centimeter of dry air at 00C
and standard atmospheric pressure).

Seismic zone

A generally large area within which seismic design requirements
for structures are constant.
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Slug test

A test performed on a well to estimate the hydraulic conductivity
of an aquifer. In a slug test, a known volume of water is added to a
well, resulting in an instantaneous increase in the water level in the
well. The time required for the water level to drop to its original
level (i.e., the recovery rate) is measured. The longer the time
required for recovery, the lower the hydraulic conductivity of the
aquifer. See hydraulic conductivity.

Slurry wall

A zone of low permeability soil, either reconstituted site soils or
soils mixed with bentonite, to be installed around the trenches
beneath the cover to control and limit lateral seepage of water into
and leachate out of the trenches.

Sorption

The chemical or physical action of soaking up or attracting
substances.

Source material

Any material, except special nuclear material, that contains
0.05 percent or more of uranium, thorium, or a combination of the
two. Defined in the Code of FederalRegulations
[10 CFR 40.4,13(a)]. See specialnuclear material.

Stabilizationin place (SIP)

A system of engineered barriers and controls installed around and
over the waste trenches.

Stabilizationon site (SOS)

Excavation of the wastes in the trenches and storage in a protective
facility constructed on site.

Steff soils

Thick, poorly to moderately drained soil layer, characterized by
slow runoff and only slight erosion.

Swale

Land surface contour constructed to divert surface runoff away
from the waste trenches.

Terrace

Material deposited by streams and then eroded by those streams
and left on the banks.

Turbidity

The state, condition, or quality of reduced clarity of a fluid because
of the presence of suspended matter.

Turnover time

The ratio of the amount of a contaminant (uranium) in a specific
location (waste trench) divided by the contaminant loss rate, i.e.,
the time required for removal of all the contaminant from the
location.

Uniform Building Code
(UBC)

A set of rules, prescriptive guidelines, or procedures for design of
buildings and other structures promulgated by the International
Conference of Building Officials (ICBO).
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Universalsoil loss equation

A model used to estimate the potential for soil erosion at a site
based on rainfall and runoff, the erodibility of the soil, the slope,
and the type of soil cover (i.e., vegetation, rock, etc.)

Unsaturatedzone

The zone between the land surface and the water table or an
aquifer.

Watershed

The area drained by, or contributing water to, a stream, river, lake,
or other body of water.

Weikert-Gilpin Association

Shallow to moderately deep, well drained soil layer lying on slopes
of 15 to 25 percent and characterized by rapid runoff, after
disturbance have a potentially high erosion hazard.

Weir

A low dam in a stream for raising the water level or divert its flow.

Wetland

A general term applied to seasonally or permanently inundated or
saturatedland areas. Wetland areas support a prevalence of
vegetation typically adapted for life in saturated soil conditions.
Weiland areas provide many benefits including flood control,
nutrient processing, groundwater recharge, and wildlife and fish
habitat.
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A.1 INTRODUCTION
The engineered barriers as proposed by the licensee would operate to reduce infiltration, lower
the water table below the level of the bottom of the trenches and otherwise inhibit the migration of
radioactive and chemical pollutants to the environment. While each of the engineered barriers
appears to be formidable, demonstrating that they can survive for the regulatory period of 1,000 yrs is
difficult. There is little long-term experience with most of the engineered barriers for periods
approaching the time frame of interest.
Among the potential failure mechanisms affecting the trench covers at the site are: (1) The roots
of deep plants penetrating the layers, and decaying into root tubes; (2) Desiccation of the upper
layers of the cover during droughts; and (3) Geotechnical slumping caused by subsidence from the
waste itself or coal mine cave-ins. Much of the effectiveness of the surface barriers could be
preserved by perpetual care of site. The licensee maintains that a substantial biointrusion barrier
consisting of large rock would effectively eliminate the possibility of vegetation on the cover.
Underground drains can fail by such mechanisms as plugging by soil particles, plant roots,
bacteria, algae, or flocs (e.g., iron hydroxide). However, groundwaters at the site appear to be low in
dissolved solids, and unlikely to lead to the development of flocs.
The planned grout curtain would be a zone up to 20 ft wide. Failure of the grout curtain might
be linked to mine cave in and subsidence, although these effects would be diminished by the planned
back filling of the coal mines under the SIP alternative. Even in the event of collapse, the depth of the
coal mine beneath the upper trenches, approximately 27 m (90 ft), the limited depth of the mined
coal, about 1-1.2 m (3-4 ft), and the generally low yield strength of the soil and rock, would be
expected to lead to only minor subsidence at the surface.
Potential failure mechanisms for the slurry walls might be: (1) chemical interaction between
bentonite and groundwater; (2) liquefaction; (3) piping assisted by the gradient between the outside
and inside of the wall; and (4) slumping of the earthen walls.
Failure mechanisms for the swale include siltation and geotechnical failure of the walls.
It is uncertain whether any of these failure mechanisms is credible at the Parks site, but the
possibility of single and multiple failures is taken into account in the safety assessments.
The licensee has analyzed the long-term survivability of each of the engineered barriers, and
determined the likely performance under conditions of single or multiple failures of the barriers.
None of the licensee's failures leads to a situation where the site would return to its unmitigated
state. The staff has assessed each of these barriers in terms of the likely impact its failure would have
on the performance of the site under the SIP alternative.

A.2 COAL MINE SUBSIDENCE
Collapse of the mine workings beneath the site would be limited because of backfilling included
as part of the SIP alternative. Even if collapse led to the creation of a more permeable pathway
directly to the coal mine, concentrations in the mine and Carnahan Run would likely be small and
delayed for many thousands of years. A rough estimate of the maximum concentration in Carnahan
Run assumes that the flux of uranium (e.g., curies per year) is equal to the surface area of the •
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trenches multiplied by their concentrations (as determined by the TWSPs) and infiltration rate.
Further assuming that: (1) all water infiltrating the site area gets into the coal mine; (2) the drainage
area for the mine is 230 acres; and (3) there is a further dilution by a factor of 10 in Carnahan Run
(ARCO/B&W 1993), the estimated concentration in the coal mine and Carnahan Run would be only
7.3 and 0.73 pCi/liter, respectively. There would be a substantial delay-much greater than 1,000
yrs-to build to this concentration because of retardation in soil and rock along the pathways from the
trenches to the coal mine. The coal mine is about 90 ft under the site, and there is no evidence of any
persistent fractures through the bedded soil and rock. Contamination of the coal mine by vertical
infiltration is of little concern regardless, because the water is not suitable for consumption. Using
the estimated dose factor of 0.2 mrem/pCi/L gives only 1.5 and 0.15 mrem/yr for doses from use of
the water from the coal mine and Carnahan Run, respectively. The assumption that all infiltrating
water and radionuclides from the trenches get into the shallow aquifer is, therefore, conservative.
Coal mine collapse would not be expected to enhance the infiltration or transport of
radionuclides to the first shallow bedrock zone, which is the nearest zone capable of supplying water
for human consumption, because the soil and weathered rock would not fracture under the relatively
small stress generated.

A.3 FAILURE OF SLURRY WALL AND GROUT CURTAIN
The licensee states that the slurry wall would be constructed of either reconstituted natural soils
or soils mixed with bentonite, and would be a low energy state unlikely to change for the foreseeable
future. The staff agrees in principle, but there is no long-term experience to back up this claim since
such structures are relatively recent innovations. Therefore, it is appropriate to analyze the
performance of the site with respect to premature failure of these barriers.
The licensee provides arguments that the failure of the major engineered barriers (cover, slurry
wall, grout curtain, swale and hydraulic control borings) one at a time, or in some cases simultaneous
failure of two, would not lead to significantly more adverse effects. Several of the barriers have
attributes redundant to the others:
A function of the cover, hydraulic control borings, grout curtain, slurry wall and swale would be
to lower the water table below the level of the trenches. It is likely that one or more failures to
the trenches would still remain above the water table. For example, should the slurry wall fail
and the ground revert to the permeabilities existing prior to installation, upgradient seepage
would be cut off and controlled by the swale. If the hydraulic control borings are in operation,
they too would lower the water table. The slurry wall, therefore, appears to be redundant to the
swale and hydraulic control borings for lowering the water table below the level of the waste.
Similarly, failure of the grout curtain, with reversion to pre-grouting conditions, would be
partially or totally compensated by the swale, hydraulic control borings, slurry wall and cover.
Simultaneous failure of both the grout curtain and the hydraulic control borings would be
partially compensated by lower infiltration through the cover and interception by the swale and
slurry wall.
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A function of the cover, grout curtain, slurry wall, hydraulic control borings and swale would be
to eliminate horizontal transport of water and radionuclides in the shallow saturated zone. By
reducing infiltration, the cover would eliminate the buildup of a horizontal hydraulic gradient in
the upper trench area. The swale and hydraulic control borings would lower the water table and
flatten the gradient by draining water from the saturated zone. The grout curtain and slurry wall
would serve as vertical low-permeability barriers to flow and transport, including possible
geochemical attenuation.

A.4 FAILURE OF COVER
Only the cover would reduce infiltration through the waste. Failure of the cover would partially
increase the infiltration and possibly increase the quantity of radionuclides released from the waste. It
would be difficult to estimate the effect of cover failure on source term for the following reasons,
however:
*

*

While infiltration might increase, the waste itself would likely remain above the water table,
with the effect of reducing the contact between water and waste. Portions of some of the waste
trenches are presently saturated.
The engineered barriers would all help to lower the water table, but this has the possible
detrimental effect of changing the geochemical regime in which the waste is presently situated
from chemically reducing to oxidizing conditions. This may be important, because the reduced
form of uranium is generally much less soluble than oxidized forms. The presence in the waste
of base metal and organic material would tend to keep the area reducing, at least until all
consumable material is oxidized. The licensee also points out that the total oxidation of organic
material would be highly unlikely during the design period (presumably 1,000 yrs) because there
is evidence for the long-term presence of coal and other organic material exposed to the
atmosphere in the vicinity.

A.5 RETARDATION
The licensee's analyses for transport deal only with the case in which most of the engineered
barriers would be operating. Their conceptual model is for one-dimensional vertical flow, assuming
equivalent porous media flow and intimate contact between the groundwater and the rock substrate,
taking credit for the considerable sorption this allows. Fracture flow is not considered explicitly.
The licensee bases the retardation scenario on batch tests with crushed rock samples, and both
oxidizing and reducing water with uranium. The carbonaceous shales have up to 3 percent carbon as
coal stringers. Carbon present in the rock could have the beneficial effect of either sorbing uranium
(Pearcy 1996) or possibly serving to reduce hexavalent uranium to the less-soluble tetravalent form.
The licensee supports the use of these data on the basis of experiences with crushed samples (Rogers
1993), and the large integranular surface area of the weathered rock and soil. Observations of a lack
of migration of uranium beyond the trenches supports the notion of a high retardation factor active at
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the site. The rusting of steel drums and other objects present in the trenches would result in iron
oxides and oxyhydroxides, which would have significant sorptive capability for the released
uranium.
Partial failure of the cover and an increase in infiltration might increase the uranium source
term, but if the other engineered barriers keep the uranium from moving horizontally in the saturated
zone, the only likely depository for the waste would be the coal mine workings below the site.

A.6 BATHTUB SCENARIO
In this scenario, a trench sealed on the sides by the slurry wall and grout curtain and on the
bottom by a low-permeability clayey shale would form a "bathtub," containing water infiltrating from
the surface following failure of the cover. This scenario is unlikely for the following reasons:
o

"
o

*

The bottom of the grout curtain stops at the top of the second aquifer zone, which should be able
to transmit all infiltration likely to pass the failed cover.
The cover is crowned over the site, which would likely lead to reduced infiltration over current
conditions.
The swale would cut off overland flow outside its perimeter, thereby reducing saturation of the
cover.
The geographical conditions presently at the site have most of the upper trenches near the
topographic and piezometric high point.

The hydraulic control borings would serve to lower the water table below current conditions,
and drain away a build-up of water caused by cover failure.
As a bounding analysis, it is assumed that the bathtub scenario could occur, and that it could
cause releases from all trenches as surface seeps at the concentration measured in the TWSPs. It is
further assumed that the site is not habitable (i.e., no wells), and overland flow from the trenches
would be collected in Dry Run, along with runoff from uncontaminated portions of the site and
groundwater. Surface runoff of uranium would be proportional to the infiltration of the site cover.
The concentration would be no greater than that calculated for Dry Run (40 pCi/L). This bounding
analysis serves to illustrate that the bath tub scenario, even if it could occur, would not pose a threat.
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Commonwealth of Pennsylvania

Pennsylvania Histoncal and Museum Commission
Buiae=im His•t sPsem von
Post Office Box 1026
Harnsburg, Pennsylvania 17108-1026

May 9,

1995

TO EXPEDITE REVIEW USE
BHP REFERENCE NUMBER
Barbara M. Vogt
Oak Ridge National Laboratory
Post Office Box 2008
Oak Ridge, Tennessee
37831
Re:

Dear Ms.

