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Executive Summary

The requirements for ground water compliance for Uranium Mill Tailing Remedial Action
(UMTRA) Project sites, including the Riverton site, are stated in the Uranium Mill Tailings
Radiation Control Act (42 USC 7901 et seq.) and in the U.S. Environmental Protection Agency's
“Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings”
(40 CFR Part 192).

The compliance strategy proposed for the Riverton site is natural flushing in conjunction with
institutional controls and verification monitoring. The essential premise of natural flushing is that
ground water movement and natural attenuation processes will reduce contaminant
concentrations to background levels, maximum concentration limits, or alternate concentration
limits that will not pose a risk to human health or the environment within 100 years. This
proposed compliance strategy was evaluated by applying Riverton site-specific data to the
compliance framework developed in the UMTRA ground water programmatic environmental
impact statement (DOE 1996a).

There are three aquifers beneath the site: a surficial unconfined aquifer, a middle semiconfined
aquifer, and a deeper confined aquifer. For regulatory purposes, the surficial unconfined and the
semiconfined aquifers are defined as the uppermost aquifer capable of yielding a continuing
source of water. The milling-related contamination at the site has affected both the surficial and
semiconfined aquifers, although the leaky shale aquitard separating these units limits the
downward migration of contamination into the semiconfined aquifer. The semiconfined aquifer
is separated from the underlying confined aquifer by a shale aquitard. The confined aquifer has
not been contaminated by milling-related constituents. Contaminant distribution is controlled
largely by ground water movement, which is generally to the southeast towards the Little Wind
River. Ground water from the surficial and semiconfined aquifers ultimately discharges into the
Little Wind River.

The baseline risk assessment for the Riverton site (DOE 1995) identified 10 potential
contaminants of concern: arsenic, lead-210, manganese, molybdenum, nickel, polonium-210,
sulfate, thorium-230, uranium, and vanadium. The baseline risk assessment determined that risks
to human health can be mitigated by applying institutional controls to restrict access to
contaminated ground water in the vicinity of the site. An alternate water supply is currently being
constructed in the vicinity of the old Susquehanna-Western Mill that will provide domestic water
to the residents. The flow in the Little Wind River is sufficient to dissipate the impacts of
discharging ground water.
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1.0  Introduction

The purpose of the Riverton, Wyoming, Uranium Mill Tailings Remedial Action (UMTRA)
Project Site Observational Work Plan (SOWP) is to 1) provide a summary of all existing
characterization data and 2) propose a site-specific ground water compliance strategy that meets
the U.S. Environmental Protection Agency (EPA) ground water standards (40 CFR Part 192) at
this UMTRA Project site.

The compliance strategy is supported through a comprehensive summary of all existing data in
the form of the site conceptual model. The site conceptual model describes the sources of the
existing ground water contamination and defines the current site conditions and the potential
environmental and health risks associated with the contaminated ground water.

The final SOWP summarizes the results from a probabilistic ground water flow and transport
model that is used to reduce the uncertainties associated with the proposed ground water
compliance strategy. The model results show that the uncertainty associated with the proposed
ground water compliance strategy is at an acceptable level so that the next step in the UMTRA
process, the preparation of a site-specific ground water National Environmental Policy Act
(NEPA) document can begin.

Section 2.0 of this final SOWP describes the requirements for meeting standards at UMTRA
Project sites. Section 3.0 describes the results from the additional data collection activities that
were recommended in the SOWP, Rev. 0 (DOE 1995b). Section 4.0 summarizes site-specific
data and provides the site conceptual model. Section 5.0 provides justification for the
recommended ground water compliance strategy for the Riverton site. Section 6.0 provides a list
of the references cited. The appendices include data on monitor well construction and aquifer
lithology; ground water, surface water, and sediment quality data; and the results from the
GANDT model used to evaluate the effectiveness of natural attenuation at the site.

1.1  Ground Water Compliance Strategy

The ground water compliance strategy recommended for the Riverton site is natural attenuation
with institutional controls to limit exposure to the contaminated ground water with verification
monitoring to ensure the forecasts are accurate. Hydrogeologic and geochemical data collected
from the Riverton site and the results of the ground water modeling indicate that natural ground
water movement and geochemical processes will decrease contaminant concentrations to
background levels, maximum concentration limits (MCLs), or alternate concentration limits
(ACLs) within 100 years. During that period of time, effective monitoring, institutional controls,
and an alternative water supply will be maintained to prevent the use of ground water in the
affected aquifer for domestic consumption, stock watering, or crop irrigation.

1.2  Programmatic Ground Water Documents

Programmatic documents that provide guidance for this SOWP include the U.S. Department of
Energy (DOE) UMTRA Ground Water Project Management Action Process (MAP) Document
(DOE 1996b), Final Programmatic Environmental Impact Statement for the Uranium Mill
Tailings Remedial Action Ground Water Project (PEIS) (DOE 1996a), and the Technical
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Approach to Ground Water Restoration (TAGR) (DOE 1993a). The MAP states the mission
needs and objectives for the UMTRA Ground Water Compliance Program and provides an
overall technical and managerial approach for conducting the program. The PEIS provides an
objective programmatic decision-making framework for conducting the UMTRA Ground Water
Project, assesses the potential programmatic impacts of conducting the project, provides a
method for determining the site-specific ground-water compliance strategies, and provides data
and information that can be used to prepare site-specific NEPA documents (42 USC 4321
et seq.). The TAGR provides technical guidance for conducting the ground water program.

1.3  Relationship to Site-Specific Documents

The surface remedial action plan (RAP) and SOWP, Rev. 0, provide site characterization
information (DOE 1987b and DOE 1995b). This information is updated for the final SOWP to
formulate the site conceptual model. If a ground water compliance strategy requiring remedial
action is selected for this site, a ground water RAP or surface RAP modification would be
prepared.

In 1995, a baseline risk assessment (BLRA) identified the potential public health and
environmental risks at the site (DOE 1995a). Those risks are considered in this final SOWP to
ensure that the proposed compliance strategy is protective of human health and the environment.

A site-specific NEPA document (e.g., environmental assessment [EA]) will be prepared to
determine the potential impacts, if any, of implementing the proposed compliance strategy and
will include public involvement.

1.4  Content of SOWP Revisions

This final SOWP presents a summary of existing data, describes the conceptual model, and
proposes a compliance strategy based on this information. A program will be devised to evaluate
and calibrate the rate of natural attenuation and assess the effectiveness of institutional controls.
This will be managed by the DOE Long-Term Surveillance and Maintenance Program.

The results of this monitoring program will be discussed in the annual water sampling and
analysis plans (WSAP), and shared with the State, Tribe, and NRC after each sampling event.

It is the intent of DOE to provide copies of the final SOWP to the U.S. Nuclear Regulatory
Commission (NRC) and to the potentially affected public, State of Wyoming, and the Arapaho
and Shoshone tribes for comment. Public meetings were conducted during the SOWP Rev. 0
process to ensure close coordination and consultation with the potentially affected stakeholders.
These interactions resulted in an expedited and more informative decision-making process for the
Riverton site.
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2.0  Regulatory Framework

This final SOWP proposes a ground water compliance strategy for the Riverton site that will
achieve compliance with the EPA ground water standards applicable to UMTRA Project sites.
This section identifies the relationship of the Uranium Mill Tailings Radiation Control Act
(UMTRCA) (42 USC 7901 et seq.), EPA ground water protection standards, the cooperative
agreements, and NEPA to the UMTRA Ground Water Project.

2.1  Uranium Mill Tailings Radiation Control Act

The U.S. Congress passed UMTRCA in 1978 in response to public concerns about the potential
health hazards from exposure to uranium mill tailings over long periods of time. UMTRCA
authorized DOE to stabilize, dispose of, and control uranium mill tailings and other contaminated
materials at uranium mill processing sites.

UMTRCA has three titles that apply to uranium processing sites. Title I designates 24 inactive
processing sites that will undergo remediation, directs the EPA to promulgate standards,
mandates remedial action in accordance with standards prescribed by the EPA, directs the NRC
to license the disposal sites for long-term care, and directs DOE to enter into cooperative
agreements with the affected states and Indian tribes. Title II applies to active uranium mills, and
Title III applies to certain uranium mills in New Mexico. The UMTRA Project has responsibility
for administering only Title I sites.

In 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act
(Amendments Act; 42 USC 7922 et seq.), authorizing DOE to extend without limitation the time
needed to complete ground water remediation activities at the processing sites.

2.1.1  EPA Ground Water Protection Standards

UMTRCA requires that EPA promulgate standards for protecting human health and the
environment from hazardous constituents associated with the processing of uranium and the
resulting residual radioactive material (RRM).

On January 5, 1983, EPA published standards (40 CFR Part 192) for the disposal and cleanup of
RRM. On September 3, 1985, the Tenth Circuit Court of Appeals set aside the ground water
provisions of 40 CFR 192.20(a)(2)(3) and remanded them to the EPA. The standards were
revised and a final rule was published on January 11, 1995 (60 FR 2854).

The standards address two ground water contamination scenarios. The first scenario applies to
future ground water contamination that may occur from tailings piles after disposal, and the
second scenario applies to the cleanup of residual contamination that occurred at the processing
sites before disposal of the tailings piles (60 FR 2854). Protection of ground water from the
tailings piles at the disposal sites is addressed under the UMTRA Surface Project. The UMTRA
Ground Water Project addresses the residual contamination that occurred at the processing sites
and is regulated by Subparts B and C of the standards.
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Subpart B, "Standards for Cleanup of Land and Buildings Contaminated with Residual
Radioactive Materials from Inactive Uranium Processing Sites" (40 CFR 192), requires that
remedial action at processing sites be conducted to ensure that concentrations of RRM in ground
water meet any of three criteria:

• Background level—concentrations of constituents in the uppermost aquifer that were not
affected by processing activities.

• Maximum concentration limits—the EPA's maximum limits for concentrations of certain
hazardous constituents in ground water, as proposed for the UMTRA Project. The MCLs
for inorganic constituents that apply to the UMTRA Project sites are given in Table 2–1.
Other constituents may not have established MCLs, but may still be contaminants of
concern.

• Alternate concentration limit—an alternate concentration limit for a hazardous constituent
that does not pose a substantial present or potential hazard to human health or the
environment, as long as the limit is not exceeded. An ACL may be applied after considering
options to achieve background levels or MCLs (for constituents with MCLs).