File No. ER 95-2160-005-A
NRC, Environmental Impact
Statement for Decommissioning
Shallow Land Disposal Area
Parks Twp., Armstrong Co.

Vogt:

The Bureau for Historic Preservation (the State
Historic Preservation Office) has reviewed the above named
project in accordance with Section 106 of the National
Historic Preservation Act of 1966, as amended in 1980 and
1992, and the regulations (36 CFR Part 800) of the Advisory
Council on Historic Preservation.
These requirements
include consideration of the project's potential effect upon
both historic and archaeological resources.
Based on our survey files, which include both archaeological sites and standing structures, there are no National
Register eligible or listed historic or archaeological
properties in the area of this proposed project.
Therefore,
your responsibility for consultation for this project is
complete.
Should you become aware, from any source, that
historic or archaeological properties are located at or near
the project site, please notify the Bureau for Historic
Preservation at (717) 783-8946.
Sinrly,

Kurt W. Carr, Chief
Division of Archaeology &
Protection
KC/tmw
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APPENDIX B

POSr OFFICE BOX 200o
OAK RIDGE. TENNESSEE 37831

MANAGED By MARTIN MARIETTA ENERGY SYSTEMS. INC.
FOR THE U S DEPARTMENT OF ENERGY

April 24. 1995

Noel Strattan
Review Archaeologist
Bureau of Historic Preservation
P.O. Box 1026
State Museum Building
Harrisburg, PA 17108-1026
Dear Ms. Stratan:
The Nuclear Regulatory Commission has requested the assistance of Oak Ridge National Laboratory
in preparing an Environmental Impact Statement for decommissioning the Parks Townshiv Shallow
Land Disposal Area (SLDA) in Armstrong County, PA (Lat. 40°37.5"/Long 79035'). The Parks
SLDA was an authorized site where wastes from the Apollo nuclear facilities 4.6 Ian away were
disposed in accordance with the Code of Federal Regulation. 10 CFR 20.304. There are nine
trenches and one sediment basin in two areas at the site. The site is currently stable and controlled.
No off-site migration of constituents of interest have been detected.
The Licensee has proposed stabilization of the wastes in place as the preferred remediation alternative.
The other alternatives being considered for decommissioning are:
a)

waste exhumation, thermal treatment cement stabilization, and interring waste in an
on-site concrete vault, and

b)

waste exhumation, thermal treatment. waste compaction and packaging, and transport
by road and rail to licensed off-site facility.

The in-situ stabilization of the trenches would be achieved through engineering covers, slurry walls.
grout curtains, and hydraulic control borings designed to endure the long term. As background
material we have enclosed the Executive Summary of a reference document prepared by ARCO. a
USGS map of the Parks Township SLDA. site maps, and a diagram of the proposed remediation plan
for the site (Exhibit 4.1).
As part of the agency coordination and consultalion responsibilities, in compliance with the NEPA
and Section 106 of the National Historic Preservation Act of 1966. as amended, federal agencies are
required to consider the effects of their actions on historic properties. Based on the available
information, the NRC has determined that no significant effect on historic properties will occur from
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Noel Strarton
Page 2
April 24. 1995
the license renewal. We would appreciate your written
concurrence and/or comments on our
deterniaton. Should you require additional information.
please contact me at: Oak Ridge National
Laboratory, 4500N. MS-6190. Oak Ridge. TN 37831.
Phone (615) 574-5885.
Thank you for your cooperation.
Sincerely,

Barbara M. Vogt
Energy Division
BMV:keb
Enclosure
cc:

M. Astwood .(NRC)

I.-
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Appendix C
RADIOLOGICAL ASPECTS
OF THE
PARKS SLDA
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C.1 INTRODUCTION
This appendix describes the methods used to estimate the radiological doses to a hypothetical
inadvertent intruder who occupies the Parks SLDA site after the assumed failure of institutional
control. Three factors determine future intruder doses: the initial uranium content of the trenches,
assumed exposure pathways (routes) and ingrowth of uranium progeny. Information presented in
Section 3.1.5 suggests that approximately 740 kg of uranium is disposed of in Trenches 1 through 9.
Because 234U has a very long radioactive half-life (nearly 250,000 years), and because the progeny of
234U can impart much higher radiation doses than 238U and 234U impart, this appendix describes the
mathematics of the ingrowth of uranium progeny over time. Uranium and its progeny can contribute
to radiation doses to people via several exposure pathways. The pathways that an intruder might be
exposed to depends on the radionuclides that are present, the character of the site, and the behavior
of the intruder.
Section C.2 summarizes the potential doses that naturally occurring uranium in the environment
can present through all potential pathways. Section C.2.1 describes the pathways and doses due to
uranium and its progeny as found in natural soils. Section C.2.2 explains the doses that would result
if uranium were found in soils at natural concentrations without progeny, and provides an estimate of
the average uranium concentrations that an intruder might experience if he took up residence in the
trench area.
Section C.3 uses the information presented in Section C.2, information about the Parks SLDA,
and additional information about the properties of uranium and its progeny to develop a timedependent equation for the dose to an intruder who resides on the site. Section C.3.1 develops an
equation for the ingrowth of uranium progeny as a function of time. Section C.3.2 develops a
formulation for the doses due to various pathways and combines it with the time-dependence
developed in Section C.3.1.
Section C.4 presents the potential doses to an intruder that might occupy the site in the near
future and at the end of the 1000-year performance period.

C.2 URANIUM AND ITS PROGENY
Uranium is a natural radioactive element found at varying levels in different soils. Its chemical
and radiological characteristics have been studied extensively. Summaries of some recent studies are
found in Hanlon (1991 ), FIPR (1990a), FIPR (1991 b), and NCRP (1987). Results of these and
previous studies provide the basis for the approach that will be followed in this appendix. This
section describes environmental pathways of uranium exposure to humans under conditions of
natural (i.e. nearly uniform) distribution in the soils. Section C.2.1 describes the pathways and doses
from natural uranium in equilibrium with its progeny; that is, under the normal condition in rocks and
soils that have not been exposed to chemical processes that separate the progeny from the uranium.'
The uranium emplaced in the Parks SLDA had been separated from its progeny during the mining
and milling process before it was converted into its metallic form. Section C.2.2 describes the

1

Equilibrium means that there is a constant proportion between the numbers of atoms of parents and progeny.
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pathways and doses from uranium that has been separated from its longer-lived progeny, as had been
done with the uranium emplaced in the trenches at the Parks SLDA.
Natural uranium exists mainly in three forms: 234U, 235U, and 238U. Both 235U and 23`U have long
decay chains. The progeny (i.e., members of the decay chains, also called "daughters") are
radioactive until they decay to 2 61lead ( 2"6Pb) or 2 07Pb. Because of the different decay properties of the
235U and 23
1U decay chains, the 23"U decay chain contributes the vast majority of potential dose to
humans and is the focus of presentation in this appendix.
Table C. 1 displays the 23`U decay chain and some important properties of uranium isotopes and
the uranium progeny. The short-lived decay products of 23
.U, 234Th, 234 Pa and 234 mPa are always in
23
equilibrium with 'U, except briefly after chemical treatment that removes the 234Th. Consequently,
in the remainder of the appendix, radiation that results from 234Th, 234 Pa and 234 mPa is included in the
doses reported for 231U. Table C. 1 also shows that 23 0Th and all its progeny are much shorter lived
than its parent 234U. Consequently, all progeny grow into equilibrium with 238U at about the same
time as 23°Th comes into equilibrium with 234U.

C.2.1 Dose and Dose Pathways for Uranium and Progeny
Doses to humans can be received through several ways, including the dietary pathway,
inhalation dose, and external dose. These pathways are discussed in detail in this section.
Dietary Pathways: Dietary intakes of 238U and 2 32 Th series isotopes based on dietary and
excretion studies have been compiled by Linsalata (1991). These intake values combined with dose
conversion factors (DCFs) for ingestion provide dose estimates for natural radionuclides in the food
chain. Results are given in Table C.2. The ingestion DCFs are from Eckerman et al. (1988). The total
food chain dose from uranium isotopes only (i.e., 234U & 23"U) at the typical background
concentration is estimated to be about 0.1 mrem/year while the total background food chain dose
from uranium plus decay chain isotopes ( 230Th, 226 Ra, 2 1°Pb & 2 10Po) is estimated to be about
6 mreni/year (Table C.2).
An additional dose increment, about twice the food chain dose, will come from water ingestion.
Although considerable variation is observed, the ratio of uranium soil concentration (pCi/g) to water
concentration (pCi/L) is about 2 L/g or 2000 mL/g when the water is everywhere in contact with the
soil. Thus, for the global average soil concentration of 2.3 pCi/g [FIPR (1990a); FIPR (1990b);
Hanlon (1991); Linsalata (1991); NCRP (1987)], the average water concentration is about 1.1 pCi/L.
Consumption of water at 2 L/d results in an annual intake of about 800 pCi/year. Using the dose
conversion factors for 23 8U and 2 34U from Table C.2 results in a dose of about 0.2 mrem/year: [(400
pCi 234U x 2.5 x 10' mrem/year/pCi) + (400 pCi 23U x 2.8 x 10-' mrem/year/pCi)]. Thus, assuming
that the 2 to 1 relationship that exists between the drinking water and food pathways for uranium
also holds for progeny, the drinking water dose including progeny should be about twice the food
pathway dose, i.e., about 12 mrem/year.
InhalationDose: Dose through the air is separated into two components: dose from suspended
soil containing background levels of radioisotopes, and dose from 222 RRn and short-lived daughters
resulting from 222 iRn
diffusion out of the soil. Dose estimates from suspension of soil are given in
Table C.3. The estimates are dependent on the suspension factor or the ratio of air concentrations to
soil concentrations; this ratio depends on wind-speed, soil particle size, soil cover, etc. Several
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Table C.1. Uranium series (4n + 2) a
Major radiation energies and intensities
Nuclide

Half-life b
[MeV(%)]

238
92 U

4.51 x 109 y

I

4.15
4.20

0.103
0.193

(21)
(79)

0.0 6 3 c d

1.17 m

2.29

(98)

0.765
1.001

(0.30)
(0.60)

6.75 h

0.53

(66)

(13)

0.100
0.70
0.90

(50)

1.13

m

91Pa
99.87% /

[MeV(%)]

(25)
(75)

24.1 d
234

[MeV(%)]

0.093c

d

(3.5)
(4)

1 0.o13%

4

I
234.,
91P-a
vt

92U

2.47 x 105 y

4.72
4.77

(28)
(72)

0.053

(0.2)

8.0 x 104 y

4.62
4.68

(24)
(76)

0.068
0.142

(0.6)
(0.07)

1602 y

4.60
4.78

(6)
(95)

0.186

(4)

3.823 d

5.49

(100)

0.510

(0.07)

3.05 m

6.00

(-100)

0.295
0.392

(19)
(36)

4
1
2226n

(24)
(70)

218
841O

99.98%

"

82

4
4

Pb

4
4

(-0.019)

0.65
0.71
0.98

(50)
(40)
(6)

s- 0.02%

4
214

0.33

218

2At

5

2

26.8 m

-2s

6.65

(6)

6.70

(94)

C-5

(-0.1)
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Table C.1. (continued)
Major radiation energies and intensities c
Nuclide
214

83 Bi

99.98% /

19.7 m
N 0.02%

4

a

P

y

[MeV(%)]

[MeV(%)]

[MeV(%)I

Half-life b

5.45

(0.012)

1.0

(23)

0.609

(47)

5.51

(0.008)

1.51
3.26

(40)
(19)

1.120
1.764

(17)
(17)

7.69

(100)

0.799

(0.014)

0.296
0.795
1.31
0.047

(80)
(100)
(21)
(4)

1
164 ,us

214p

~210T

•,

4
81 -T

210D

S2 pb

1.3 m

21 y

3.72

(0.000002)

.
21083
-100%

a'

N

4.65
4.69

(0.00007)
(0.00005)

138.4 d

5.30
5

(100)

4.19 m

-

(25)
(56)
(19)
(85)

0.061

(15)

1.161

(-100)

-

0.00013

21o
0L
841'o5
0
28
°T1

206
82 Pb

5.01 d

1.3
1.9
2.3
0.016

-

1.571

0.803

(0.0011)

(100)

Stable

a This expression describes the mass number of any member in this series, where n is an integer. For example,
206
,2 Pb (4n + 2) ...... 4(51) + 2 = 206
b d = day, h = hour, m = minute, s = second, us = microsecond, y = year.

c Intensites refer to percentage of disintegrations of the nuclide itself, not to original parent of series.
d Complex energy peak that would be incompletely resolved by instruments of moderately low resolving power such
as scintillators.
Source: Modified from U.S. Department of Health, Education, and Welfare, Public Health Service, Radiological
Health Handbook, rev. ed., Jan. 1970, p. 112.
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Table C.2. Range of dietary intake and effective dose equivalents for natural series
radionuclides in normal background areas around the world

Nuclide
U-238

Annual effective
dose equivalent
(mrem/year)

Intake rangea
(pCi/d)

Mean + SEW
(pCi/d)

Ingestion dose
conversion factorb
(mrem/pCi)

0.3-1.6

0.5±0.1

2.5 E-04

0.046

0.5±0.1

2.8 E-04

0.05

U-234
Th-230

0.16-0.22

0.19±0.03

5.5 E-04

0.04

Ra-226

0.59-3.78

1.5+0.2

1.3 E-03

0.7

Pb-210

1.2-6.21

1.9±0.3

5.36 E-03

3.72

Po-210

1.3-4.05

2.3±0.8

1.9 E-03

1.59
6.15

Total
"From Linsalata (FIPR 1991). SEM is standard error of the mean.
hFrom Eckerman et al. (1988).

Table C.3. Dose from inhalation of suspended soil containing 2.3 pCi/g natural
uranium in equilibrium with daughters
Dose conversion
factor a
(rem/microcurie)

EDE from
I year intake
(mrem/year)

Air concentration
microcurie/m 3

Annual intake
(microcurie)

U-238

1.13 E-10

9.8 E-07

118

0.12

U-235

4.5 E-12

3.9 E-08

123

4.5 E-3

U-234

1.13 E-10

9.8 E-07

132

0.13

Th-230

1.13 E-10

9.8 E-07

326

0.31

Ra-226

1.13 E-10

9.8 E-07

8.6

9.0 E-03

Po-210

1.13 E-10

9.8 E-07

9.4

0.01

Pb-210

1.13 E-10

9.8 E-07

13.6

0.013

Isotope

Total

0.6

'From Eckerman et al. (1988).
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studies (e.g., Sears et al. 1975) have estimated values for arid climates; uranium tailings piles in the
arid western states serve as a good surrogate for the study of suspended progeny. For studies of
uranium mill tailings piles in Wyoming and New Mexico, the ratios of measured air concentrations
to concentrations in tailings piles were on the order of 10`0 to 10-12 pCi/mL air/pCi/g tailings for
areas near tailings piles. The staff used the larger value, 10`0 pCi/mL/pCi/g, a very conservative
estimate given the high soil moisture content and vegetation cover of the Parks area. Suspension of
soil could, of course, be much higher for construction or other activities which involve handling the
soils (see Section 4). The total dose for suspended radionuclides based on factors in Table C.3 is
about 0.6 mrem primarily due to 238U, 234U and 23 0Th because they have higher inhalation DCFs than
other isotopes.
The highest dose from background radionuclides is from 222Ra and its short-lived daughters. It is
estimated to average about 200 mrem/year in indoor environments and about 20 mrem/year for a
person spending 100 percent of time outdoors (NCRP 1987). Annual average effective dose
equivalents for man-made and natural radiation sources are given in Table C.4.
ExternalDose: The remaining component of the background dose is due to external radiation
from U decay isotopes. Dose coefficients for external exposure to radionuclides in air, water, and soil
have been developed by Eckerman and Ryman (1993), are documented in Federal Guidance Report
No. 12 (EPA 1993), and summarized in Table C.5. The short-lived radon daughters 214 Bi and 214 Pb
are major contributors to external dose in the 238U decay chain provided they are at equilibrium
with 226Ra in the soil. The assumption of equilibrium concentrations for 214 Bi and
concentrations
214 Pb is
reasonable because, as their parent 222Rn diffuses from the upper I m of soil, it is replaced by
radon from deeper in the soil, some of which decays before reaching the soil surface.
Summary ofDose Pathways: The total dose associated with background concentrations of 231U
and it's progeny is about 230 mrem/year including the NCRP (1987) indoor radon estimate, or about
50 mrem/year for persons who spend no time indoors. About 6 mrem/year is due to food intake and
about 12 mrem/year is due to drinking water intake. About 0.6 mrem/year is due to inhalation of
suspended particles containing uranium and thorium, and about 200 mrem/year is due to inhalation of
radon and its daughters in indoor environments or about 20 mrem/year for persons who spend no
time indoors (Table C.6). Finally, exposures due to external radiation accounts for about
15.5 mrem/year if uranium and daughters are uniformly distributed in the soil surface.
Each of the above estimates is related to the global-average soil uranium concentration,
2.3 pCi/g (0.9 Bq/g). Where uranium concentrations are larger or smaller, the doses would be
proportionately larger or smaller. In subsequent sections, the relationships between the doses
reported above and average uranium concentrations are used to estimate doses for situations where
uranium concentrations in soil are higher.
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Table C.4. Annual average total effective dose equivalent from
man-made and natural radiation sources (mrem/year)a
Man-made

Diagnostic x-rays

39

Nuclear medicine

14
7

Other

60

Subtotal
Natural

200

Inhaled radon

27

Cosmic radiation

1

Cosmogenic

28

Terrestrial radiation
In the body
Pb-2 10, Po-210

15

K-40

19

Ra-226

1

All others

4

Subtotal

295
360

Rounded total
'From NCRP Report No. 91 (1987).
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Table C.5. Dose from external radiation from soil containing 2.3 pCi/g
natural uranium in equilibrium with daughters
External dose coefficient
(mrem/year/microcurie/g)a
Isotope

Plow layer

Soil
concentration
(microcurie/g)

Infinite

Annual EDE
(mrem/year)
Plow layer

Infinite

U-238

103

103

1.13 E-06

1.16 E-04

1.16 E-04

Th-234

2.4 E+04

2.4 E+04

1.13 E-06

0.03

0.03

Pa-234 2

1.0 E+07

1.1 E+07

1.13 E-09

1.13 E-02

1.24 E-02

Pa-234m

7.8 E+04

8.9 E+04

1.13 E-06

0.09

0.10

U-234

400

400

1.13 E-06

4.5 E-04

4.5 E-04

Th-230

1.2 E+03

1.2 E+03

1.13 E-06

1.3 E-03

1.3 E-03

Ra-226

3.1 E+04

3.2 E+04

1.13 E-06

0.03

0.03

Bi-214

8.1 E+06

1.2 E+07

1.13 E-06

9.1

13.5

Pb-214

1.25 E+06

1.56 E+06

1.13 E-06

1.4

1.75

Pb-210

2.4 E+03

2.4 E+03

1.13 E-06

2.7 E-03

2.7 E-03

Po-210

46

52

1.13 E-06

5.2 E-05

5.9 E-05

=10.7

=15.5

Total
'From Eckerman and Ryman (1993).

C.2.2 Dose and Dose Pathways for Uranium without Progeny
As noted above, the uranium emplaced in Parks SLDA does not include equilibrium quantities
of progeny. To support estimates of doses for intruders who live near the uranium bearing wastes in
the Parks SLDA before the progeny grow in, this section summarizes the doses that would result if
the progeny discussed in Section C.2.1 were not present.
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Table C.6. Total effective dose equivalent summed over all pathways for
background concentrations of U-238 decay series isotopes
Annual effective dose equivalent
(mrem/year)

Isotope
23 8

0.3 8a

U

234U

0.28

230
226

Th

0.4

Ra

0.9

222Rn
2 22

+ daughters (total)

21 0 b
30b

Rn + daughters (outdoors)

2I°pb

11.3

21°po

4.8

23 5

U +

daughters <1% of total U

negligible

'The external dose from 231U includes external doses from 4Th, 234pa, and 234pae at
equilibrium with

23
1U.

'Includes about 10 mrem/year due to external dose from 2I 4Bi and

24

1 pb to plow layer
depth for background conditions (see Table C.4). External doses to an infinite soil depth
would be about 5 mrem/year higher.

The doses due to uranium without progeny 2 at an average soil concentration of 2.3 pCi/g
(0.9 Bq/g) are summarized on Table C.7. The food chain dose is reduced to 0.1 mrem/year. The
drinking water pathway dose is reduced to 0.2 mrem/year The particulate suspension dose from
uranium only is 0.25 mrem/year. The external dose is reduced to 0.13 mrem/year. The dose from
radon is essentially non-existent. Consequently, the total dose excluding uranium progeny is about
0.68 mrem/year.
3
The average concentration in the actual wastes that comprise an estimated volume of 500 m
(17,640 f) (1 x l09 g for 2 x 106 g/m3 waste density) and a total inventory of 4 Ci (Section 3.1.5) is
about 4000 pCi/g (150 Bq/g). The contents of the trenches at the Parks SLDA are of course not
uniformly contaminated at 4000 pCi/g (150 Bq/g). A more likely, but still conservative, estimate of
concentration encountered by an individual living in the trench area in the future would be the
concentration averaged over the total trench volume or about 200 pCi/g (7.4 Bq/g). This estimate

noted above the short-lived progeny of U-238; Th-234, Pa-234m and Pa-234, are included in the uranium-withoutprogeny dose because they are essentially always in equilibrium with U-238.
2As

C-11I

NUREG- 1613

APPENDIX C

I

I

Table C.7. Pathway effective dose equivalents for uranium and progeny for a reference
background soil uranium concentration of 2.3 pCi/g.
Effective dose equivalent (mrem/year)
Pathway

Uranium only'

Progeny only'

Food Chain

0.1

6.05

Drinking water

0.2c

12c

Particulate suspension

0.25

0.3

External

0.13

11d

--

200

0.68

230

Radon progeny inhalation
All pathways
') Total U-238 and U-234
bl Progeny are in secular equilibrium with uranium.

'eDrinking water dose for each isotope is expected to be about twice the food chain dose for reference background
conditions (Table C.1). There may be considerable variation from site to site.
ci Primarily external gamma from Bi-214, Pb-214 and Pa-234m. Dose conversion factors used were for plow layer
depth (Table C.4).

uses the surface area of the upper trenches, about 3,200 m2 (34,400 ft2), and the average depth of the
trenches, 4 m (13 ft) [excluding the 1.2 m (4 ft) of cover soil that has been put over the trenches], to
estimate the volume of the trench area [12,800 m3 (16,640 yd3 )]. This volume would dilute the
uranium bearing wastes by more than a factor of approximately 25. To maintain a conservative
estimate, the staff used a dilution factor of 20 rather than 25, and assumed that 1.2 m (4 ft) of fill on
top of the trenches would not dilute the buried wastes. Construction of a residence at locations other
than in the trenches would, of course, lead to much lower doses. Thus, the staff consider 200 pCi/g as
a conservative estimate of the concentration of uranium around an intruder if he established a
residence in the upper trench area.

C.3 RADIATION DOSES TO HUMANS AT THE PARKS SLDA
The preceding section demonstrated that the doses due to uranium itself (about 0.68 mrem/year)
are relatively small compared to the doses induced by uranium progeny (about 230 mrem/year).
Consequently, in order to understand potential doses to an intruder at Parks SLDA any time in the
future, it is necessary to understand how the doses from uranium progeny increase with time. This
section describes how the staff estimated the potential doses to a hypothetical intruder at the Parks
SLDA.
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At any time in the future, the total dose, TD(t), can be written as:
(C.1)

TD(t) = UD + PD(t)

where, UD is the dose due to U-238 and U-234 which is a function of the quantity (kg) of uranium
present, and PD(t) is the dose due to uranium progeny. Alternatively, equation C. 1 can be rewritten
in the form:
(C.2)

TD(t) = UD(l + PD(t)/UD)

For the uranium wastes in the Parks SLDA, TD = UD (Equation C.2) when the waste was first
emplaced because there were no progeny present. At a time in the distant future when the progeny
are in equilibrium with the parent (about 187,000 years after the present) TD/UD will have the value
of about 340 (1 + 230/0.68) if the hypothetical intruder is exposed to radiation by all pathways listed
on Table C.6. In the more general case where an intruder is not exposed to all pathways, Equation
C.2 can be written as:

PD(t) _
UD

X

PDei f(t)
E UDj

(C.3)

where, "i" is a dose pathway, PDei is the progeny dose by pathway i at equilibrium, the uranium dose
is UD1 , and fi(t) is fraction of the maximum dose from pathway i as a function of time. Because all
progeny do not develop at the same rate and because some pathways may become accessible to an
intruder more slowly than others, f(t) is likely to be somewhat different for different pathways.
However to simplify estimates of future doses, the staff made the conservative assumption that all
accessible pathways become available at the same rate as the daughters approach equilibrium [i.e.,
f(t) is the same for all pathways]. Consequently, equation C.3 can be rewritten as:
PD(t) _
UD

(C.4)

PDe.
DUDi

where f(t) alone depends on time. The derivation of f(t) is described in Section C.3. 1. Section C.3.2
-describes the ratios
Z PDei

UDj
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for three combinations of pathways that correspond to different assumptions about future pathways
and presents the potential doses to a hypothetical intruder who takes up residence over the trenches
1000 years in the future."3

3

N10 e-lt

C.3.1 Ingrowth of the Uranium Progeny as a Function of Time

I

This section describes the derivation of f(t) as used in equation C.4. Because 23
.Th is the initial
daughter of 234U, and its half-life is much greater than its progeny, its rate of ingrowth determines the
rate at which all other progeny come into equilibrium with the parent uranium 3. An expression for the
amount of 23°Th (and progeny) as a function of time, t (in years), may be obtained from standard
radiological decay dynamics. Decay of a radioactive parent (N, atoms of parent material) at a decay
rate X• into a radioactive progeny (N 2 atoms of progeny material) which decays at a rate X2, leads to
the following expression for the number of progeny atoms as a function of time.