Under certain specific conditions, DOE may apply supplemental standards in lieu of background
levels, MCLs, or ACLs (40 CFR 192.22). Subpart B of the standards defines "limited-use"
ground water as ground water that is not a current or potential source of drinking water because
the concentration of total dissolved solids (TDS) is in excess of 10,000 milligrams per liter
(mg/L); or because widespread, ambient contamination not due to activities involving RRM from
a designated processing site exists that cannot be cleaned up using treatment methods reasonably
employed in public water supply systems; or because the quantity of water available is less than
150 gallons (gal) (570 liters [L]) per day (40 CFR 192.11(e)).

When supplemental standards apply, implementing agencies shall apply any remedial actions for
the restoration of ground water contaminated by RRM that is required to ensure, at a minimum,
protection of human health and the environment. In addition, when ground water is designated
limited use, supplemental standards shall ensure that current and reasonably projected uses of the
affected ground water are preserved (60 FR 2854).

Subpart B also provides for selecting natural attenuation (flushing) as a means to meet the
standards. Natural attenuation means that natural ground water processes reduce the
contamination in ground water to levels that meet the standards (background levels, MCLs, or
ACLs). Natural attenuation must allow standards to be met within 100 years. In addition, ground
water must not be currently, or projected to become, a source of drinking water during the period
of natural attenuation (40 CFR Part 192.12(c)(2)(I)). Institutional controls (measures that restrict
access to contamination, protect human health, and satisfy beneficial uses of ground water) must
be established and maintained during the period of natural attenuation.
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Table 2–1. Maximum Concentration Limits of Inorganic Constituents for
Ground Water Protection at UMTRA Project Sites

Constituent
Maximum concentration

limita,b

Arsenic 0.05

Barium 1.0

Cadmium 0.01

Chromium 0.05

Lead 0.05

Mercury 0.002

Molybdenum 0.1

Nitrate (as N) 10.0c

Selenium 0.01

Silver 0.05

Combined radium-226 and radium-228   5 pCi/L

Combined uranium-234 and uranium-238 30 pCi/Ld

Gross alpha activity (excluding radon and uranium) 15 pCi/L
a40 CFR 192.
bMilligrams per liter (mg/L) unless otherwise noted.
cEquivalent to 44 mg/L nitrate as nitrate (NO3

-).
dEquivalent to 0.044 mg/L.

 pCi/L - picocuries per liter.

Subpart C, "Implementation," provides guidance for implementing methods and procedures to
provide reasonable assurance that the provisions of Subpart B are satisfied. Subpart C requires
that the conditions of Subpart B should be met on a site-specific basis using information gathered
from site characterization and monitoring. Subpart C also requires the plan to meet the conditions
of Subpart B, which should be stated in the compliance strategy plan or RAP that contains the
proposed compliance strategy, a demonstration of effectiveness, and a monitoring program, if
required.

2.1.2  Cooperative Agreements

UMTRCA requires that remedial action be accomplished with the full participation of the
affected states (Section 103, “State Cooperative Agreements”) and Indian tribes (Section 105,
“Indian Tribe Cooperative Agreements”) on whose lands the uranium mill tailings are, or were,
located. UMTRCA also directed DOE to enter into cooperative agreements with the states and
Indian tribes. A cooperative agreement for the Surface Project with the State of Wyoming was
executed 23 December 1983 (Cooperative Agreement DE–FC04–83AL19454, as amended)
(DOE 1983). Indian tribal land was not involved in the UMTRA Surface Project. DOE has a
Memorandum of Understanding with the tribes and is currently negotiating a cooperative
agreement.
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2.2  National Environmental Policy Act

Implementation of UMTRCA represents a major Federal action subject to the requirements of
NEPA of 1969 (42 USC 4321 et seq.). The Council on Environmental Quality's regulations that
implement NEPA are codified in 40 CFR 1500–1508. The regulations require that each Federal
agency develop its own implementing procedures (40 CFR 1507.3). DOE NEPA regulations are
contained in "National Environmental Policy Act Implementing Procedures" (10 CFR Part 1021).
DOE guidance is provided in Recommendations for the Preparation of Environmental
Assessments and Environmental Impact Statements (DOE 1993b).

Pursuant to NEPA, DOE finalized the Final Programmatic Environmental Impact Statement for
the Uranium Mill Tailings Remedial Action Groundwater Project for the UMTRA Ground Water
Project (DOE 1996a). A Record of Decision was issued in April 1997 in which DOE selected the
Proposed Action alternative for conducting the UMTRA Ground Water Project.

The environmental impacts from implementing the proposed compliance strategy presented in
the final Riverton SOWP will be addressed in a document such as an EA that will meet the
requirements of NEPA, and will tier to the PEIS.
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3.0  Summary of Additional Data Collected

3.1  Summary of Data Collected

In the SOWP Rev. 0, DOE evaluated existing site information and identified data gaps
(uncertainties) that had to be reduced before the appropriateness of the proposed ground water
compliance strategy and the feasibility of alternate strategies, if required, could be evaluated. The
data collection activities performed at the direction of the SOWP Rev. 0 to fill the data gaps are
described in this Final SOWP.

The additional characterization data to reduce system uncertainties were collected in 1995, 1996,
and 1997. These data enhance the understanding of site conditions and ensure that the
appropriate ground water compliance strategy is implemented. The data collection activities
proposed in the SOWP Rev. 0 included:

• installation of additional monitor wells.

• topographic survey across the Little Wind River.

• aquifer tests.

• ground water, surface water, vegetation, and sediment sampling.

• toxicological literature review.

• ground-water level monitoring.

• computer modeling of ground water flow and transport.

3.1.1  Monitor Well Installation

DOE installed twenty additional ground water monitor wells (Plate 1) at the Riverton site
(Figure 3–1) to further define the extent and magnitude of contamination in the surficial and
semiconfined aquifers. The wells were needed to evaluate whether discharge from the Koch
Sulfur Products Co. plant has affected the quality of ground water along the western boundary of
the site, to obtain background water quality data from the surficial and semiconfined aquifers
upgradient of the site and on the south side of the Little Wind River, to refine the understanding
of ground water flow directions, to refine the definition of aquifer parameters, and to confirm that
the Little Wind River is a hydraulic barrier that prevents contaminants from migrating south of
the river. The wells were installed for three purposes: general monitoring of water quality and
water levels, for tracer tests designed to measure aquifer porosity and Darcian velocity (17 wells),
and as pumping wells for aquifer tests (3 wells). Monitor well construction details and lithologic
information (where available) are provided in Appendix A. The location of each new monitor
well is shown in Plate 1.
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The general monitoring and tracer test wells are described as follows:

• Monitor well 700 is located west of the site along the former Chicago and Northwestern
(C&NW) Railroad. It was completed in the surficial aquifer and was installed as an
upgradient well.

• Monitor well 731 was completed in the surficial aquifer near the southwest side of the site
and downgradient from the ditch leading from Koch Sulfur Products. It is part of a new
cluster (cluster 4, Plate 1) of wells that was installed in 1995. The cluster also includes
wells 732 (semiconfined), 783 (surficial), and 784 (surficial).

• Monitor wells 733 (surficial) and 734 (semiconfined) were installed adjacent to the Little
Wind River. These wells are located southwest of the contaminant plume.

• Monitor well 735 (semiconfined) was installed adjacent to monitor well 706 (surficial
aquifer) on the south side of the Little Wind River. It was installed to evaluate whether
contamination from the site has moved beneath the Little Wind River.

• Monitor well 736 was installed in the semiconfined aquifer upgradient from the site along
the former C&NW Railroad. It is adjacent to monitor well 711, which is completed in the
surficial aquifer.

• Monitor wells 780 (surficial), 781 (surficial), and 782 (surficial) were installed as part of a
well cluster (cluster 3, Plate 1) adjacent to wells 716 and 717 along the southeastern edge of
the site. These wells were installed as observation wells for the aquifer test in that location.

• Monitor wells 785 (surficial), 786 (surficial), and 787 (surficial) were installed as part of a
well cluster (cluster 2, Plate 1) near wells 701 through 705 and 707 through 709. The
cluster was drilled as observation wells for the aquifer test in that location and for use in the
tracer tests.

• Monitor well 788 (surficial) is located at the presumed southwestern extent of the
contaminant plume in a pasture north of the Little Wind River.

• Monitor well 789 (surficial) is located adjacent to the Little Wind River downgradient from
the 707 well cluster, which in 1995 showed the highest concentrations of contaminants of
potential concern (COPCs).

DOE also installed three additional wells to collect information on the aquifer parameters
through aquifer pumping tests. The three wells installed for the aquifer testing were larger
diameter than the monitoring wells (6 inches compared to 2 and 4 inches) to accommodate the
pumping required to develop a drawdown curve in each well that could be used to evaluate
aquifer parameters. The aquifer test wells included:

• Monitor well 737 in the surficial aquifer. This well is downgradient from the site and near
cluster 1 (Plate 1), which consists of monitor wells 701, 705, 707, and 709.
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• Monitor well 738 in the surficial aquifer. Well 738 is adjacent to well cluster 3, which
contains wells 716, 717, 739, 780, 781, and 782.

• Monitor well 739, which was completed in the semiconfined aquifer. Well 739 is in the
same well cluster (cluster 3, Plate 1) as 738.

3.1.2  Topographic Surveying

A topographic profile was established across the Little Wind River from monitor well 737 on the
north side of the river to monitor wells 706 and 735 on the south side of the river. The survey
was conducted to establish a topographic reference for land surface elevations, river stage, and
ground water elevations to evaluate whether the Little Wind River acts as a discharge point for
the surficial and semiconfined aquifers.

3.1.3  Aquifer Testing

Additional data were collected to better define the aquifer characteristics at the Riverton site.
These tests included step-drawdown tests and preliminary aquifer pumping tests in surficial
aquifer wells 737, 738 and 100, and semiconfined aquifer well 739. These tests were performed
to ensure complete well development and to evaluate aquifer yields in order to select appropriate
pumping rates for the longer term pumping tests.

A 24-hour aquifer pumping test was conducted in well 739 and long-term (3 to 5 days) pumping
tests were performed in wells 737, 738, and 100. Slug tests were conducted in surficial wells 718,
722, 724, 728, 729, 781, 783, 784, 785, 786, 787, 788, and 789 and in semiconfined wells 702,
705 719, 723, 725, 727, and 730. The slug and aquifer tests were performed to assess the areal
distribution and variability of hydraulic conductivity across the site. Slug tests were performed in
the same wells used as observation wells during the aquifer pumping tests to correlate the slug
test hydraulic conductivities with the more reliable hydraulic conductivities calculated from the
long-term aquifer tests.