3

N2

Al N10 (e 4lt
AN
2 -1\3

-

e-A2t ) +

N 20 e -t

(C.5)

where N10 is the number of parent atoms initially present and N20 is the number of progeny atoms
initially present.
In the case of the uranium in the Parks SLDA, most of the activity for an average enrichment of
15 percent is from 234U (half life 2.44x 10l years, X, = 2.84x10-6/year), all of which decays to 230Th
(half life 7.7x 104 years, X2 = 9x 10- 6/year). The amount of excess 230Th (and other progeny) initially
present in the SLDA wastes is near zero (i.e., N20 = 0) because they were removed during uranium
mining and milling.
As indicated above, the amount of 230Th and progeny as a fraction of equilibrium is needed.
Equilibrium will occur when the rate of production from a parent (,XNt) is equal to the rate of decay
of the progeny (A2N2). The amount of N, as a function of time is given by

Therefore, at equilibrium,

(0.6)

A2 N 2 (equil.) = A N1 0 e-lt

3

Because of the relatively short half-life of the Th-230 progeny as compared with the half-life of Th-230, when Th-230
is in equilibrium with its parent, U-234, Equation C.5 remains relatively simple.
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Combining the expressions for N2 and N2 (,Ui,.) above and recalling that N2 0 = 0, the fraction of
progeny present as a function of time, the parameter f(t) in Equation C.4, is:

f(t) = N 2(t 1 N 2(equi.)

A2

A2

-

(C.7)

e

-

X1

Inserting the values of A1 and A2 for 234U and

2 30

Th yields the relationship:

f(t) = NTh_230(t)INTh-230(equi.) = 1.46 (1- e -6.17xl°-6t)

(C.8)

This relationship is valid from time t=-O to the time that equilibrium is reached at approximately t =
187,000 year4 . After equilibrium, of course,f(t) is equal to 1.0. At the end of a 1000-year
performance period,f(t) is equal to approximately 0.009. At 10,000 years after the present,f(t) is
equal to approximately 0.087. At 100,000 years after the present,f(t) is equal to approximately 0.67.
C.3.2 Pathway-Specific Doses
With equation C.8, Equation C. I can be rewritten as

TD(t)

=

, UD, + E PDe, x 1.46 (1- e-6'17x°-6t)

(C.9)

Values for YPD,, and EUD, can be calculated for the appropriate combinations of pathways from the
parameters Table C.6 and knowledge of the initial uranium concentration. Table C.6 is based on an
average soil uranium concentration of 2.3 pCi/g. Using the values in Table C.6, Equation C.9 takes
the form:

TD(t) = 0.68 + 230 x (1 -e-617x1°-6t)

(mremlyear)

(C.10)

As discussed in C.2.2, the staff estimates that an intruder residing in the trench area would see an
average soil uranium concentration of about 200 pCi/g, about 87 times the average background soil
uranium concentration. Multiplying the doses in Table C.6 by 87 gives estimates of PDe, and UD, for
an intruder living in the trench area. Thus, if all pathways were available to an intruder and the initial
uranium activity level were 200 pCi/g, equation C.9 would be rewritten as

4

The estimate of the time to equilibrium is only as good as the measurement of radioactive half-lives ofU-234 and Th230. Using data from the 1992 edition of the Health Physics and Radiological Health Handbook, the estimated time to
equilibrium, using the assumptions leading to Eq. C.5 and carrying four significant figures is 187,400 years.
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TD(t) = 59+20,000 x 1.46 (1 -e-617xi°-6t) (mremlyear)

(C.11)

For reasons discussed in Appendix E and Section 4.2.5, the staff does not believe that uranium will
leach into groundwater where it would be available for the drinking water pathway until long after
the 1,000-year performance period. Without the drinking water pathway, Equation C.9 becomes:

TD(t) = 42+19,000 x 1.46 (1 -e-6.17x10-6t) (mremlyear)

(C.12)

For reasons stated in NRC's final rule that established radiological criteria for decommissioning
(NRC 1997) radon is not to be used to establish compliance with decommissioning criteria. If both
the drinking water and radon pathways are unavailable to an intruder, Equation C.9 becomes

TD(t) = 42+1,570 x 1.46 (1 -e-6.17x°-16t) (mremlyear)

(C.13)

Intruder doses at various future times can be calculated for other exposure pathway scenarios by
using Equation C.9, Table C.6, and the ratio of average soil uranium concentration to 2.3 pCi/g.

C.4 INTRUDER DOSES FOR DECOMMISSIONING PARKS SLDA
The staff has calculated intruder doses for the end of the 1,000-year performance period excluding
the drinking water pathway for the reasons discussed in Section 3 and Appendix E, and excluding the
radon pathwayfor the reasons stated in SECY-96-046A (May 21, 1997). Because the uranium in the
trenches is essentially immobile the estimated doses for both the no action and SIP alternatives are
the same. An intruder who takes up residence in the trench area is calculated to be exposed to a dose
of about 42 mrem/year if he occupied the site in the near future. If the intruder occupied the site 1000
years in the future, his dose would be about 55 mrem/year. Of course, as discussed in Section C.3
progeny concentrations and doses increase as time passes until the progeny come into equilibrium
with the parent uranium.
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APPENDIX D

POW OFFICE BOX 2006
OAK RIDGE. TENNESSEE 37821-6036

MANAGED SY LOCKHEED MARTINENERGY SYSTEMS.
FOR THE U.S. DEPARTMENT OF ENERGY

NC.

Manh, S. Solk
Eravonmenlia Sciens Olls0o10
Telephone: 4231574-7315
TeIajx: 42"M576-6543
INTERNET; nmqOORNL.GOV

October 17, 1995
Carol Copeyon
USFWS
315 South Allen Street
Suite 322
State College, PA 16801
Dear Carol Copeyon:
Re: Informal Section 7 consultation for proposed decommissioning of Parks Shallow
Land Disposal Area in Parks Township, Armstrong County, PA
The NRC has received a proposal from Babcock and Wilcox (B&W), the licensee of the Parks
Shallow Land Disposal Area (SLDA) located in Parks Township, Armstrong County,
Pennsylvania to decommission the SLDA by stabilization of the waste on site in the trenches
where it is currently located. The NRC is preparing an Environmental Impact Statement (EIS)
on the proposed decommissioning action in accordance with the National Environmental
Policy Act (NEPA) and the NRC's regulations implementing NEPA. In order to coordinate
NEPA implementation with that required by Section 7 of the Endangered Species Act (ESA),
this letter requests information for informal Section 7 consultation.
The SLDA is currently undergoing characterization in preparation for decommissioning
because the industrial source of the wastes buried in the SLDA has ceased operations. The
site has not been used for waste disposal since 1970. Based on available records, the
wastes buried in the SLDA trenches consist of process wastes. scrap, and trash. The
radioactive materials in the SLDA trenches include natural, enriched, and depleted uranium
and lesser quantities of thonum.
The Parks SLDA is located near Leeohburg in Armstrong County, Pennsylvania.
approximately 37 km (23 miles) east-northeast of Pittsburgh on a hillside near the
Kiskiminetas River. (See Figure 1.) The SLDA consists of ten waste disposal trenches
comprising a total area of approximately 0.5 ha (1.2 acres) surrounded by a 16-ha (40-acre)
fenced buffer area within a 45.5-ha (114-acre) area owned by B&W. The 16-ha (40-acre)
fenced area consists principally of open field, with a wooded strip running along most of the
northern boundary. A small intermittent stream on the north side of the site collects surface
runoff from the site and several groundwater seeps along the hillside. The enclosed figures
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show the general features of the site (Figure 2) and the probable locations of waste materials
on the site (Figure 3).
Land use in the vicinity of the site is a mix of agriculture and industry. In the immediate area
there are scattered existing and newly developing residential areas and some idle farm and
timber land. Vacant land owned by B&W bounds the fenced site on the northeast, and two
wooded privately owned parcels adjoin the site on the southeast.
The action proposed by the licensee is the stabilization in place of the radioactive wastes
contained in the trenches using an engineered cover and a system of hydrologic barriers and
controls surrounding the trench areas to provide groundwater protection. Alternatives to be
analyzed in the EIS include the same stabilization in place but with the addition of coal mine
stabilization: excavation, treatment, and then stabilization of the wastes on site in a newly
constructed disposal cell; excavation, treatment, and then shipment of the wastes to off-site
facilities licensed for disposal: and no action. The no action alternative is not a viable
alternative because it does not meet the NRC's requirements for decommissioning; it Is
analyzed simply to provide a baseline for comparison with the other alternatives.
In an Environmental Assessment (EA) prepared in September 1993 for a license renewal
application, the following listed species where identified whose range includes the Parks
SLDA: sloe or Allegheny plum (Prunus ailegheniensis), southern bald eagle (Haliaeetus
teucocephalus leucocephalus), Amencan peregrine falcon (Falco peregnnus anatum),
Kirkland's warbler (Dendroicakirklandi), and the Indiana bat (Myotis sodalis). Because of the
development in the area and the past use of the site, the EA concluded that it was highly
unlikely that any of those species were present on the site.
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Please let me know of any information on listed and proposed threatened and endangered
species, status review (i.e.. candidate) species, proposed and designated critical habitats.
wetlands, or cumulative effects which might affect our assessment. Thank you for your help.
If you have any questions, please feel free to call me at 423-574-7315.

3

Sincerely,

Martha S. Salk. Ph.D.
Research Staff
Enclosures
cc:

H. M. Astwood
J. A. Dickerman
J. T. Ensminger
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United States Department of the Interior
FISH AND WILDLIFE SERVICE
Suite 322
315 South Allen Street
State College, Pennsylvania 16801
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October 24, 1995

Martha S. Salk, Ph.D.
Oak Ridge National Laboratory
P.O. Box 2008
Oak Ridge, TN 37831-6036
Dear Dr. Salk:
This responds to your letter of October 17, 1995 requesting information about federally
listed and oroposed endangered and threatened species within the area affected by the
proposed decommissioning of Parks Shallow Land Disposal Area in Parks Township,
Armstrong County, Pennsylvania. The following comments are provided pursuant to the
Endangered Species Act of 1973 (87-Stat. 884, as amended; 16 U.S.C. 1531 at seq.) to
ensure the protection of endangered and threatened species.
Except for occasional transient species, no federally listed, proposed, or candidate species
under our jurisdiction are known to exist in the project impact area. Therefore, no
Biological Assessment or further Section 7 consultation under the Endangered Species Act
is required with the Fish and Wildlife Service. Should project plans change, or if additional
information on listed or proposed species becomes available, this determination may be
reconsidered. A compilation of federally listed species in Pennsylvania is enclosed for your
information.
This response relates only to endangered or threatened species under our jurisdiction based
on an office review of the proposed project's location. No field inspection of the project
area has been conducted by this office. Consequently, this letter is not to be construed as
addressing other Service concerns under the Fish and Wildlife Coordination Act or other
legislation.
Requests for information regarding State-listed endangered or threatened species should be
directed to the Pennsylvania Game Commission (birds and mammals), the Pennsylvania Fish
and Boat Commission (fish, reptiles, amphibians and aquatic invertebrates), and the
Pennsylvania Department of Conservation and Natural Resources (plants).
Please contact Carole Copeyon of my staff at 814-234-4090 if you have any questions or
require further assistance regarding endangered or threatened species.
Sincerely,

Charles J. Kufp
Supervisor
Enclosure
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PENNSYLVANIA NATURAL DIVERSITY INVENTORY
REVIEW RESPONSE

REQUESTER:

Mr. Gerald K. Eddlemon
Oak Ridge National Laboratory
Environmental Sciences Division
PO Box 2008
Oak Ridge, TN 37831-6036
Shallow Land Disposal Area, Parks Township, Armstrong County

PROJECT:

REFERENCE NO: 004285
QUADRANGLE:

Leechburg and Vandergnft

In response to your request of March 20, 1996 an area was reviewed for the presence of natural
resources of special concern using the Pennsylvania Natural Diversity Inventory (PNDI) information
system. We do not pnticipate any impact on rare, threatened or endangered species at this location.
________________________6-19-96

Ed Dix, PNDI Staff

Date

PNDI is a site specific information system which describes significant natural resources of
Pennsylvania. This system includes data descriptive of plant and animal species of special concern,
exemplary natural communities and unique geological features. PNDI is a cooperative project of the
Department of Conservation and Natural Resources, The Nature Conservancy and the Western
Pennsylvania Conservancy. This response represents the most up-to-date summary of the PNDI data
files. However, an absence of recorded information does not necessarily imply actual conditions
on-site. A field survey of any site may reveal previously unreported populations. PNDI is partially
funded through contributions to the Wild Resource Conservation Fund.
Be advised that legal authority for Pennsylvania's biological resources resides with three
administrative agencies. The enclosure titled PNDI Management Agencies outlines which species
groups are managed by these agencies. If you have questions concerning this response or the PNDI
system, please contact our office at 717/787-3444 or write:
DCNR - Bureau of Forestry - PNDI

P.O. Box 8552
Harrisburg, PA 17105-8552
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COMMONWEALTH OF PENNSYLVANIA
PENNSYLVANIA FISH & BOAT COMMISSION

Divison oFisberis Manament

IN MMY RM TO

450 Robinson Lane
Belefonte. PA 16823-9620
(814) 359-5110

PNDI# 1432 & 1433
June 17, 1996

OAK RIDGE NATIONAL LABORATORY

Gerald K. Eddlemon
P.O. Box 2008
Oak Ridge, TN 37831-6036
Dear Mr. Eddlemon:
RE:

Environmental Assessment

Disposal Area
Parks Township, Armstmng County, Pennsylvania
I have examined the map accompanying your recent correspondence which shows the
location for the proposed above refernced project.
Presently, none of the fishes, amphibians or reptiles we list as endangered or
threatened are known to occur at or in the immediate vicinity of this study area.
To allow fster processing of PNDI reviews in the future, we are requesting that the
attached form be completed and returned to this ofr=e together with other relevant project
information. Please make copies of this form and use them whenever the need arises.
Please note that the PFBC conducts PNDI reviews only for reptiles, amphibians, fishes,
and aquatic invertebrates. Reviews concerning other natural resources must be submitted
to other appropriate agencies. Thank you in advance for your cooperation.
Sincerely,

Andrew L Shiels
Nongame and Endangered Species Unit
GR/csk
Encl. (1)
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Appendix E
LONG-TERM DOSE ASSESSMENT
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This sensitivity analysis calculates the concentrations in a hypothetical on-site well used by a
small group of people who have chosen to inhabit the site within the boundaries of the study area and
draw water from a shallow well. The objective of this bounding, worst-case analysis is to determine
the concentration in the well 1,000 yrs in the future under unremediated conditions, or assuming total
failure of the engineered barriers.
The analyses make the following assumptions:
"
*
*

*

*

*

Water for the well comes only from the first shallow bedrock zone, which is treated as a
homogeneous medium.
A well drilled into the first (upper) shallow bedrock unit can supply the needs of a few people.
Uranium and other contaminants leach from the trenches at a rate determined by the trench area,
the infiltration rate, and the concentration measured by the temporary well sampling points
(TWSP's). All released uranium ends up in the aquifer supplying the well, but arrival time is
delayed because of retardation in the soil and the weathered bedrock.
The flow of groundwater in the aquifer is at steady state, and is determined only by the ambient
groundwater velocity and the pumping rate of the well (potential flow in a uniform twodimensional region);
The transport of uranium and chemical contaminants in the first shallow aquifer is determined
by the pore velocity of the water and a retardation coefficient (different from the retardation in
the soil and weathered bedrock). Radioactive decay and the in-growth of progeny are ignored
(Appendix C).
The user's well can be anywhere in the study area, except within a trench. Any off-site
contamination of wells would be unlikely, because all groundwater flow from the site is
expected to be intercepted by either Dry Run as surface or subsurface flow, or by deeper waterbearing zones. All groundwater and surface water flowing in Dry Run would enter the mine fill
near Trench 10, and either proceed to the mine workings beneath the site, or continue directly to
the Kiskiminetas River. Water entering the coal mine would eventually flow out again through
seeps to Carnahan Run and elsewhere, and eventually to the Kiskiminetas River. Concentrations
in any well beyond the study area or in units below the coal mine could not be greater than the
concentration in the coal mine, which would be very small. Concentrations would be smaller
still in the surface water because of additional dilution. A block diagram of the overall model is
given in Figure E.1.
The domain of the analysis is defined by fixed and uncertain parameters:

*

Fixed parameters (mostly measured and geographical):
Boundaries of the study area
Location of the trenches
Concentrations measured in TWSP's
A time of 1,000 yrs after present (or assumed total failure of all engineered barriers)'

'Assumed here for calculation of worst-case analysis only. The staff does not believe total failure of all engineered
barriers is credible.
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Figure E.1. Current condition potential migration pathways.
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Uncertain parameters:
The location of the well-The well can be anywhere in the study area right of the assumed
groundwater divide to the right of Trench 10, except directly in a trench. The staff assumed
that the users would notice unusual conditions should they place the well directly in a
trench. The range of well locations is specified by distance x and y over a space grid around
the site. Flow direction is specified by ambient direction from horizontal.
The pumping flowrate of the well-The well supplies domestic water only to a small group
of people. Only small wells would be supported in the first shallow bedrock zone, because
of its generally low permeability (geometric mean k = 1.15 x 1 - cm/s) could supply only
small amounts of water (ARCO 1966a). The aquifer in general would not be adequate for
domestic or farm use except perhaps for low-yield dug wells. The flow rate is designated as
q ft/yr.
The effective thickness of the aquifer zone-The effective thickness is estimated from the
measured thickness of the weathered aquifer zone of 5-50 ft and effective porosity of
10 percent (ARCO 1996).
The pore velocity and direction of the ambient groundwater flow-The pore velocity is
estimated from the measured gradient in the weathered aquifer zone and ranges of
permeability and porosity (ARCO 1996).
The infiltration rate-The infiltration rate is estimated from ranges of rainfall and saturated
hydraulic conductivities for soil.
The retardation factor for uranium in the groundwater-The licensee has estimated ranges
of sorption coefficients in the soil and rock. Expected coefficients are discussed further in
Section 3.5. The staff considered three cases of retardation in.the unremediated repository:
(1) Retardation in soil, weathered rock and the first shallow bedrock zone for the vertical
flow from the trenches to the aquifer, and a different, lower range for flow in the aquifer itself from
consideration of the generally lower sorption in fracture flow;
(2) No retardation in soil-Since some of the trenches may be founded directly on rock, the
staff also evaluated cases for no retardation in soil; and
(3) No retardation in soil or weathered rock-As a worst-case assumption to account for
possible fracture flow pathways, 2 the staff further assumed that there would be no retardation through
either the soil or the weathered rock above the first shallow bedrock zone. The ranges of the
uncertain parameters are given in Table E. 1.
Uranium leaving the trenches is assumed to appear at the aquifer level after a delay time (,&t)
determined by infiltration (I) and retardation (Rd) in the soil and weathered rock:

2

The staff has no direct evidence to suggest that fracture pathways through the weathered rock exist. Case 3 is a
bounding analysis only.
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Table E.1. Uncertain parameters
Range

Distribution

x-well, ft

70-1060

Uniform

y-well, ft

120-1160

Uniform

I0_-104

Uniform

0.5-5

Uniform

50 to 200

Uniform

105 to 135 degrees
from due east

Uniform

0.05-0.2

Uniform

Ls-Thickness of soil, m

0-5

Uniform

Lw-Thickness of weathered rock ,m

2-15

Uniform

100-10,000

Uniform

Kdw-weathered rock, ml/gram

15-45

Uniform

K -First shallow bedrock aquifer
mýgram

1-15

Uniform

Parameter

q-well,

ft3/yr

b-Eff. thickness, ft
Ambient velocity, ft/yr
Ambient direction from horizont al
I-Infiltration, in/yr

Kd,-soi, ml/gram

R•ds+ L

RawI

At= LIP(W

(E.1)

Where 4, is porosity of soil and 0,, is porosity of weathered rock.
R, and Rd,, are retardation factors in soil and rock, respectively:
Rd =1 + p--d

(E.2)

p-i
where p = density of the medium and kd = equilibrium coefficient between water and the medium.
Porosity of soil, weathered rock and first shallow bedrock zone were taken to be 0.3, 0.15 and 0.03,
respectively. Density was taken to be 2.5 grams/cm3 . The resulting retardation factor ranges used in
the sensitivity analysis are:
soil
weathered rock
aquifer

NUREG- 1613

834-83,300
250-750
84-1,250
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Upon reaching the first shallow bedrock zone, radionuclides are assumed to migrate in the flow
field determined by the ambient groundwater flow and the pumpage from the well. The velocities u
and v of a retarded particle are determined by the superposition of the flow field for a sink of strength
q0 W/yr representing the well at Xo,yo, and the ambient velocities U and V, modified by the
retardation coefficient (Rd) in the aquifer.
q. (x--x,)

u=,-_
27t Rdab [

(x-xo)2

+

+ (y-yo)

]

U
•_f•T
Rda

q,, (y-y,.)
V --, -

X271 RRab
[(X-X)

2

+ (y-y)

2

] + R(E

(E.4)

Where b = effective thickness of the aquifer.
Each particle release point has a "weight" wi, in pCi/year associated with it, determined by the area of
the trench a. m 2 the TWSP represents, the concentration ci, pCi/m3 measured in the TWSP, and the
infiltration rate I, m/yr:
wi = a, c,

(E.5)

If the particle arrives at the well in the allotted time (e.g., 1,000 yrs or less), then it is added to
the sum of all particles arriving from the other TWSP's, according to each particle's weight. The
concentration in the well is, therefore, the summed weight in pCi/yr divided by the pumping rate of
the well in m3/year. The model assumes conservatively that Ihe rate of release of uranium from the
trenches remains steady, and therefore the concentrations do not decline from their maximums.

E.1 RESULTS OF UNCERTAINTY ANALYSIS
Using the distributions of parameters in Table E.1, the staff generated 1,000 Latin Hypercube
Samples (LHS) and evaluated concentrations in each of the hypothetical intruder wells at 1,000 yrs.
Of the 1,000 samples, 235 were rejected because the well locations fell either outside the site
boundaries or within a trench.
The staff evaluated the three cases for retardation of uranium, i.e.: (1) retardation in soil,
weathered rock and aquifer; (2) retardation in weathered rock and aquifer only; and (3) retardation in
aquifer only. Concentrations for each of the TWSP's were taken from the data presented by the
licensee prior to the 1995 field program (ARCO/B&W 1993).
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Analysis of case 1 indicates that none of the potential wells would receive any uranium within
1,000 yrs. For case 2, only 3 of the 765 potential wells had non-zero concentrations. Only case 3,
where retardation in the soil and weathered bedrock was ignored completely, had substantial
numbers of non-zero concentrations.
Figure E.2 shows the site layout, with the location of the TWSP's of the upper trenches and the
LHS-sampled locations of the user's well for the uncertainty analyses. The well locations that gave
the highest calculated concentrations are downgradient of the trenches. Concentration does not
strictly depend on position, however because at each location all of the other model parameters were
also sampled and the flow field is influenced by well pumpage. Over 83 percent of the 765 samples
give zero concentrations. The arithmetic average concentration is 160 pCi/I, and the largest value is
5,730 pCi/l. Using the pathway dose conversion factor of 0.2 mrem/yr/pCi/l, the mean dose would be
about 35 mrem/yr, and the maximum would be about 1,260 mrem/yr.
Note that for the unretarded case (case 3), the maximum concentrations of uranium leaving the
trenches (e.g. TWSPs 1-5, 1-6, 1-7, 1-12) would result in depletion of the uranium source in less than
1,000 yrs (about 100 yrs, Section 3.5). The maximum concentration at 1,000 yrs would, therefore, be
substantially less than estimated above. It would probably be upper bounded at about 670 pCi/L
which would result in a dose of about 135 mrem/yr assuming continuous consumption at 2 L/d. If the
uranium were in insoluble form the upper bound dose rate would be about 14 mrem/yr. Both these
estimates are highly conservative because they assume there is no retardation.
Maximum hypothetical dose rates would occur earlier than 1,000 yrs, in which case retardation
in the aquifer would have a greater effect on the results. Note that there is no evidence that uranium
is leaving the trenches at a rate approximating a 100 yr turnover. Uranium has not been detected
above expected background levels in well water from the first shallow bedrock aquifer after 30 yrs.