Convergent-flow tracer tests were conducted in three clusters around pumping wells 737, 738,
and 100. These tests were conducted to provide estimates of effective porosity and dispersivity.

Borehole dilution tests under natural gradients were conducted in wells 104, 716, 722, 783, 785,
and 787. The borehole dilution tests provided direct measurements of the Darcian ground water
velocity.

3.1.4  Ground Water, Surface Water, Vegetation, and Sediment Sampling

Ground water, surface water, vegetation, and sediment sampling were performed to determine
the impact from ground water migration into the Little Wind River, the oxbow lake, and nearby
wetlands areas. Samples were collected at the following locations shown on Plate 1:

• Sample location 741 is along the West Side Irrigation Ditch southwest of the site,
upgradient from the point where the Koch Sulfur Products drainage ditch enters the West
Side Irrigation Ditch.
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• Sample location 742 is along the Little Wind River in the area where the site contaminant
plume is expected to enter the river.

• Sample location 743 is near the wetlands between the West Side Irrigation Ditch and the
southwesternmost extent of the contaminant plume.

• Sample location 744 is along the eastern side of the site.

• Sample location 745 is along the West Side Irrigation Ditch but downgradient from where
the Koch Sulfur Products drainage ditch enters the West Side Irrigation Ditch.

• Sample location 746 is in the wetlands area east of monitor wells 729 and 730.

• Sample location 747 is adjacent to the oxbow lake, northeast from well cluster 707.

• Sample location 748 is in the northwest corner of the site.

• Sample location 749 is directly downstream of the Koch Sulfur Products, on the Koch
drainage ditch.

• Sample location 850 is along the former C&NW Railroad.

• Sample location 851 is in the wetlands area south of State Highway 137.

• Sample location 794 is cross gradient from the site and west of St. Stephen’s Mission along
the Little Wind River. This location is considered a background surface-water location.

• Sample location 795 is just below the confluence of the Koch Sulfur Products drainage
ditch and the West Side Irrigation Ditch.

• Sample location 796 is along the Little Wind River to the east of the oxbow lake. It is
beyond the effect of the site contaminant plume.

3.1.5  Toxicological Literature Review

Several contaminants of potential ecological concern identified in the BLRA did not have tribal,
State, or Federal water-quality or sediment-quality guidelines. An in-depth literature review was
conducted to obtain ecotoxicological data and information specific to these contaminants and to
the organisms that are likely to be exposed to them. Results of this review are discussed in the
BLRA (DOE 1995a).

3.1.6  Ground-Water-Level Elevation Monitoring

Continued ground water level monitoring was necessary to determine the presence or absence of
vertical gradients between the three aquifers. In addition, monitoring of the water level changes
with response to infiltration from irrigation canals and other surface water features was needed to
develop an accurate hydrologic model of the site.
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3.1.7  Computer Modeling

The goal of the computer modeling phase was to develop a probabilistic hydrologic model to
simulate the ground water flow regime at the site and to predict the transport of contaminants
from the site. The model integrated the hydrologic information associated with the site and
allowed quantitative evaluation of the feasibility of achieving a natural-flushing ground-water
compliance strategy within a 100-year time frame.



Docutnent Number U0013801 Site Conditiolis 

4.0 Site Conditions 

4.1 Site History 

The Riverton site, including the former mill site and tailings pile area, is approximately 2.3 miles 
(mi) (3.7 kilometers [km]) southwest of the town of Riverton on the north side of Highway 137 
(Rendezvous Road) in Fremont County, Wyoming (Plate 1). The site is on State land within the 
boundaries of the Wind River Indian Reservation worthern Arapaho and Shoshone tribes) and is 
located in Township 1 South, Range 4 East, Sections 4 and 9 (Plate 1). 

The former Riverton uranium processing site encompasses approximately 190 acres (ac) 
(76.9 hectares [ha]) on a level, alluvial terrace between the Wind River and the Little Wind 
River, approximately 2.3 mi (3.7 km) southwest of Riverton, Wyoming (Figure 3-1 and Plate 1). 
The uranium mill at the Riverton site operated from 1958 until mid 1963. Storage of uranium ore 
and seepage from the tailings pile following the sulfuric acid and alkaline leaching processes 
resulted in varying degrees of contamination of the ground water with arsenic, lead-210, 
manganese, molybdenum, nickel, polonium-210, sulfate, thorium-230, uranium, and vanadium. 
The tailings pile and associated contaminated soils were removed in 1988 and 1989. 

4.1.1 Physiograpl~ic Setting 

The former Riverton uranium mill tailings site is located on a nearly level alluvial terrace 
between the Wind River (approximately 4,000 feet [ft] (1,000 meters [m]) to the north) and the 
Little Wind River (approximately 3,000 ft [900 m] to the southeast) (Plate 1). These two rivers 
join approximately 2.5 mi (4.0 km) east of the site. The land surface elevation at the site averages 
approximately 4,950 ft (1,510 m) above mean sea level (MSL) and slopes at less than 0.5 percent 
to the southeast. The Wind River drainage area upstream of Riverton encompasses 2,270 mi2 
(5,880 kmz). The Little Wind River has a 1,900-n1i~ (4,930-kmz) drainage basin (USGS 1993). 

The climate in the Riverton area is semiarid to arid (DOE 1987a) and is influenced both by cold 
air masses from Canada and by the prevailing warm westerly winds. The highest and lowest 
temperatures recorded in Riveiton from 195 1 to 1980 were 104 OF (40 "C) and 4 6  "F (-43 "C). 
An average of 207 days per year have minimum temperatures less than or equal to 32 "F (0 "C), 
and an average of 37 days per year have maximum temperatures of 90 "F (32 "C) or greater. The 
average annual precipitation during the 30-year period from 1951 to 1980 was 8 inches 
(20 centimeters [cm]). The greatest amount of precipitation and ground-water infiltration occurs 
in April, May, and June in the form of late spring snows, snow melt, and showers. 

A system of irrigation canals is located along the northern and eastern sides of the property. 
These canals carry water from the Wind River to the northwest and discharge into the wetlands 
area east of the site. The irrigation system operates from June to October. Flow in the canal 
where it enters the site and where it exits the site was approximately 1 cubic foot per second 
(ft3/s) (0.028 m3/s) in June 1994. 
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wetlands areas before passing under Highway 137, where it joins the Little Wind River
approximately 3,500 ft (1,100 m) due south of the property. Another wetland area is located to
the east of the site. Drainage from this wetland passes under Highway 137 approximately 2,500 ft
(760 m) east of the southeast corner of the property. A former meander in the Little Wind River
has been cut off, leaving an oxbow lake southeast of the site.

4.1.2  Surrounding Land and Water Uses

Land Uses

The predominant land use in the vicinity of the site is agricultural. Much of the area is used as
pasture for cattle and horses. Hay is the primary crop in the area. Some of the residences have
vegetable gardens.

Water Uses

The City of Riverton is located approximately 2 mi (3 km) northeast of the former milling site.
The City withdraws water from one of the irrigation canals fed by the Wind River during the
summer growing season (May through September) and pumps water from wells during the rest of
the year. A total of 12 active city wells are located between 1.5 and 9 mi (2 and 15 km) from the
site, but only two of these are within 2 mi (3.2 km) of the site (Plate 1). All the Riverton
municipal wells are completed in the confined aquifer of the Wind River Formation and are 400
to 900 ft (120 to 270 m) deep (Anderson and Kelly 1976). Ground-water quality data
demonstrate that this aquifer has not been contaminated by the former uranium-processing
activities. Water elevations in the monitor wells screened in the confined aquifer show that the
gradient beneath the contaminant plume is to the south-southeast, not toward the Riverton well
field. Contaminated ground water in the shallower aquifers does not represent a threat to the
municipal water supply.

The City has total water rights from the wells of 4.5 million gal/day (17 million L/day). In 1993,
the City pumped approximately 3.3 million gal/day (12.5 million L/day) from the municipal well
field from January to April and from November to December (Saban 1994).

Water used for livestock and domestic purposes in the vicinity of the site is withdrawn from
drilled wells. The locations of known residential wells are shown on Plate 1. Information on the
wells, including total depths, casing depths, supply aquifers, and the uses of the water, is
presented in Table 4–1. All wells used for potable water are at least 100 ft (30 m) deep and are
completed in the confined sandstone aquifer; therefore, they are not being affected by the
contaminant plume.

St. Stephen's Mission is located south of Highway 137, approximately 3,200 ft (975 m) southeast
of the site (Plate 1). St. Stephen's has a well (436) that is completed in the confined sandstone
aquifer and is used for potable and domestic water. A shallow alluvial well that refills with water
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Table 4–1. Private Wells, Details, and Sampling Dates, Riverton Site

Domestic wellsa

TAC ID No.
Year(s)

sampled
Total/casing

depth (ft) Aquifer Water
usec

401b 1985 NA/NA NA NA

402b 1985 NA/NA NA NA

403b 1985 NA/NA NA NA

404b 1985 NA/NA NA NA

405 1981, 1983, 1984(2X),
1985, 1990, 1991(3X),
1992(2X), 1993, 1995,
1997

274/NA Confined sandstone Potable

406 1981, 1990, 1991(3X),
1992(2X), 1993, 1995,
1997

350/NA Confined sandstone Potable

407b 1982 NA/NA NA NA

409b 1985 NA/NA NA NA

410 1982, 1983, 1984(3X),
1990(2X), 1992(2X),
1993, 1995, 1997

100/NA Confined sandstone Domestic

411 1985, 1988, 1990,
1991(3X), 1992(2X),
1993, 1997

270/261 Confined sandstone Domestic

412b 1985 NA/NA NA NA

413b 1985 NA/NA NA NA

415b 1981, 1983, 1984 NA/NA NA NA

417 1981, 1990, 1991,
1992, 1993, 1995, 1997

400/350 Confined sandstone Potable*

420 1981, 1983, 1984(3X),
1985, 1990(2X),
1991(3X), 1992(2X),
1993, 1995, 1997

273/228 Confined sandstone Potable

421 1981, 1985, 1995 200/NA Confined sandstone Potable

422b 1984, 1985 NA/NA NA NA

423 1984, 1985, 1988,
1990, 1991(3X),
1992(2X), 1993, 1995

290/NA Confined sandstone Potable

424b 1984 NA/NA NA NA

425b 1984, 1985 NA/NA NA NA

430 1981, 1983, 1984(2X),
1985, 1990, 1991(2X),
1992(2X), 1993, 1995,
1997

320/284 Confined sandstone Potable

431 1984, 1985, 1992, 1993,
1995, 1996, 1997

Approximately 15
(installed with

backhoe)

Surficial Stock

435b 1983, 1984(2X) NA/NA NA NA

436 1982, 1991(3X),
1992(2X), 1993, 1995

525/NA Confined sandstone Potable

437b 1985 NA/NA NA NA

440 1984, 1985(2X), 1988,
1990(2X), 1995, 1997

267/NA Confined sandstone Potable*
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441 1985, 1995 100/NA Confined sandstone Potable*

442 1994, 1995, 1997 405/NA Confined sandstone Domestic

443 1994 397/356.5 Confined sandstone Potable

444 1994, 1995, 1997 375/365 Confined sandstone Domestic

445 1994, 1997 35/NA Surficial Stock

446 1994, 1995, 1997 410/370 Confined sandstone Potable

448 1994, 1995, 1997 405/NA Confined sandstone Potable

451 1994, 1995, 1997 360/338 Confined sandstone Potable

452 1994, 1995, 1997 NA/NA NA Potable

453 1994, 1995, 1997 NA/NA NA Potable

460 1984, 1993, 1995 450/NA Confined sandstone Process

461 1996 NA/NA NA NA

951 1988, 1992(2X) 273/246 NA Potable*
aSee Plate 1 for well locations.
bThese wells were sampled in 1981, 1983, 1984 and/or 1985 only. They are located outside the maximum

probable extent of contamination and were not sampled again. Construction details and water uses are not
available. They are not located on Plate 1, but analytical data is included in Appendix B.1 for completeness.

cWater uses: Potable = Drinking and other uses.
Domestic = Bathing, washing dishes and other uses, but not drinking.
Stock = Watering livestock, irrigation, but not drinking or domestic.
NA = Information not available.
* = Where water use is not certain, suggest potable to be conservative.
Process = Industrial use.

Water use from interviews with resident or inferred from well characteristics.

from an irrigation canal is used for watering the recreational fields but is not used for domestic
consumption (Brown 1994).

The Koch Sulfur Products Company plant is located near the northwest corner of the Riverton
site. This facility made acid for the uranium process mill and is still in production. The facility
uses the same water supply well that supplied the former uranium mill. This well is reportedly
345 ft (105 m) deep and produces an average of 110 gallons per minute (gal/min) (416 liter per
minute [L/min]) (Slack 1994). Approximately 70 gal/min (265 L/min) of used process water
from this facility flows into a retention pond south of the plant and then into an unlined drainage
ditch that runs south under Highway 137 and into the Little Wind River (Plate 1). The remainder
of the process water is recycled.

Uranium mill-related contaminants remain in the groundwater in the surficial and semiconfined
aquifer in the vicinity and downgradient of the site. To remove the threat of human use of the 
water in the surficial and semiconfined aquifer, and to relieve public fear of the contamination,
DOE has agreed to fund a water distribution infrastructure project (i.e., alternative water supply)
to deliver safe and useable domestic water to the residents in and around the project site. The
alternate water supply project is part of a larger project that is being designed and constructed by
the Indian Health Services. Design of the water line was completed in the summer of 1997, and
construction of some phases began in the fall of 1997. Construction of all phases of the larger
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project (i.e., the water line in the area of contamination and a connecting water line in other
areas) is scheduled to be complete by the summer of 1998.

4.1.3  History of Operations

The surficial and semiconfined ground water aquifers (uppermost aquifer) underlying the
Riverton site became contaminated as a result of the former uranium milling processes and
disposal practices. The Baseline Risk Assessment of Ground water Contamination of the
Uranium Mill Tailing Site Near Riverton, Wyoming (DOE 1995a) identified the following
contaminants of concern: arsenic, lead-210, manganese, molybdenum, nickel, polonium-210,
sulfate, thorium-230, uranium, and vanadium. This section discusses past activities at the site that
resulted in the ground water degradation and also discusses the steps taken to remove the surface
source of contamination. It also describes the activities in the vicinity of the site and uses of the
ground water.

The mill at the Riverton site was constructed in 1958 and was operated initially by Fremont
Minerals, Inc., which changed to Susquehanna-Western, Inc., to process a variety of uranium
ores mined from the surrounding area. In 1960, the mill’s capacity was 450 to 500 tons (400 to
445 tonnes) per day in the acid circuit and 250 to 300 tons (220 to 270 tonnes) per day in the
carbonate leach circuit (Merritt 1971). A sulfuric acid plant was also part of the mill facilities. It
was rated at about 100 tons (90 tonnes) per day in 1960 and used sulfur collected from sour gas.
The uranium mill was closed in mid 1963. The sulfuric acid plant is still being operated by Koch
Sulfur Products Co.

The mill operations included both sulfuric acid and alkaline leach circuits to provide flexibility
for the many types of uranium ore received. Clarified solutions from the acid-leaching process
were fed to a solvent-extraction circuit using an amine-decanol-kerosene extractant. The
extractant was subsequently stripped with caustic soda to precipitate the uranium (Merritt 1971).
During its 5 years of operation, approximately 900,000 tons (800,000 tonnes) of ore were
processed at the mill. The waste solids from the milling of the uranium ores were transferred to a
tailings pile located adjacent to and southeast of the mill (Figure 4–1).

The rectangular tailings pile covered about 70 ac (30 ha) and contained approximately 1 million
cubic yards (yd3) (800,000 cubic meters [m3]) of tailings. An additional 70 ac (30 ha) of the land
surface to the north of the tailings pile were also contaminated from ore storage and other
processing site activities. Dispersion of the tailings by wind resulted in soil contamination on
about 50 additional ac (20 ha) outside the site boundaries, especially to the southeast
(Figure 4–1).

4.2  Sources of Existing Data

Ground-water quality sampling has been performed at the Riverton site since the mid 1970s
(FBDU 1983; FBDU 1981; GECR 1983; LBL 1984; DOE 1987a). The WSAP (DOE 1994b)
summarizes much of the data. During 1993 and 1994, DOE conducted a BLRA to evaluate the
potential impacts to human health and the environment (DOE 1995a).
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Most monitor wells installed during the pre-1990 investigations were decommissioned during the
surface remedial actions at the site. The 62 monitor wells presently available for sampling are
identified on Plate 1 as monitor wells 100 through 113 near the former mill site; monitor wells
701 through 703, 705, and 707 through 709 near the Little Wind River; monitor well 706 on the
south side of the river; monitor wells 710 through 715 along the former C&NW Railroad
right-of-way northwest of the site; and monitor wells 716 through 730 within and downgradient
of the site. Monitor well 704, south of Highway 137, is not currently available for sampling
because of a dispute with the landowner.

Selected monitor wells from each of these groups have been sampled during the last several years
and will continue to be sampled in the future to monitor changes in ground-water quality and
water levels. Construction details for these wells are presented on Table 4–2. Data on the
decommissioned wells are given in the Surface Remedial Action Plan (DOE 1987b).

Between 1988 and 1990, the uranium mill was demolished and the tailings pile and contaminated
soils were removed from the site and surrounding area. The soils were excavated until the radium
concentrations were less than 5.0 picocuries per gram (pCi/g) in the first 6 inches (15 cm) in
accordance with UMTRA guidelines (40 CFR 192.12) (Figure 4–1). Approximately
1.8 million yd3 (1.4 million m3) of contaminated material was removed from the site and
disposed of at Umetco's Gas Hills Disposal Site (Figure 3–1). The excavation was backfilled
with clean fill. The finished land surface was graded to form a crown and planted with rye grass.
Surface remediation was completed in November 1989.

4.3  Conceptual Site Model

This section presents the conceptual site model and describes the hydrogeologic settings, the
ground water quality, the geochemical properties of the aquifer that control the fate and transport
of contaminants, and the risks associated with the contaminants. A summary of the site
conceptual model is presented below; details are presented in subsequent subsections. Plate 1
shows the locations of all the ground water monitoring wells, domestic wells, and surface water
sampling locations used to develop the model.

Ground water occurs in an unconfined surficial aquifer, an underlying semiconfined sandstone
aquifer, and a deeper confined sandstone aquifer. The surficial and semiconfined aquifers are, for
regulatory purposes, designated as the uppermost aquifer. These aquifers are recharged primarily
by inflow from the Wind River to the northwest and from excess irrigation water. Ground water
in the surficial aquifer is the more contaminated, and some contamination exists in the
semiconfined aquifer. No contamination has been detected in the deep confined aquifer. Potable 
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Table 4–2. Monitor Well Information, Riverton Site

ID
No.

Ground
Elev.
(ft)

Bore
Depth

(ft)

Bore
Dia.

(inches)

Top of
Casing
Elev.
(ft)

Casing
Dia.

(inches)

Screened
Interval

(ft below
ground surface)

Filter Pack
Interval

(ft below ground
surface)