E.2 SENSITIVITY TO PARAMETERS AND ASSUMPTIONS
From the Monte Carlo analyses, concentration is positively correlated with infiltration and
ambient flow rate, and negatively correlated with aquifer thickness and water use. There is a negative
but small correlation between water use and concentration. Although increased water use would
decrease the travel time between the trenches and the well, this is offset by the increased dilution
with uncontaminated water.
For the relatively small retardation range chosen for the first shallow bedrock zone in the
analysis for case 3, there is little if any perceptible effect of retardation. This result indicates that
virtually all of these particle paths from the trenches toward eventual capture reached their
destination by 1,000 yrs, irrespective of retardation in the aquifer. Retardation would have been a
significant factor only if the range were much higher and only for well locations far from the trenches
or for times less than 1,000 yrs.
By far the strongest influence on well concentrations would be the ability of the soil and
weathered rock beneath the trenches to retard uranium. The staff believes under reasonable
assumptions about layer thicknesses and retardation parameters, virtually no uranium would migrate
to the wells within 1,000 yrs, even with no site remediation.
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E.3 CONSIDERATION OF PREFERENTIAL FLOW PATHS
The model employed in the Staff s sensitivity analysis takes into account the possibility that
water and contaminants could move along preferential flow paths to users because it assumes
unretarded uranium loss from the trenches is captured by a well in the first shallow bedrock aquifer.
Since the yield of wells in the first shallow bedrock zone would be so small, users requiring more
water would either have to drill deeper wells, or search for locations having larger yields.
Concentrations in deeper units would be expected to be much smaller than the first shallow bedrock
zone.
It would be reasonable that the inhabitants would place the well close to a place more likely to
have a high yield, or be near high-permeability fractures. While this could allow a preferential
pathway for contaminants from the trenches, it would also integrate the releases and the flow. Since
Dry Run is likely to be the sink for groundwater from the first shallow bedrock aquifer, a reasonable
conceptual model would assume that a well would be located near or in that water course.
The staff has performed a separate analysis for steady state concentration that assumes water
from the upper trenches would flow toward Dry Run, and be collected there. The analysis assumes
the following conditions:
*
*
*
*

The first shallow bedrock zone intercepts all of infiltration (none passes down to deeper units),
The watershed area for collection of infiltrating water in the stream is represented by the flow
rate to Dry Run.
Since Dry Run is assumed to be a sink, half of the water flowing to it comes from the trench
side, and the other half from uncontaminated locations.
Uranium leaves the contaminated trenches at a rate determined by the concentrations in each
trench (Ci)and its surface area (Ai) and infiltration rate (I), as in the previous calculation. Since
this is a steady state calculation, the results do not depend on the time delay through the soil,
weathered rock or aquifer zones.
In this case
Loss rate of uranium
A, C,

Wuranium = I E

cilyr

(E.6)

Flow of water

Wfyter =2 I Asite

where As•,i is the total area of the site.
Therefore, the steady state concentration would be:
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EAi
Ci
-site
37.9 pCi/l
C - 2
2 Asite

I

(E.8)

The dose to an individual consuming this water would be about 8 mrem/yr. For this case, the
results are deterministic rather than probabilistic, because those terms which were random in the
probabilistic analysis all cancel. This leads to a simple and robust estimate of concentration. Note,
however, that the concentration calculated is for steady state only. Under reasonable conditions of
retardation, there would be a considerable period of time-much greater than 1,000 yrs-before
concentrations could build up to this value because of retardation, primarily in the soil and weathered
rock beneath the trenches.
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F.1 INTRODUCTION
A key variable in assessing projects that have long-term implications is the discount rate. To
account for the time-value of money (e.g., the profit that can be made by investing money),
discounting should be conducted to provide a more accurate comparison of the costs of two or more
projects requiring spending over time periods of different length (OMB 1992). Discounting adjusts
values occurring at different points in time to a present value that equates the amounts for the "time
value of money." For example, given a $1 million cost (1997 constant-worth dollars), it is more
desirable to spread $1 million of payments over 12 yrs than 4 yrs. During the 12-yr period, more
interest could be earned on the unused balance. Therefore the same amount spread over a longer
period is worth less than spread over a shorter period. The estimates for this analysis are discounted
(i.e., adjusted downward) using a real discount factor of 7 percent. This is the rate recommended for
use by the Office of Management and Budget for regulatory analysis (OMB 1992). A sensitivity
analysis using a lower discount rate is also presented. A brief rationale for the sensitivity analysis
using a much lower discount rate follows.
It is important to note that a 7 percent discount rate as recommended by the OMB has a
powerful effect in translating future values into a present value. For instance using a 7 percent
discount rate, $1 million 20 yrs in the future has a present value of $258,000. The value of $1 million
in 50 yrs is $34,000, and after 100 yrs it becomes about $1,000. Therefore, a 7 percent discount rate
could justify only a relatively small investment to achieve large benefits that occur far into the future.

$1,000,000 =$258,000
(1 +.07)20
The OMB basis for using a 7 percent real discount rate is that this reflects the opportunity cost of
capital. The advantage of using this approach in a benefit cost analysis :is to achieve economically
efficient decisions. For instance using a criterion discount rate of 7 percent which reflects returns for
investments, avoids choosing investments that achieve a lower rate of return than could otherwise be
earned in the private sector. However, where a project effects future generations, using the social
opportunity cost of capital gives little consideration to the benefits or costs that would fall on future
generations as noted above. While present generations may receive consumption benefits based on a
7 percent rate of return, future generations can not be guaranteed that enough of these benefits will
be passed on to compensate for the imposition of long-term damages.
The economic literature on discounting suggests that a different concept of discounting may be
more appropriate where intergenerational equity is an issue. The Social Rate of Time Preference
(SRTP) is a concept that attempts to consider this issue. Concerns about intertemporal equity arise
when very long time periods separate the consequences of actions for as; example might occur in the
case of global warming. There would be very little justification for concern about the economic
consequences of global warming if the present value of potential global warming costs were
calculated using a 7 percent discount rate.
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The SRTP attempts to incorporate considerations (such as ethics and the projected effects of
technological improvement on economic growth) that would result in a discount rate that promotes
an equitable distribution of consumption across generations. On this basis some have argued that the
SRTP should be zero because the consumption of the present generation should not be valued more
highly than future generations. More typically, a SRTP of about 1 percent to 3 percent has been
justified (Livingstone and Tribe 1995) because assuming there is a positive growth in per capita
consumption, future generations would be richer, reducing their marginal utility of consumption, and
thus justifying a positive discount rate to evaluate their consumption relative to the present.
For purposes of the sensitivity analysis real discount rates of 1 percent and 0 percent have been
used. The 1 percent rate which is at the lower end of the range suggested in the economic literature
(Livingstone and Tribe 1995) was selected because it is the long-term real rate of return that NRC
has used to calculate the fund sufficient to cover long-term monitoring costs remediating for uranium
mill tailing piles. The 0 percent rate would reflect an SRTP where there was no growth in society's
per capita incomes.
When using the SRTP, if project costs are to be compared to benefits, they should be converted
to their "consumption equivalent" by using a "shadow price of capital." The conversion factor for
comparing costs to benefits using a 1 percent SRTP would multiply the costs by 1.52 and for a
0 percent discount rate would multiply costs by 1.65. The rationale for this adjustment is that because
the potential consumption across generations is being measured, the project cost or initial investment
should be counted in terms of how much consumption it could generate. If the initial project cost (the
investment) could provide a return of 7 percent annually in an alternative investment, then this return
over the life of the investment is the consumption equivalent. The consumption equivalent is
calculated by taking the annuity of the of project costs discounted to a present value using the SRTP.
Staff has used 7 percent (the opportunity cost of capital) and 15 yrs to calculate the annuity. The
7 percent is consistent with the OMB discount rate which reflects the opportunity cost of capital. The
15 yrs is assumed to be the average life of a capital investment. The result of this calculation is to
increase the cost of the alternatives by a factor of 1.52 (1 percent SRTP) or 1.65 (0 percent SRTP)
times their present value.

F.2 REFERENCES
Livingstone, I. and Tribe, M. 1995. "Projects With Long time horizons: their economic appraisal and
the discount rate," ProjectAppraisal,June, pp. 66-76.
OMB Circular A-94 1992. "Subject: Guidelines and Discount Rates for Benefit-Cost Analysis of
Federal Programs," revised, transmittal Memo 64, Office of Management and Budget, Oct. 29.
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Appendix G
CRITICALITY SAFETY EVALUATION
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G.1.- INTRODUCTION
Radioactive waste from the processing of uranium fuel at the Apollo nuclear fuel fabrication
facility was buried in ten trenches at the Parks Township SLDA (Shallow Land Disposal Area)
between 1960 and 1970. The uranium in the trenches is present at various levels of enrichment, from
high enriched (>45% U-235) to depleted (less than 0.2% U-235). The presence of uranium enriched
in U-235, a fissile isotope of uranium, led the NRC technical staff to consider the possibility of
reconcentration and criticality in the trenches in this Safety Evaluation Report.
Analyses were limited to 15,000 years into the future. It was determined that disruption of the
trenches by erosion and climatic conditions associated with the onset of glacial conditions would
likely disrupt the neutronics as well as the mechanisms needed to assemble a critical mass after a
10,000 to 15,000 year period of time had elapsed.
For example, the disposal trenches are approximately 15 feet deep and calculations show
(B&W, 1993, Appendix 1.2, Appendix 3, Soil Loss Calculation) that if the site is covered with grass,
1 foot is eroded every 1500 years (10 feet in 15,000 years). If the soil is bare, 1 foot is eroded every
14 years (15 feet in 210 years). The least erosion occurs when the site is covered by dense forest. For
this case, 1 foot is eroded in 3000 years (5 feet in 15000 years).
Even though continental glaciers of the Wisconsin glacial maximum (circa 17,000 years ago)
did not quite reach the Parks Township SLDA, the cold peri-glacial climate did (Flint, 1975).
Further, the Holocene record shows that prior to greenhouse warming the climate was experiencing a
very gradual, oscillatory cooling. A recent NRC-sponsored elicitation of climate experts was
conducted (DeWispelare et al., 1993). Three of five experts felt that cooling trends in the northern
hemisphere were likely to gradually resume between 5,000 and 10,000 years after present. The NRC
staff considers that additional frost action during and after that time would contribute to the
disruption of the burial trenches. For example, the current frost line penetrates to a depth of
approximately 3.5 feet. Under a peri-glacial climate the frost line could penetrate up to
approximately 9 feet (Leonards, 1962) which would be deep enough, taking into consideration
ongoing erosion, to disrupt conditions that might otherwise lead to criticality. Consequently, as a best
estimate, the staff chose 15,000 years as a practical upper bound for the time period in which the
trenches would remain undisturbed.
Three conditions are needed for criticality:
1. Inventory of fissile material - There must be a sufficient quantity of U-235 at the SLDA such
that criticality could occur.
2. Neutronics - The neutron dynamics must be conducive to criticality in terms of moderating,
scattering, and reflecting.
3. Mechanisms for assembling a critical mass - There must be mechanisms to mobilize and
reconcentrate the uranium into a critical mass in the time that the trenches exist.
Staff analyses focused on determining whether these conditions are currently present in the
trenches or could be present in the future.
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G.2. INVENTORY OF FISSILE MATERIAL
There are several ways to estimate the inventory, including the use of regulatory limits, burial
manifests, filtered leachate solids, and downhole gamma measurements. Each method has
uncertainties associated with it, but the NRC staff placed most confidence in the downhole gamma
measurements as they provide a more statistically sound estimate.
Regulatory limits (10 CFR §20.304) combined with the burial history and NUMEC policy of
limiting the activity per burial to 10% of the regulatory limit, results in an estimate of 0.96 Ci of
uranium buried in the trenches. Using the average enrichment of uranium (15%), from leachate
samples from the trenches, and the specific activity of uranium of that enrichment, yields 26.3 kg of
U-235 in the trenches. If only the regulatory limits were followed, the estimate of buried U-235
would be ten times higher.
Information collected from NUMEC employees during interviews and gleaned from various
NUMEC files and records can also be used to estimate the inventory of buried U-235. These records
are sketchy and do not specify the particular trench in which the waste was buried or definitively
state when particular trenches were open. For example, one entry in the Site Characterization
Report (B&W, 1993, p. 7-17) states "based on records from 8/67 to 12/67, at least 40 55-gal drums
containing scrap recovery wastes, including leached ashes and solids; leached poly buckets and vials;
scrap metal; glass; and debris were disposed. The radiological content of these wastes was 3621.9 g
" 5U." Anecdotal evidence suggests waste was dumped, not carefully placed within one trench. The
total 235U described in these records is approximately 27 Kg.
Filtered leachate solids can also be used to estimate the inventory of buried U-235. In a manner
similar to the downhole gamma log calculation of inventory, if the activities of filtered solids in a
temporary waste sampling point (TWSP) are assumed to represent the activities of all the solids half
way to the adjacent TWSP, one can calculate the 235U inventory. This method yields a total 235U of
650 kg with trench 5 having the greatest quantity of 235U at 233 Kg.
Of the 40 TWSPs in which both filtered leachate solids have been sampled and downhole
gamma logs have been performed, 29 showed the methods to yield consistent results based on the
mean plus two standard deviations, but I1 showed inconsistent results. In the cases of
inconsistency, the filtered leachate solids were always of higher activity (up to 40X).
One possible explanation for the discrepancy between the activities from downhole gamma logs
and filtered leachate solids could be that the trench material is composed of particles of various sizes.
The finer sizes may have better sorption characteristics for uranium, whereas the larger particles sorb
less uranium. Thus, on a mass basis, the gamma measurements would indicate a lower activity for the
larger particles. If both sizes of particles are interspersed in the trench, and the filtered leachate
solids reflect finer sized material in the trench, then using the filtered leacheate solids would
overestimate the inventory. It is possible that the filtered leachate solids may be more mobile than the
larger particles in the trench, however there is no evidence for their preferential mobility through the
trench.
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Downhole Gamma Logs
Based on downhole gamma logs (Table G. 1), the licensee (B&W) estimates there are from 3.8
to 4 Ci of uranium buried, depending mostly on the use of 1993 or 1995 data for the 2" TWSPs
(ARCO, 1997, p. T-5). The licensee prefers this method for determination of inventory over those
utilizing regulatory limits or burial manifests. The following table lists the inventory by trench
calculated using the licensee assumptions (uncorrected) and by the NRC staff (corrected):

Table G.1. Trench Inventories of uranium by gamma logging
Trench

Mass

23 5

U

(Kg)
uncorrected

Mass

23 5

U

(Kg)
corrected

1

7.3

9.7

2

24.1

32.1

3

0.2

0.3

4

2.9

3.9

5

11.2

14.9

6

17.3

23.0

7

6.8

9.0

8

0.7

0.9

9

1.1

1.5

10

6.2

8.3

The uncorrected downhole gamma measurements indicate there is significant heterogeneity in
the trenches. However, by assuming the activity within one foot of each TWSP is representative of
the trench material halfway to the adjacent TWSPs, and summing the activities over all of the
trenches, one can estimate the total 235U disposed. Because the sodium iodide detector measures only
gamma radiation from 235U, the enrichment measured in each TWSP must be used to determine total
activity of uranium in the trenches. This is the method used by the licensee to give 3.8 to 4 Ci
uranium. The mass of 235U in all the trenches, as calculated by the licensee, is 74.3 to 77.7 kg based
on the downhole gamma log measurements. Trench 2 has the greatest quantity of 23MU, calculated by
the licensee as 20.8 to 24.1 kg, depending on whether the 1993 or 1995 data for the 2" TWSPs was
used. The average enrichment of 235U measured in leachate from TWSPs in Trench 2 is 20 percent.
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The calibration technique used by the licensee in the downhole gamma logs failed to consider a
1" annulus of driller's sand emplaced around the TWSPs. Taking this 1" annulus into account, the
licensee calculates that the total inventory should be increased by a factor of 1.33. Thus, the NRC
staff has corrected the licensee's estimates and the total 235U buried is estimated to be 77.7 X 1.33
=103 kg, and the amount in trench 2 is estimated to be 24 X 1.33 = 32 kg.
Calculations to estimate the 235U inventory contained in the trench around a TWSP halfway to
the adjacent TWSPs use the activities at 1 foot intervals in each TWSP to determine the mean
inventory. This approach does not provide for a measure of confidence associated with any
particular inventory estimate. If, on the other hand, it is assumed that each gamma log measurement
in a TWSP is a random sample of the trench volume, it is possible to determine the level of
confidence for a particular inventory estimate. The bootstrap method (Efron, 1982) has been used to
estimate that the inventory in trench 2 is less than 66 Kg for the 95% confidence level. This estimate
is biased towards a higher value in that the method ignored spatial correlation, which if considered,
would tend to reduce the inventory estimate at the same confidence level. The staffs evaluation of
the inventory of U-235 in trenches I - 9 gives a median of 132 kg and a 95th percentile of 176 kg.
Due to the relatively small number of samples showing activities above background, the inventory in
trench 10 was not analyzed using the bootstrap method. The staff estimates that the trench 10
inventory is less than 16 Kg at the 95% confidence level.
In summary, depending on the method of estimation used, the total inventory of 235U ranges
from 650 kg to 22 kg. The NRC staff considers the downhole gamma log information most reliable
because the greater number of samples taken using that method provides a more statistically sound
estimate.

G.3. NEUTRONICS
Neutronics calculations were performed using the code SCALE (Landers et al., 1995) to
determine the effects of varying certain parameters on the neutron multiplication factor, Kff.
Criticality would occur when Keff is equal to or greater than one. Parameters varied included the
quantity of neutron poisons, enrichment, water content, mass of uranium, and size of the geometric
shape considered. The spherical shape was chosen for modeling purposes, because it is conservative,
requiring the smallest 235U mass for criticality. Other geometries considered in accumulation
scenarios require greater masses of 235U for criticality at the same atom densities. For example, a
cube requires 1.215 times the 235U mass in the sphere; a cylinder requires a minimum of 1.5 times
the 235U mass of a sphere.
Porosity is an important parameter in criticality analyses because it constrains the amount of
water (moderator) mixed with the fuel. Freeze and Cherry (1979 p. 37) lists porosities for
unconsolidated deposits: gravel 25-40%; sand 25-50%; silt 35-50% and clay 40-70%. The soil in the
trenches is described by the licensee as a silty clay. The highest porosity used in the analyses was
40% based on observed lower values from measurements in undisturbed soil near the trenches.
There were no measurements of porosity in the trenches themselves. Although most of the content of
the trenches is soil, the present porosity in the trenches could be higher than 40% because of the
process of earth-moving and possible higher porosity of the buried waste materials. Staff believes,
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however, that the trench contents will compact with time as the soil settles and the waste material
decays over the 15,000 years the trenches are estimated to remain undisturbed.
Higher concentrations of carbon than in the nominal soil could occur in the trenches. The effect
of porosity above 40% and increased carbon on the minimum critical mass has not been tested. Iron,
a major constituent of the trenches, is a moderately effective poison. Concentrations of Fe above that
in nominal soil reduce the Keff significantly.
In summary, a critical configuration can be postulated for almost any burial site if there is
sufficient inventory, 235U enrichment, lack of poisons, and both the time frame and the migration of
the material is assumed to be unconstrained. The NRC staffs best estimate of the minimum critical
mass of 23
.U is approximately 3 Kg. This mass is dispersed spherically in a volume less than 0.5 m3
of nominal soil with a porosity of 40% and a density of 1.6 g/cc This estimate is based on the
assumption that the uranium is 20% 235U, the average enrichment in Trench 2.

G.4. MECHANISM FOR ASSEMBLING A CRITICAL MASS
The NRC staff evaluated many potential mechanisms for assembling a critical mass.
Calculations to estimate inventory had focused on the quantity of 235U in an entire trench. However,
several of the trenches could contain sufficient 231U for more than one potential critical mass of 235U
(e.g., Trench 2, 5, 6, 7, and 10). For instance, based on the downhole gamma log method to
determine inventory, the volumes of material in the trench surrounding TWSP 2-3, 2-4, and 6-1
contain potential critical masses. Therefore, some modeling of mechanisms for assembling a critical
mass has involved only portions of a trench, while other analyses involved a whole trench. The
range of potential mechanisms for assembling a critical mass that was evaluated was from simple
vertical reconcentration forming a slab geometry, to complicated mass transfer scenarios forming a
cylinder or sphere.
Simple vertical compaction was considered first because there is NRC guidance (NUREG/CR6284) on criticality safety criteria for this case (Hopper et al., 1995). Low-level waste disposal of
fissile materials exceeding areal densities of 1.01 Kg 235U/m 2 could pose a criticality concern for <
100% enriched uranium, and 1.873 Kg 235U/m2 for < 10% enriched uranium (Hopper et al., 1995).
Although this guidance was developed for license review of low-level waste facilities, the basis for
the criteria and the criticality concerns was applied to the Parks SLDA. Assuming the corrected
downhole gamma log information is an accurate measure of the 231U concentrations in the trenches, a
critical condition was not obtained by collapsing the estimated U inventory vertically into an
Optimally moderated infinite slab. The greatest areal density is 0.137 Kg 235U/m 2 in Trench 6 around
TWSP 6-1. To exceed the maximum fissile nuclide areal density criteria of NUREG/CR-6284 for
235V
(1.01 Kg/m 2), would require concentrating the current mass loading by a factor of about seven.
The criticality safety criteria contained within NUREG/CR-6284 strictly
apply to the case of
vertical displacement of fissile material. However, the numeric areal density criteria can also provide
insights for evaluating potential mechanisms for assembling a critical mass. For instance, using the
corrected values for 235U in the intervals measured at 7, 8, and 9 feet and assuming these
concentrations extend from the midpoint between TWSPs 6-1 and 6-2 to the western end on the
trench (approximately 55 feet), there could be 13.2 Kg 235U in this 3 foot thick horizontal slab.
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Because greater than one critical mass could be contained in this volume, any mechanism that could
concentrate uranium into a critical mass should be considered. This would include both horizontal
and vertical transport and any focusing mechanisms.
Attachment 1 lists the mass transfer scenarios tested for Trench 2, as it had the largest estimated
inventory of 235U, and the results of those tests. All scenarios listed in the attachment failed to
accumulate a critical mass in 15,000 years. Two mass transfer analyses of Trench 2, including the
most conservative scenario, i.e., the one accumulating the greatest 235U mass in 15,000 years, are
described in detail below. In addition, a brief discussion of a mass transfer scenario is presented for
Trench 6, which has the greatest mass of 235U in a portion of a trench around a TWSP.
G.4.1 Infiltration
Infiltration through the bottom of the trenches was calculated as 9.2 in/yr (=25 cm/yr) (Site
Characterization Report, 1993, p7-17) and 12 cm/yr (1995 Field Work Report, 1995). The higher
infiltration is derived from regional data collected over many years. The lower infiltration rate
comes from one or two years of measurements at the site.
G.4.2 Hypothesis Testing Involving Focussed Flow
Within a single trench water levels in adjacent TWSPs can vary significantly. Water level or
head differences in adjacent TWSPs could act as the driving force for lateral flow in the trenches or
head differences could indicate effective hydrologic isolation of portions of the trenches.
A portion of a trench is assumed to have impermeable walls and bottom except for a drain
through which all water flows. This "bathtub" fills with water from the top and drains through the
bottom. The dimensions of the "bathtub," 10m x 10m x 3m, were chosen to represent a volume of
trench around a TWSP, i.e., half the distance to adjacent TWSPs, and as wide and deep as the trench.
The shape and size of the drain are unspecified in the transport modeling analysis. For comparison
with the neutronics analysis it is assumed that the drain is of appropriate shape and sufficient size for
criticality.
The uranium concentration in this volume approximates the average concentration determined to
be in Trench 2. The average uranium inventory in Trench 2 has been calculated based on corrected
down-hole gamma logs of the TWSP. At 20% enrichment, the total uranium in the trench is 32
Kg/0.2 = 160 Kg. There are seven TWSPs in Trench 2, so the uranium contained in the
lOim x 1Oim x 3m block is 160 Kg/7 = 22.9 Kg.
PHREEQC (Parkhurst, 1995) is used to model flow and transport of uranium in a onedimensional column. The model utilizes 11 vertical cells, of which the top 10 cells are within the
trench, and the bottom cell represents the drain. This bottom cell is maintained at reducing conditions
in order to non-mechanistically precipitate all the uranium as uraninite that is leached from the
streamtube. This reducing condition is comparable to one controlled by a large mass of carbon (as in
a log) or metallic iron: All cells are the same size and contain 1 Kg of water.
The conceptual model involves desorption of uranium by a surface complexation reaction in the
top 10 cells. The conditions in these top cells are anaerobic but undersaturated with respect to
uranium minerals. Thus, precipitation is not occurring in the top 10 cells. The initial solution in the

NUREG-1613

G-8

I
I
I
I
3
I
I
I
I
I
I
I
I
I
I

I

APENIX

column has a uranium concentration of 0.1 mg/L (=936 pCi/L, assuming 20% enriched uranium).
The average concentration in Trenches 1-9 is 2000 pCi/L, (100 pCi/L in Trench 10), whereas the
average in Trench 2 is 722 pCi/L.
Infiltration rates of 25 cm/yr and 12 cm/yr were considered to assess the effects of infiltration
rate on uranium mass transfer.
An important aspect of this analysis is that when uranium is homogeneously distributed in a
system, migration is unretarded at early times of the flow. When adjacent cells contain the same
concentration of uranium on the solid and in the liquid, in shifting the liquid from one cell to the
next, no rock-water interaction occurs. Thus, within the homogeneously distributed uranium system
there would be no retardation. In the system modeled, rainwater is added at the top of the column,
resulting in the greatest changes in concentrations between adjacent cells at the top. Toward the
bottom of the streamtube, concentrations in solution remain relatively constant for long times. Each
liter that exits the streamtube contributes approximately 0.1 mg uranium. Only after a significant
amount of uranium has been leached, does the concentration in the liquid exiting the streamtube
decrease.
This analysis conservatively assumed an unlimited source of reductant in the drain. A less
conservative and more realistic assumption would be that a reductant of finite mass exists initially in
the bottom of the trench. With time, that reductant is oxidized by water passing through the drain. If
the infiltrating water contains dissolved oxygen, the reductant will be oxidized and the uranium will
be remobilized. Although the presence of coal in the bedrock underlying the trenches suggests that
potential reductants can persist, most organic materials decay when buried in shallow trenches. In
addition, a non-spherical geometry of the precipitated U-235 would result if any non-degraded
organic material, such as a log, served as the constant reductant.
The mass of uranium precipitated in the bottom cell in 15,000 years comes from one streamtube.
This mass is multiplied by 12,000 for the case where infiltration is 0.12 m/yr and 25,000 where the
infiltration rate is 25 cm/yr to give the mass transferred from the 10m x 10m x 3m block. After
15,000 years, 2.76 Kg of 235U is accumulated when the infiltration rate is 12 cm/yr and 3.72 Kg when
the infiltration rate is 25 cm/yr. This model did not take into account the different lengths of travel
from different parts of the bathtub. A separate analysis, based only on the hydraulics of such a basin
indicate that clean water from the center would reach the drain, by 6,000 to 8,000 years, well before
the uranium from the sides reached the drain and could accumulate. Estimated accumulations from
the hydraulic model were somewhat smaller, approximately 2.2 Kg at 15,000 years for infiltration of
12 cm/yr and 3.2 Kg for infiltration of 25 cm/yr. The analyses would also predict a highly irregular
deposition of mass in a non-spherical shape. Combining the low likelihood of focused flow to only
one drain, with the low likelihood that this drain is also the only portion of the trench that contains
reductant of sufficient capacity to immobilize all the uranium at that point over the period of 15,000
years, leads the NRC staff to conclude this scenario is extremely unlikely.