Zone of
Completion

100 4946.1 17.0 11.0 4646.73 6.0 6.0 –14.0 4.0 – 17.0 Surficial

101 4946.2 17.5 6.0 4949.29 2.0 10.5 – 15.5 5.5 – 17.5 Surficial

102 4946.3 17.5 6.3 4949.38 2.0 10.0 – 15.0 6.5 – 17.0 Surficial

103 4946.0 17.0 6.3 4949.00 2.0 10.0 – 15.0 6.5 – 17.0 Surficial

104 4945.3 15.5 6.3 4945.90 2.0 8.5 – 13.5 6.5 – 15.5 Surficial

105 4946.3 17.5 6.3 4949.58 2.0 10.5 – 15.5 6.0 – 17.5 Surficial

106 4946.2 100.0 6.0 4949.25 2.0 49.5 – 54.5 35.0 – 56.5 Semiconfined

107 4946.0 67.0 6.0 4948.81 2.0 49.5 – 54.5 36.5 – 56.5 Semiconfined

108 4946.2 56.0 6.0 4949.68 2.0 48.5 – 53.5 35.5 – 56.5 Semiconfined

109 4945.8 58.0 6.0 4949.31 2.0 49.0 – 54.0 40.0 – 56.0 Semiconfined

110 4946.2 72.0 6.0 4949.48 2.0 61.3 – 66.5 59.0 – 72.0 Confined

111 4946.1 56.0 9.8 4947.39 6.0 39.0 – 54.0 36.0 – 56.0 Semiconfined

112 4946.2 32.0 10.0 4947.79 6.0 8.5 – 28.5 5.0 – 32.0 Surficial

113 4946.2 34.0 6.0 4949.40 2.0 21.0 – 26.0 5.0 – 34.0 Surficial

701 4930.2 228.0 6.0 4931.27 2.0 25.4 – 30.4 23.0 – 31.0 Aquitard

702 4930.2 215.0 6.0 4931.70 2.0 39.2 – 44.2 35.5 – 45.5 Semiconfined

703 4930.2 214.0 6.0 4931.53 2.0 93.0 – 98.0 87.0 – 98.0 Confined

704 4935.1 211.0 6.0 4936.30 2.0 31.2 – 36.2 30.5 – 39.0 Semiconfined

705 4930.1 50.0 10.0 4931.59 6.0 38.0 – 48.0 35.5 – 50.0 Semiconfined

706 4931.1 21.5 6.0 4932.00 2.0 14.5 – 19.5 12.8 – 21.5 Surficial

707 4930.4 18.0 6.0 4931.00 2.0 9.8 – 14.8 7.5 – 16.8 Surficial

708 4930.3 28.0 6.0 4931.59 2.0 25.5 – 26.5 25.5 – 28.0 Aquitard

709 4930.2 111.0 10.0 4931.43 6.0 85.0 – 105.0 84.0 – 111.0 Confined

710 4947.2 20.0 6.0 4947.90 2.0 11.2 – 16.2 8.0 – 20.0 Surficial

711 4943.5 21.5 6.0 4944.50 2.0 10.8 – 15.8 6.0 – 21.5 Surficial

712 4943.5 19.5 6.0 4944.50 2.0 10.6 – 15.6 10.0 – 19.5 Surficial

713 4941.6 16.5 6.0 4942.70 2.0 9.5 – 14.5 4.5 – 16.5 Surficial

714 4941.2 18.0 6.0 4942.10 2.0 11.0 – 16.0 10.0 – 18.0 Surficial

715 4938.5 18.5 6.0 4939.40 2.0 11.5 – 16.5 6.8 – 18.5 Surficial

716 4936.4 12.5 6.0 4939.12 2.0 7.5 – 12.5 5.5 – 12.5 Surficial

717 4936.4 50.0 6.0 4938.80 2.0 37.5 – 47.5 29.0 – 49.5 Semiconfined

718 4937.0 18.0 6.0 4937.18 2.0 13.0 – 18.0 10.0 – 18.0 Surficial
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Screened
Interval
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719 4936.8 40.0 6.0 4936.94 2.0 28.0 – 38.0 23.0 – 40.0 Semiconfined

720 4937.9 10.5 6.0 4940.46 2.0 5.5 – 10.5 3.5 – 10.5 Surficial

721 4937.9 49.0 6.0 4940.47 2.0 37.0 – 47.0 27.0 – 49.0 Semiconfined

722 4935.2 18.0 6.0 4935.35 2.0 6.0 – 16.0 4.0 – 18.0 Surficial

723 4935.0 49.0 6.0 4935.26 2.0 35.5 – 45.5 31.0 – 47.5 Semiconfined

724 4939.4 16.0 6.0 4941.36 2.0 11.0 – 16.0 6.0 – 16.0 Surficial

725 4939.4 38.0 6.0 4941.36 2.0 24.5 – 34.5 19.5 – 36.5 Semiconfined

726 4939.5 133.0 6.0 4942.00 2.0 121.0 – 131 80.0 – 133.0 Confined

727 4949.5 40.0 6.0 4951.69 2.0 27.0 – 37.0 21.5 – 39.0 Semiconfined

728 4943.9 24.0 6.0 4946.01 2.0 12.0 – 22.0 9.0 – 24.0 Surficial

729 4932.1 17.0 6.0 4932.07 2.0 9.0 – 14.0 8.0 – 14.0 Surficial

730 4932.5 40.0 6.0 4932.48 2.0 28.0 – 38.0 21.0 – 40.0 Semiconfined

731* 4945.5 18.0 12.0 4945.5 4.0 2.0 – 11.4 NA Surficial

732* 4945.1 40.0 8.0 4945.1 4.0 2.5 – 4.0 NA Semiconfined

733* 4944.3 NA 12.0 4946.8 4.0 7.5 – 12.5 NA Surficial

734* NA 41.0 8.0 4946.1 4.0 25.1 – 40.1 NA Semiconfined

735* NA 44.0 8.0 4934.2 4.0 27.5 – 42.5 NA Semiconfined

736* NA 38.0 8.0 4946.0 4.0 18.6 – 33.6 NA Semiconfined

737 4930.8 19.0 10.0 4933.6 6.0 6.6 – 18.6 4.5 – 19 Surficial

738 4935.6 12.5 12.0 4937.6 6.0 5.0 – 12.5 3.5 – 12.5 Surficial

739* 4936.3 48.0 10.0 4937.8 6.0 21.2 – 46.2 NA Semiconfined

780 4936.5 12.5 6.6 4938.5 2.0 5.5 – 12.5 3.5 – 12.5 Surficial

781 4936.1 12.5 6.6 4938.1 2.0 5.5 – 12.5 3.5 – 12.5 Surficial

782 4936.3 12.5 6.6 4938.3 2.0 5.5 – 12.5 3.5 – 12.5 Surficial

783* 4943.2 8.4 8.0 4945.4 2.0 3.4 – 8.4 NA Surficial

784* 4943.1 9.4 8.0 4945.5 2.0 4.4 – 9.4 NA Surficial

785 4930.8 16.0 8.0 4932.8 2.0 3.6 – 15.6 1.5 – 16.0 Surficial

786 4930.9 16.0 8.0 4932.6 2.0 4.1 – 15.6 1.5 – 16.0 Surficial

787 4930.7 16.0 8.0 4932.4 2.0 3.6 – 15.6 1.5 – 16.0 Surficial

788* 4932.4 16.5 8.0 4935.1 2.0 4.1 – 16.1 NA Surficial

789* 4935.5 16.8 8.0 4933.7 2.0 4.4 – 16.4 NA Surficial
*Logs not available, information taken from SEE UMTRA database.
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water in the Riverton area is withdrawn from the Wind River and from the confined sandstone
aquifer. Ground water from the surficial and semiconfined aquifers is presumed to discharge into
the Little Wind River, including the newly formed oxbow lake. Some ground water may also
discharge to the wetlands southeast of the site. Figure 4–2 is a representation of the site
conceptual model.

Ground water analyses indicate that the contaminated ground water extends from the former
tailings pile area to the Little Wind River, approximately 4,000 ft (1,200 m) southeast of the
former tailings pile. Data on water quality and flow in the Little Wind River demonstrate that the
river dilutes the discharging ground water to below concentrations that present risks to human
health, wildlife, or the environment. The surface of the river is topographically lower compared
to the ground water elevations on either side of the river. As a result, it is unlikely that the
contaminated ground water plume extends beneath the river.

Data collected between 1983 and 1997 suggest that the natural ground water flow, probably
enhanced by infiltration from irrigation canals along the upgradient side of the former mill site, is
flushing contaminants out of the uppermost aquifer into the Little Wind River. Ground water
modeling indicates that the mass of contaminated ground water should flush to the river within
100 years. It is anticipated that geochemical reactions as well as dilution and dispersion are also
effective in reducing the concentrations beneath and downgradient of the site. Institutional
controls implemented to prevent use of the contaminated ground water during the remediation
period and the installation of the alternative water supply will avoid risks to human health.

4.3.1  Hydrogeologic Setting

The five hydrogeologic units of interest underlying the Riverton site (in descending order) are
(1) a surficial aquifer, unconfined alluvial and sandstone aquifer, (2) a leaky shale aquitard,
(3) a semiconfined sandstone aquifer, (4) a second, more impermeable shale aquiclude, and
(5) a confined sandstone aquifer (Figure 4–3, Geologic Cross Section). The rock units compose
the upper units of the Eocene-age Wind River Formation.

Water level data collected from 1984 through 1997 indicate a hydrogeologic connection between
the surficial aquifer and the underlying semiconfined aquifer. Analytical data also suggest a
connection between the two zones. Figure 4–4 shows hydrographs for monitor wells completed
in the surficial, semiconfined, and confined aquifers. The 1991 water level decrease associated
with well 709 (completed in the confined aquifer) may be in response to pumping from a private
well in that vicinity.

Data logger readings indicate that the ground water levels beneath the site fluctuate seasonally.
Flooding on the Wind River and Little Wind River during the spring of 1995 resulted in an
increase in the ground water level by as much as 4 ft. Hydrographs showing the water levels
measured in nested wells in the surficial and semiconfined aquifers indicate that water levels are
nearly identical (Figure 4–4), while the water levels in the confined aquifer are generally higher
than water levels in either of the two overlying aquifers. The surficial and semiconfined aquifers
show similar water level responses with time. The one exception is the confined aquifer water
level near the Koch Sulfur Products Plant, which may be influenced by the deep pumping well
supplying the plant.
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Analyses for deuterium and oxygen-18 isotopes indicate that ground water in all three aquifers in
the vicinity of the site is isotopically similar (White et al. 1984). White postulates that from the
slightly depleted ratios of deuterium and oxygen-18, the source of ground water for all three
aquifers is the Wind River Mountains to the west. This suggests that there is a common source of
recharge.

Surficial Aquifer

The surficial unconfined aquifer consists of 15 to 20 ft (5 to 6 m) of alluvial sand and gravel
underlain by a discontinuous layer of sandstone. The sandstone layer exists both north and south
of the former tailings pile, but pinches out and is absent for approximately 1,500 ft (500 m) south
of the southern edge of the pile. There is no aquitard between the alluvial sediments and this
sandstone layer.

Water levels collected from data loggers indicate that the ground water levels beneath the site
fluctuate seasonally. The ground water surface in the surficial aquifer based on the February 1997
data ranged in elevation from 4,924.8 ft (1,501.1 m) above MSL to 4,944.6 ft (1,507.1 m) above
MSL (wells 789 and 700, respectively). The ground water flow direction in the site area is
east-southeast with a horizontal gradient of 0.0032, as shown in Figure 4–5. Depth to surficial
ground water ranged from approximately 3 to 10 ft below ground surface during the February
1997 data collection time period.

Previous data indicate a seasonal change of ground water flow direction. In March 1993, ground
water flowed east-southeast with a horizontal gradient of 0.0024. Subsequent data collected in
June 1994 indicated a ground water flow toward the south with a horizontal gradient beneath the
site of 0.0034. July 1995 data show a ground water flow direction to the south-southeast, but
with a shallower horizontal gradient of 0.0026. Infiltration from nearby canals may form
hydraulic boundaries that limit the movement of ground water to the east during the irrigation
season.