G-9

NUREG-1613

APNIX

G.4.3 Vertical and Horizontal Mass Transfer Hypothesis Testing
Introduction
This mass transfer analysis evaluates vertical and horizontal transfer considering relative crosssectional areas of flux boundaries. If conditions present in the trench today would persist long into
the future, the most likely mode of transport of the uranium in the trenches would be a slow
migration in the direction of groundwater flow. Water infiltrates the soil covering the trenches, and
continues to flow vertically and horizontally in the ground. The flux of uranium at any point in the
trench is directly proportional to the water flux and the concentration of uranium in the water.
Considering only trench 2 because it likely has the highest U-235 inventory, conservatively
estimated at 32 Kg, most of the water flux would be vertical through the bottom of the trench leading
,to a removal and dispersion of the U-235 rather than a concentration. Although the highly weathered
rock underlying trench 2 is less permeable than the trench contents or the surrounding soil, the
vertical infiltration acts over the entire trench area, while the horizontal flow acts over the trench
cross-section, which is much smaller.
Assumptions
The analysis of transport in trench 2 makes the following assumptions, based on measured and
inferred information from the site:
I.
2.
3.
4.
5.
6.

Water infiltrates through the surface soil at a rate of 12 cm/yr,
The permeability of the soil in the trench is 10' m/sec,
The horizontal hydraulic gradient in the trench is the difference between the ground surface
elevations at the ends of the trench divided by their distance, 5/70,
The weathered rock beneath the trench has a vertical permeability of 3.22 x 10' m/sec,
The porosity of the trench soil is 40%, and the bulk density is 1.6 gm/cm3
The lower 3 meters of the trench are saturated,

7.
8.

Flow is at steady state,
The concentration of dissolved uranium is controlled by equilibrium between water and soil,
with an equilibrium coefficient Kd = 1000 mL/gram (near the low end of inferred values for the
site),
9. Transport of uranium in the trench is in the dissolved state only. There is no effect of
precipitation within the trench, except at the downgradient end, where it is all assumed to
precipitate.
10. Once the uranium moves beyond the present-day trench boundaries it cannot be further
concentrated.
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Results
Without resorting to a computational model for horizontal and vertical flow in the saturated
zone, it is possible to estimate the horizontal and vertical fluxes independently. Trench 2 lines up
approximately northeast to southwest. For the stated conditions, the horizontal flow in a 3-meter
thick saturated layer would be approximately, 0.675 m3/yr per meter of trench width. Infiltration over
the same one meter width would be 8.4 m3/yr per meter width. The vertical infiltration through the
bottom of the trench under a unit gradient would be 7.11 m3/year per meter of width. For the stated
conditions, vertical water flux is therefore about 11 times greater than horizontal water flux.
The retardation coefficient, Rd, would be about 4000, and the vertical and horizontal water pore
velocities would be 25.4 cm/yr and 56.3 cm/yr, respectively. If groundwater flow is steady both
vertically and laterally in the trench and Kd is spatially uniform, the transport model would predict
that the trench contents would remain intact as a unit, and simply translate vertically and horizontally
with time in the direction of flow at the retarded velocity. Furthermore, the uranium concentration in
the trench, if it is initially not uniform, would maintain its exact identity except for being translated
along the flow direction. If the trench contents are translating in the downgradient direction and also
vertically, the maximum accumulation would occur in the bottom corner of the downgradient end of
the original trench. The maximum density of any potential accumulation, (Kg/m2 ) would be equal to
the flux of the water (m 2/yr) and the concentration of uranium in the water (Kg/m3 ) integrated over
time. The time limit would be either: (1) the time for the top surface of the trench pattern to translate
past the point vertically, (2) the time for the far boundary of the trench pattern to translate past the
point horizontally, or (3) the lifetime of the intact trench. For the conditions stated, time determined
from (1) would be 47,300 years, while time determined from (2) would be 497,000 years. Therefore,
cutoff time (3) of 15,000 years applies. For a Kd of 1000 and 160 Kg of 20% enriched uranium, the
average water concentration in the trench would be about 0.1 mg/l. Integrating the flux for 15,000
years, the maximum density of U-235 would be 0.074 Kg/m2, much less than necessary for criticality
of an infinite optimally moderated slab without significant focusing mechanisms to obtain a worse
geometry.
Discussion and conclusions
The above analysis was based on estimates of the trench hydraulics for the period of interest that
would maximize the possibility of using the entire length of the trench in transferring uranium
horizontally. Based on the topography and head measurements in TWSPs and wells, the hydraulic
gradient appears to be more aligned perpendicular to the trench long axis, in the direction of Dry
Run. This suggests flow and migration in the direction of the short axis of the trench, with less
opportunity to concentrate material from the entire trench. Although the contents of the trench are
mostly soil, permeability in the trench may be higher than the present-day subsoil. It is reasonable to
assume, however, that the contents of the trench will settle to a stable configuration, especially as the
degradable waste decays. Furthermore, it is reasonable to assume that if significant engineered
improvements to the site in the form of a massive multilayered cover, swale, and cutoff walls are
constructed, then this will change the infiltration situation for the better, even under partial failure.
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Finally, it should be noted that there is no compelling evidence for the migration of material
horizontally in the trench through the soil (Arco, 1996). Most if not all indications of transport of
unretarded volatile organic chemicals from the trench indicate migration into the shales beneath the
trench. The surface seep closest to trench 2 shows no sign of any trench contaminants.
G.4.4. Mass Transfer Scenario for Trench 6
The licensee has modeled flow in the volume of trench 6 around the TWSP 6-1. There are
23.1 m3/yr flowing through the downgradient face and 21.1 ma/yr flowing through the bottom. The
volume of trench around TWSP 6-1 contains 11.7 to 15.5 Kg 235U based on the downhole gamma log
method from 1995 and 1993, respectively. If horizontal homogeneity is also assumed for the
transport calculations, the uranium migrates unretarded horizontally. The concentration of 235U
dissolved in the leachate is 5 jtg/L. Thus, 1.7 Kg 235U could be is transported in the dissolved state to
the downgradient face in 15,000 years. This result is conservative because it neglects the impact of
any vertical migration of uranium which would reduce the predicted amount of uranium transported.
The mass predicted by this simple calculation is less than a critical mass of uranium and the areal
density (0.144 kg 23 5U/m 2) is also less than the areal density critical safety criteria of NUREG/CR6284.

G.5. CONCLUSION
The staff s analysis of the possibility of criticality in the trenches of the Parks Township SLDA
included an evaluation of the inventory of fissile material, neutronics, and mechanisms for
assembling a critical mass within a time period of 15,000 years. Based on the best estimates of
inventory, neutronics, and mechanisms of mobilization and reconcentration summarized below, the
staffs analyses indicate that buried 23 5U will not pose a criticality safety concern in that time period.
The inventory of fissile material was estimated using several methods, each of which had
associated uncertainties. The NRC staff placed most confidence in the downhole gamma
measurements as the greater number of samples collected using this method provides a more
statistically sound estimate. The downhole gamma measurements were corrected for a possible
miscalibration by the licensee and combined with a bootstrap statistical method that conservatively
ignored spatial correlation to estimate the inventory of fissile material in the trenches. This statistical
method allowed the staff to conclude that the median and 95th percentile inventory of 235U in trench
2 is 32 kg and 66 kg, respectively. For trenches I - 9 the median inventory is 132 kg and the 95th
percentile value is 176 kg. Trench 10 contains less than 16 Kg 2a3 U. The estimated 95th percentile
values are conservative because spatial correlation would tend to reduce the variance predicted using
the bootstrap method.
Neutronics calculations conducted using the code SCALE evaluated the effects on the
multiplicative factor Kcfr from varying 1) the porosity of a nominal soil; 2) the water content of the
nominal soil; 3) the enrichment of 231U; 4) mass of uranium; 5) content of neutron poisons such as
iron; and 6) the size of the spherical mass of the uranium. Spherical shape was chosen for the
analyses because it is conservative, requiring the smallest 235U mass for criticality. Using the average
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enrichment of 235U in trench 2 (20%), the minimum critical mass of 235U dispersed spherically in
nominal soil with a porosity of 40% and a bulk density of 1.6 g/cc is approximately 3 Kg.
Many mechanisms for assembling a critical mass have been evaluated by the NRC staff. These
mechanisms range from simple vertical compaction to detailed mass transfer scenarios. According to
the maximum fissile nuclide operational areal density criteria of NUREG/CR-6284 no portion of any
trench that underwent simple vertical compaction at the Parks Township SLDA poses a criticality
safety concern. Nonetheless, potential mass transfer scenarios were evaluated to determine if they
could result in a critical mass accumulation within 15,000 years. Evaluations of mass transfer
scenarios were completed for the entire trench that contained the largest inventory of 235U (Trench 2)
and for portions of a trench to reflect the observed local abundance of 235U in Trench 6. Only in a
scenario with the most conservative assumptions could a mass of 235U approaching a critical mass be
obtained. All other mechanisms for assembling a critical mass that the staff evaluated did not result
in a critical mass accumulating. The staff concludes that the potential for a critical mass to form at
Parks Township SLDA is so unlikely that it should not be considered credible.
In summary, the results of these analyses are conservative because they relied on conservative
assumptions, such as flow to only one drain, a single location and constant source of reductant,
spherical configuration, and the absence of neutron poisons above that in nominal soil. Of these
assumptions, each appears to be unlikely in and of itself. Therefore, it is our judgement that the
confluence of all of these processes, events and characteristics acting in concert for thousands of
years is extremely unlikely, and provides reasonable assurance that the potential for a critical mass to
form is not a credible event for either the "no action alternative" or the "institutional control"
alternative.
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Attachment I
Scenarios and Conditions Tested
In Chronological Order
Mass Transfer Scenarios

Result

Vertical transfer only without retardation

Below areal loading required for criticality

Horizontal transfer only with retardation

Time to accumulate critical mass greater than
250,000 years

Diffusion to sphere with retardation

Time to accumulate critical mass greater than
250,000 years

Vertical and horizontal transfer in portion of
trench with retardation

Mass loading increase by 1000 times needed
for critical density; time for accumulation is
243,000 years when Rf= 27,000 and 60,000
years when Rf = 4.

Vertical and horizontal transfer considering
relative cross-sectional areas of flux
boundaries

Large surface area of bottom of trench and
small area of trench end led to conclusion that
most uranium flux passes through trench
bottom.

December 3, 1996 Meeting
Focussed flow in portion of trench with
sorption

Described in detail in Section x.4.2
Assumption of homogeneous distribution of
uranium in trench allows unretarded uranium
transfer. Mass of accumulated uranium
strongly dependent on leachate concentration
and flux (approximately 3 Kg U-235)

Vertical and horizontal transfer in whole
trench with sorption.

Described in detail in Section x.4.3 An
alternative conceptual model to the one above
that describes vertical and horizontal uranium
transfer considering relative cross-sectional
areas of flux boundaries. Subcritical mass
accumulated.
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Mechanisms of Immobilization
In Chronological Order
Mechanism and Phase

Result

Sorption on ferrihydrite

Ferrihydrite capable of sorbing critical mass;
possibility of nonlinear isotherm important.

Sorption on goethite

Goethite incapable of sorbing critical mass.

Precipitation due to interaction with reduced
iron phases

Feasible based on thermodynamic and mass
balance considerations; kinetically uncertain.

Precipitation due to interaction with reduced
carbon phases

Feasible based on thermodynamics; uncertain
based on mass balance and kinetics
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