Responses to surface water fluctuations (the result of flooding or irrigation) have been detected
in both the surficial and semiconfined aquifers. In June 1994, the ground water level in these two
aquifers at the northern edge of the site had risen 2 ft (0.6 m) above the March 1993 level in
response to infiltration from the nearby irrigation canal (Figure 4–4). Water levels in both
aquifers near the middle and at the southeastern corner were about the same as in March 1993,
indicating hydraulic connection between the surficial and semiconfined aquifers in this area.
During 1995, the ground water levels increased by as much as 4 ft (1.2 m) in response to flooding
of the Wind River and Little Wind River. The water levels measured in nested wells in the
surficial and semiconfined aquifers were nearly identical, providing further evidence of
the hydraulic connection between the surficial and semiconfined aquifers.

Ground water in the surficial aquifer discharges predominantly to the Little Wind River along
approximately one mile of its course, including into the oxbow lake formed in 1994. When the
irrigation canals are not in use, some of the ground water in the surficial aquifer may also
discharge into the wetlands to the east. When the irrigation canals are in use, the water level in
the wetlands may be high enough to reverse the flow direction and recharge the surficial aquifer.
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As part of the initial site characterization conducted before 1995, two aquifer tests were
completed; one test was conducted in the surficial aquifer and the second was conducted in the
semiconfined aquifer. Analysis of the data indicated a hydraulic conductivity of approximately
56 feet per day (ft/day) and 30 ft/day for the surficial and semiconfined aquifer locations,
respectively (Table 4–4).

The results of tracer tests, aquifer pumping tests, and slug tests are summarized in Tables 4–3,
4–4, and 4–5 (locations provided in Plate 1). These results indicate that the surficial aquifer
underlying the former location of the tailings piles and the area downgradient towards the Little
Wind River has a hydraulic conductivity ranging from 100 to 189 ft/day (30.5 to 58 m/day), with
a geometric mean of 125 ft/day (38 m/day).

Table 4–3. Tracer Test Results

Associated
Pumping
Well ID

Convergent
Tracer

Injection Well
ID

Effective
Porosity

n

Dilution
Tracer

Injection Well
ID

Darcian
Velocity
(ft/day)

Effective
Velocity
(ft/day)

100 102 0.38 104 0.38 1.00

100 102 0.38a 783 0.16 0.42a

738 780/782 0.22 716 0.12 0.55

737 785/707 0.32b 722 1.13 3.53b

737 785/707 0.32 785/787 0.91 2.84

Arithmetic Average 0.3 0.5 1.7

Geometric Mean 0.3 0.4 1.2
aSince a convergent tracer test was not run at well 783, the effective porosity for the 100 well cluster was used with the Darcian
velocity from well 738 to calculate the effective velocity at well 783.

bSince a convergent tracer test was not run at well 722, the effective porosity for the 737 well cluster was used with the Darcian
velocity from well 722 to calculate the effective velocity at well 722.

Notes:
K = (V)(n)/i = (1.2)(.3)/0.0031 = 120 ft/day
1Gradient from 1997 ground water contour map.

Tracer tests were conducted to collect data to evaluate the feasibility of natural flushing in the
surficial aquifer. These ground water tracer tests allowed direct measurement of aquifer porosity
and Darcian ground water velocity. The hydraulic conductivity can also be calculated using these
parameters. Based on the geometric mean of the effective velocity generated from the results of
the tracer tests (1.2 ft/day), the hydraulic conductivity is 120 ft/day. This hydraulic conductivity
is similar to the geometric mean of the hydraulic conductivity calculated from the aquifer tests
(125 ft/day).

Tracer test results indicated an effective porosity for the aquifer ranging from 0.22 to 0.38; the
resulting geometric mean was 0.3. Using an average gradient of 0.003, the calculated ground
water flow velocity is approximately 455 ft/yr (140 m/yr). At these rates, it can be estimated that
one pore volume of water will move from beneath the upgradient edge of the former tailings pile 
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Well
No.

Total
Dept

h
(ft)

Borehole
Radius

(ft)

Casing
Radius

(ft)

Screen
Length

(ft)

Sand 
Pack
(ft)

Saturated
Thickness
(ft) (b = H)

Start WL
(ft)

(fm TOC) Date

K
(ft/day)

Geo. Mean Location

Surficial Aquifer

718 18 0.25 0.08 5 8 ~12.3 ~5.73 19 Sept 95 0.6 S of site

722 18 0.25 0.08 10 14 ~12 6.08 19 Sept 95 2.3 SE of site

724 16 0.25 0.08 5 10 ~10.4 ~5.6 20 Sept 95 5.9 NE

728 24 0.25 0.08 10 15 ~16 ~6.1 20 Sept 95 16.9 N

729 17 0.25 0.08 5 6 ~10.4 ~6.6 19 Sept 95 5.4 E of site

780 12.5 0.33 0.08 7 9 8.2 7.2 18 Sept 95 14.6 SE - Vicinity 738

781 12.5 0.33 0.08 7 9 8.2 6.73 18 Sept 95 112.5 SE - Vicinity 738

782 12.5 0.33 0.08 7 9 8.2 7.05 18 Sept 95 30.3 SE - Vicinity 738

783 8.4 0.33 0.08 5 6.9 ~3.1 7.53 18 Sept 95 128.1 SW - Vicinity 731/732

784 9.4 0.33 0.08 5 7.6 ~4.2 7.64 18 Sept 95 135.5 SW - Vicinity 731/732

785 16 0.33 0.08 12 14.5 11 7.36 19 Sept 95 15.1 SE of site - Vicinity 737

786 16 0.33 0.08 11.5 14.5 11 8.05 19 Sept 95 293.8 SE of site - Vicinity 737

787 16 0.33 0.08 12 14.5 11 6.92 19 Sept 95 180.1 SE of site - Vicinity 737

788 16.5 0.33 0.08 12 15 ~10.3 8.93 19 Sept 95 13.4 S of site

789 16.8 0.33 0.08 12 15.3 19 Sept 95 NA SE of site

Semiconfined Aquifer

717 50 0.25 0.08 10 20.5 28 7.36 18 Sept 95 1.0 SE - Vicinity 738

719 40 0.25 0.08 10 17 18 5.26 19 Sept 95 0.03 S of site

723 49 0.25 0.08 10 16.5 27 5.82 19 Sept 95 NA SE of site

725 38 0.25 0.08 10 17 19 7.48 20 Sept 95 5.9 NE

727 40 0.25 0.08 10 17.5 18 8.96 18 Sept 95 1.0 NW

730 40 0.25 0.08 10 19 17 3.03 19 Sept 95 0.2 E of site

NA = Not available.

Table 4–5. Slug Test Results, Riverton Site
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to the Little Wind River in 10 to 15 years. Approximately eight pore volumes will flush beneath
the site within 100 years.

The calculated rate of ground water flow predicts that approximately 23,800 ft3 (675 m3) of
ground water will enter the river each day along a mile section of the Little Wind River's course.
This volume equals approximately 0.28 ft3/s (7.8 × 10–3 m3/s). For comparison, the average
annual flow in the river has been 579 ft3/s (16.4 m3/s) with a historic minimum flow (since 1995)
of 41 ft3/s (1.16 m3/s) on August 7, 1960 (USGS 1993). As a result, ground water contribution is
a minimal part of the total flow in the Little Wind River.

Semiconfined Aquifer

A semiconfining shale unit underlies the surficial aquifer. This leaky aquitard ranges in thickness
from 5 to 10 ft (2 to 3 m). A semiconfined sandstone unit underlies this shale layer. The
sandstone unit ranges in thickness from 15 to 30 ft (5 to 9 m) and is continuous throughout the
Riverton site.

The shale aquitard does not appear to completely separate the two units. The piezometric heads
in the surficial and semiconfined aquifers are nearly identical in most areas, as shown in
Figure 4–6. In addition, the hydrographs (Figure 4–4) suggest a hydraulic connection, although
no significant water level changes were noted in monitor wells in the surficial aquifer during the
semiconfined aquifer test. The evidence of contamination by site-related constituents also
indicates a connection between the two.

Data from aquifer pumping tests and slug tests (Tables 4–4 and 4–5) conducted in the
semiconfined aquifer indicate that the hydraulic conductivity ranges from 0.03 to 30 ft/day (0.009
to 9 m/day). If porosity is about 15 percent, which is typical of sandstones (Freeze and Cherry
1987), and the gradient is 0.0024, it is projected that the ground water will move with a velocity
that ranges from 0.175 to 175 ft/yr (0.06 to 60 m/yr). At the highest calculated rate (175 ft/yr),
approximately one pore volume of ground water will flush through the semiconfined aquifer
beneath the site every 25 years. Ground water in the semiconfined sandstone also appears to
discharge into the Little Wind River. The maximum rate of discharge from the semiconfined area
is approximately 0.1 ft3/s (3 × 10-3 m3/s).

Confined Aquifer

Approximately 10 to 25 ft (3 to 8 m) of shale aquitard with discontinuous sandstone lenses
underlies the semiconfined sandstone. The confined sandstone aquifer underlies the shale
aquitard. The sandstone is at least 50 ft (15 m) thick. Water level data from monitor wells
completed in the confined sandstone aquifer indicate that ground water flow in this unit is to the
south-southeast with a gradient of approximately 0.002 (Figure 4–7). No aquifer tests have been
performed in the confined aquifer.
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Vertical Gradients

Water levels observed in the monitor wells do not conclusively define the vertical ground water
gradient between the aquifers. For example, in the well cluster south of the site near the Little
Wind River, the piezometric head in deep monitor well 703 (4,928.31 ft [1,503.14 m] above
MSL) exhibits an upward flow from the lower confined sandstone aquifer to the shallower
aquifers (4,926.05 ft [1,501.46 m] above MSL) in monitor well 707. In contrast, the piezometric
head in the nearby deep monitor well 709 (4,924.65 ft [1,501.03 m] above MSL) exhibits a
downward flow even though it is screened at approximately the same depth. While vertical
gradients between the surficial and semiconfined aquifers and the confined sandstone aquifer
have not been conclusively defined, none of the samples from the deep monitor wells have
shown any degradation in water quality that could be associated with the former milling
operations. Furthermore, observation wells screened in the confined aquifer did not fluctuate
during the aquifer test in the overlying semiconfined aquifer.

The 1995 topographical survey shows that ground water levels in surficial aquifer wells located
on both sides of the Little Wind River are higher than the water level in the river. As a result, it is
unlikely that the contaminant plume is migrating beneath the Little Wind River to affect the
water quality on the south side of the river.

Figure 4–8 is a trilinear diagram created using ground water and surface water analytical data.
Wells 707, 718, 722, and 781 are located north of the Little Wind River, inside the surficial
aquifer ground water plume area. Well 706 is located just south of the Little Wind River, and
sampling locations 794 and 796 are located along the river upgradient and downgradient
(respectively) of where the surficial aquifer ground water plume is in contact with the river.
Sampling location 747 is associated with the oxbow lake formed in 1994 as a result of a shift in
the course the river. As the trilinear diagram shows, the chemistry of water from well 706 is more
similar to that in surface water than to the chemistry of ground water migrating off the site. This
is especially evident in a comparison of TDS concentrations of ground water and surface water
samples, which provides further evidence that ground water migration beneath the Little Wind
River is unlikely.

Figure 4–8 also shows that surface water in the oxbow lake (sampling location 747) is influenced
by discharge from the surficial aquifer. Water from surface water location 747 plots in the same
area as the water from wells completed within the contaminant plume in the surficial aquifer.

4.3.2  Background Water Quality

Background ground water quality is the quality of ground water that would be present if uranium
milling activities had not taken place. Table 4–6 lists the ranges and median background
concentrations of the milling-related constituents measured in the surficial, semiconfined, and
confined aquifers.

Surficial Aquifer

Water from wells 710, 711, 712, 713, 714, 715, 724, and 728 (Plate 1) represent background
ground water quality because of their position upgradient from the former processing site and the 
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low concentrations or absence of milling-related constituents in ground water samples.
Background ground water in the surficial aquifer is a moderately oxidizing, calcium-sulfate-
bicarbonate water characterized by near-neutral pH, ranging from 7.1 to 7.6, and low TDS.

Semiconfined Aquifer

The background wells in the semiconfined aquifer are 725 and 727. Water from these wells does
not show evidence of effects from the site, and the wells are located upgradient from the former
tailings pile. However, they are within the designated site boundary along the northern perimeter
(Plate 1) in an area that may have been affected by processing site activities.

Background ground water of the semiconfined aquifer can be described as a moderately
oxidizing, sulfate-bicarbonate-calcium-sodium type with a slightly basic pH.

Confined Aquifer

Background ground water quality of the confined aquifer was determined from monitor well 726
located northwest and upgradient of the remediated tailings pile. Ground water in the confined
aquifer is a moderately oxidizing sodium-sulfate water characterized by low TDS and high pH
(9.3 to 9.9).

4.3.3  Extent of Contamination

The extent and distribution of milling-related contamination in the surficial, semiconfined, and
confined aquifers and the surface water and sediments is presented in the following sections.

The centroid of the contaminant plumes in the surficial and semiconfined aquifers is currently
located between the site and the Little Wind River, suggesting that the original pulse of
contamination is moving with the ground water flow. This evidence provides a partial basis for
the selection of natural flushing as the proposed ground water compliance strategy.

Surficial Aquifer

Fifteen surficial aquifer monitor wells were sampled in 1997 and analyzed for the COPCs
identified in Table 4–7. Of the COPCs listed in Table 2–1, only two (molybdenum and uranium)
had concentrations that exceeded the MCLs. Molybdenum exceeded the MCL at five locations;
uranium exceeded the MCL at seven locations. Those COPCs without MCLs, but with secondary
standards, that exceeded their respective background values, as observed in upgradient
background monitor well locations, were lead-210 (three locations), nickel (three locations),
sulfates (four locations), and polonium-210 (two locations).

Ground water contamination in the surficial aquifer downgradient from the former processing
site (monitor wells 722 and 707) is characterized by elevated concentrations of several COPCs.
Figures 4–9, 4–10, and 4–11 show the concentrations of molybdenum, sulfate, and uranium,
respectively, in surficial ground water for samples collected in 1997. The other contaminants are
not present in sufficient, widespread concentrations to be depicted; however, these are discussed 
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Table 4–7. Contaminants of Potential Concern in Surficial Ground Water, Riverton Site

Contaminants that
Exceed Background

Contaminants in
Nutritional Range

Contaminants of Low
Toxicity and/or High

Dietary Range
Contaminants of

Potential Concern

Aluminum Calcium Aluminum Arsenic

Arsenic Chloride Boron Lead-210

Boron Fluoride Bromide Manganese

Bromide Iron Magnesium Molybdenum

Calcium Potassium Selenium Nickel

Chloride Zinc Silica Polonium-210

Fluoride Sodium Sulfate

Iron Strontium Thorium-230

Lead-210 Uranium

Magnesium Vanadium

Manganese

Molybdenum

Nickel

Polonium-210

Potassium

Selenium

Silica

Sodium

Strontium

Sulfate

Thorium-230

Uranium

Vanadium

Zinc
aContaminants of potential concern are determined by eliminating the contaminants listed in columns 2 and 3 from the list in column
1.
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below. The figures indicate contaminant migration southeast from the site, toward the Little
Wind River.

Contaminant movement through the surficial aquifer was evaluated by observing molybdenum,
sulfate, and uranium concentrations throughout the site and southeast to the Little Wind River.
Figures 4–12, 4–13, and 4–14 show the concentrations of molybdenum, sulfate, and uranium,
respectively, in the surficial aquifer with respect to time. The analytical data are presented in
Appendix B–2. Monitor wells 101, 722, and 707 were chosen for the evaluation because they
approximately parallel the flow direction from the site to the Little Wind River. Slightly elevated
contaminant concentrations were detected in samples from monitor well 101, which is located
upgradient of the former tailings pile, but downgradient of the former ore storage area. Analytical
data for ground water collected from 1983 to 1997 from well 101 were compared over time and
indicate that there is no significant change in contaminant concentrations. This indicates that the
primary source of the surficial aquifer contaminants is most likely the former tailings pile, which
was downgradient of monitor well 101. Based on 1997 analytical data, only uranium exceeds the
MCL in monitor well 101.

Contaminant concentrations in ground water from monitoring well 722, located directly
downgradient of the site, are higher than those of monitor well 101. The data indicate that
molybdenum and uranium exceed their respective MCLs , and remain at approximately the same
concentrations as when sampling began in 1993 (Figure 4–12). Sulfate and lead-210 both exceed
their respective maximum background concentrations (shown in Table 4–6) in monitor well 722.
Sulfate also remains at approximately the same concentration as when sampling began in the
well, but remains at a relatively higher concentration when compared to concentrations in
monitor well 101 (Figures 4–13 and 4–14). The elevated concentrations of sulfate and uranium in
the monitor well indicate that the sulfate and uranium plumes appear to be moving at a slower
rate than the molybdenum plume. Because of the lack of high molybdenum concentrations in the
well, it appears that the centroid of the molybdenum contaminant plume migrated downgradient
toward the Little Wind River prior to the well installation.

An evaluation of contaminant concentrations in ground water from monitoring well 707 over
time (Figure 4–12) indicates increasing concentrations of molybdenum. Sulfate and uranium
concentrations have increased since sampling was initiated in 1987 in the well, but have since
decreased to approximately those concentrations observed in 1987. Molybdenum and uranium
exceed their respective MCLs; nickel, polonium-210, and sulfate exceed their respective
maximum background values in the monitor well. Water from this well generally exhibits the
highest contaminant concentrations associated with the surficial ground water in the site area.
These concentrations indicate that the centroid of the contaminant plume is most likely near the
well and migrating toward the Little Wind River.

Semiconfined Aquifer

Ground water in the semiconfined aquifer is also contaminated directly beneath and
downgradient from the processing site. The potentiometric surface of the semiconfined aquifer is
presently about the same as that of the surficial aquifer in the vicinity of the abandoned mill site.
When the mill was in operation, however, drainage from the tailings pile would have mounded
the ground water in the surficial aquifer, resulting in a downward vertical gradient. This vertical 
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hydraulic gradient has resulted in the contamination of the semiconfined aquifer. Milling-related
contamination in the semiconfined aquifer is represented by water quality data from monitor
wells 717 and 723 (Appendix B–2). The most recent sampling in February 1997 showed that
sulfate and manganese exceed their respective maximum background concentrations in both
monitor wells. Uranium and molybdenum are less than their respective MCLs in both monitor
wells. Concentrations for all constituents are generally lower than those detected in the surficial
aquifer (Table 4–6). Sulfate concentrations in the semiconfined aquifer from samples collected in
1993 and 1997 are shown in Figure 4–15. These contours indicate that contamination in the
semiconfined aquifer is also moving off site southeast toward the Little Wind River.
Concentrations of the other constituents were not sufficiently well distributed to create similar
figures.

Confined Aquifer

Ground water quality data from upgradient, on site, and downgradient monitor wells (monitor
wells 726, 110, and 709, respectively) indicate that this aquifer has not been affected by milling
activities. The water quality in the confined aquifer is similar to background water quality.

Surface Water

Surface-water sampling has been conducted regularly throughout the site to determine the effect
of ground water migration into the Little Wind River, nearby wetlands areas, and the oxbow lake,
which was formed in 1994. Sampling was conducted in 1995 as an extension of the screening
level sampling that took place in 1993, that was reported in the BLRA (DOE 1995a). Surface
water quality data from samples collected throughout the site indicate that the surface water
bodies have been impacted by the site contaminants. However, data collected in 1997 indicates
that the concentrations of contaminants in surface water are generally decreasing at most sample
locations.

Little Wind River

Data collected from location 742 (Plate 1) in 1993 indicated uranium concentrations in the
surface water in the Little Wind River were 0.025 mg/L, which was approximately one order of
magnitude higher than concentrations at the upstream background location 794 (0.002 mg/L).
Approximately 4,500 ft (1,372 m) downstream (location 796), uranium concentrations in surface
water decreased to background levels. On the basis of this distribution of contaminant
concentrations, the 1993 data indicated that the Little Wind River was diluting discharging
contaminated ground water to background concentrations downgradient of the site. However, no
site related contaminants were detected in the river water in 1995 and 1997. Location 747, which
was along the river in 1993, is currently in the Oxbow Lake, which was formed by a shift in the
river path in 1994. In 1995, water samples were collected from this oxbow lake at location 747.
These are discussed below. Data collected from location 742 in 1993, 1995, and 1997 indicate
that uranium concentrations have decreased over time.
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Oxbow Lake

Data from 1995 indicate that concentrations of iron (1.1 mg/L), manganese (2.5 mg/L), and
uranium (0.639 mg/L) in surface water from the Oxbow Lake were one to two orders of
magnitude higher than concentrations in the river. Data from 1997 indicate that concentrations of
manganese (0.880 mg/L), sulfate (656 mg/L), uranium (0.217 mg/L), and TDS (530 mg/L) have
decreased in the oxbow lake since 1995 (Table 4–8 and Appendix C). In 1995, the concentration
of sulfates in the oxbow lake was 2,500 mg/L; however, the 1997 data indicated sulfate
concentrations have decreased to 656 mg/L. Data collected during 1995 for TDS (3,900 mg/L)
was nearly six times the concentration in the oxbow than in the river, but these concentrations
decreased to 1,240 mg/L in 1997. The data indicate that the surficial aquifer is discharging
contaminated ground water into the oxbow lake, and that concentrations of the COPCs are
decreasing over time in the oxbow lake. This may indicate that the original pulse of site-related
contaminants has already been discharged to the oxbow lake and the Little Wind River.

Concentrations of COPCs at location 747 are lower than concentrations in surficial aquifer
monitor well 707. Additional monitoring of the oxbow lake is necessary to determine if the
decreasing contaminant concentrations are due to the natural flushing process or if seasonal
variations in ground water and surface flow influence the contaminant concentrations in the
surface water. Future surface water monitoring is discussed in Section 5.3.

West Side Irrigation Ditch

Samples of surface water were collected in 1995 and 1997 from the Koch Ditch (location 749),
downstream from where the Koch Ditch discharges to the West Side Irrigation Ditch
(location 795), and an upstream background location (location 741). The 1997 data indicate that
concentrations of iron, manganese, sulfate, and TDS exceed the concentrations in the background
location, and are generally lower in concentration compared to the 1995 data. However, the
elevated concentrations of COPCs are not due to site related contaminants, and originate from a
source other than the former mill tailings site. This is based on the fact that the plume flow
direction is to the southeast, away from the West Side Irrigation Ditch.

Until approximately 1990, the effluent from the Koch Ditch followed a stream that led directly
into the Little Wind River; sample location 743 is adjacent to this drainage. There was no surface
water present at this sample location in 1995 and 1997, and the only surface water data available
for this sample location is from 1993.

East Irrigation Ditch

The East Irrigation Ditch traverses the north end of the site and then moves southeast across the
site. Sample location 748 is located in the ditch along the northern boundary of the site, location
744 is located in a side channel on the site, and location 746 is located in a wetlands southeast of
the site. Surface water sampled in 1997 at locations 744 (on site) and 746 (downgradient wetland
area) indicate that concentrations of manganese and uranium exceeded the background
concentrations at location 748.
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Table 4–8. Constituents Detected in Surface Water Bodies Sampled in September 1995 and 1997 at
the Riverton Site

Constituents
(mg/L)

River Iron Manganese Strontium Sulfate Uranium
Total

dissolved
solids

Location

794 (upriver) 0.16 0.0228a 1.0 185a 0.0059a 513a

742 (crossgradient) 0.38 0.0047b 1.1 99.0b 0.0023b 258b

796 (downriver) 0.17 0.0179a 1.0 230a 0.0060a 530a

Oxbow lake

747 1.1 0.880b 2.7 656b 0.217b 1,240b

West irrigation ditch

741 (upstream) 0.04 0.0195b 0.89 99b 0.0025b 330b

795 (downstream) 0.19 0.0368a 0.76 1,690a 0.0038a 3,540a

749 (Koch ditch) 4.5 0.0307a 0.07 1,960a 0.0010a

(ND)
4,080a

East irrigation ditch

748 (upstream) 0.54 0.02 0.65 140 0.004 310

744 (on-site) 0.18 0.104b 0.43 37.3b 0.0042b 270b

746 (wetland
downgradient)

ND 0.0127b 0.54 33.10b 0.0013b 210b

Aquatic criteriac

Chronic 1.0 NA NA NA NA NA

Acute NA NA NA NA NA NA

GW 0.5 1.0 NA NA 0.03–1.4 500–2,000

Irrigation water guidelined 5.0 0.2 NA 200 5.0 2,000

Livestock watering guidelined NA NA NA 3,000 5.0 5,000

Terrestrial plants benchmarke 10 4 NA NA 40 NA

Wildlife benchmarkf NA 448 750 NA 3.8 NA
a Data from samples collected in February 1997.
b Data from samples collected in July 1997.
c WDEQ 1990.
d WDEQ 1993.
e Will and Suter 1994.
f Opresko et al. 1994.

NA = not available.
ND= not detected.
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Sediments and Vegetation

Sediment and vegetation sampling was conducted throughout the site in 1995 as an extension of
the screening level sampling that took place in 1993 and was reported in the BLRA
(DOE 1995a). Provided below is a discussion of the results of the sediment and vegetation
sampling that took place in 1995 (Tables 4–9 and 4–10, respectively).

Little Wind River

Sediment sampling data (Table 4–9) collected from the Little Wind River in 1995 at location 742
(crossgradient location) indicate that concentrations of manganese [220 milligrams per kilograms
(mg/kg)] and uranium (1.7 mg/kg) exceeded the background (location 794) concentrations for
these constituents. Data from the downgradient sampling location (location 796) indicate that
concentrations of lead (6.7 mg/kg), manganese (250 mg/kg), vanadium (21 mg/kg), and uranium
(1.2 mg/kg) exceed the background concentrations at location 794.

Vegetation samples collected from locations 742 (crossgradient) and 796 (downgradient)
indicated that manganese was elevated with respect to the upgradient location (location 794).

Oxbow Lake

Data from sediment samples collected from the Oxbow Lake in 1995 indicate that contaminant
concentrations were very close to or slightly elevated when compared to background sediment
sampling locations near the site (locations 750 and 748 [Table 4–9]). Vegetation samples
collected in 1995 at the Oxbow Lake indicated that concentrations of uranium were the highest
observed in the study area.

East Irrigation Ditch

The concentrations of contaminants in sediments sampled at location 744 in 1995 indicated that
arsenic (5.9 mg/kg), molybdenum (11 mg/kg), vanadium (35 mg/kg), and uranium (28.0 mg/kg)
exceeded the concentrations for these constituents at the background location (location 748). The
sediments sampled at location 746 exceed the background location concentrations in lead
(25 mg/kg), manganese (890 mg/kg), vanadium (43 mg/kg), and uranium (3.6 mg/kg). Data from
vegetation collected at location 744 indicated the only arsenic (12.4 mg/kg) detected in
vegetation in the study area.

A low-lying swale downgradient from the site was sampled in 1995 to determine if site-related
contaminants were in the soil or vegetation (location 751). A background swale was also sampled
(location 750). Additionally, upland sites were sampled in close proximity to both of these
locations (locations 850 and 851). Uranium concentrations in the vegetation at both location 751
(5.2 mg/kg) and 851 (6.4 mg/kg) were higher than in the background locations (2.9 mg/kg at
location 750 and 2.4 mg/kg at location 850).



Site Conditions Document Number U0013801

Site Observational Work Plan for Riverton, Wyoming Final DOE/Grand Junction Office
February 1998Page 4–50

Table 4–9. Constituents Detected in Soil and Sediment Samples Taken in September 1995
at the Riverton Site

Constituents
(mg/kg)

Location Arsenic Lead Manganese Molybdenum Nickel Vanadium Uranium

River

794 (upriver) 2.5 5.8 130 ND 11 16 0.83

742 (crossgradient) 2.2 5.5 220 ND ND 12 1.7

796 (downriver) 2.0 6.7 250 ND ND 21 1.2

Oxbow lake

747 4.1 12 370 ND 19 26 5.2

West irrigation ditch

741 (upstream of Koch) 6.3 12 180 ND ND 75 14

795 (downstream of Koch) 8.2 43 320 ND ND 17 6.7

749 (Koch ditch) 19 54 80 5.1 45 19 0.74

745 (wetland) 3.2 14 250 ND 17 23 13

East irrigation ditch

748 (upstream) ND 7.3 270 ND 25 31 1.1

744 (on-site) 5.9 6.2 120 11 22 35 28.0

746 (downgradient) ND 25 890 ND ND 43 3.6

Dry streambed

743 (downgradient) 3.8 21 320 ND 32 36 3.2

Upland/swale

851 (upland) ND 8.5 320 ND ND 8.0 0.96

751 (swale) 1.8 12 380 ND 16 19 3.8

750 (swale) 2.2 8.5 260 ND 20 33 1.6

850 (upland) 1.7 6.0 210 ND 11 12 0.94

Benchmarks

Effects Range Low 8.2a 46.7a 460a NA 21a NA NA

Effects Range med to high 70a 218a 1110a NA 51.6a NA NA
a Hull and Suter 1994.

NA = Not available.
ND = Not detected.
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Table 4–10. Constituents Detected in Vegetation Sampled in September 1995
at the Riverton Site

Constituents
(mg/kg)

Location Arsenic Lead Manganese Vanadium Uranium

River

794 (upriver) ND ND 42 ND 2.0

742 (crossgradient) ND ND 92 ND 3.7

796 (downriver) ND ND 110 ND 1.8

Oxbow lake

747 ND ND 180 ND 87.7

West irrigation ditch

741 (upstream of Koch) ND ND 92 ND 10.1

795 (downstream of Koch) ND ND 44 ND 0.38

749 (Koch ditch) ND 2.3 90 ND 0.20

745 (wetland) ND 2.5 120 4.0 12.0

East irrigation ditch

748 (upstream) ND ND 49 ND 1.1

744 (on-site) 12.4 0.67 150 ND 1.3

746 (downgradient) ND ND 190 ND 4.3

Dry streambed

743 (downgradient) ND 0.92 310 ND 1.4

Upland/swale

851 (upland) ND 0.64 72 ND 6.4

751 (swale) ND 0.98 84 ND 5.2

750 (swale) ND ND 8.4 ND 2.9

850 (upland) ND 2.6 82 5.2 2.4
    ND = Not detected.

Koch Ditch

Data from sediment samples collected in 1995 from the Koch Ditch (location 749) and the West
Side Irrigation Ditch (locations 795, 745, and 741, respectively) indicated elevated
concentrations of arsenic, lead, and nickel. Locations 795 and 745 exhibit some of the highest
concentrations of these constituents in the study area. Additionally, location 743 was sampled in
1995. Lead was also detected in vegetation (2.3 mg/kg) growing in the Koch Ditch. However, the
concentrations of these constituents are probably not due to site related contaminants, and
originate from a source other than the former mill tailings site.
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4.3.4  Evaluation of Alternate Water Supply Needs

No current dangers to human health or the environment have been identified. However, because
future wells could be installed in the contaminated ground water, the installation of an alternate
supply of domestic water for surrounding homes is in progress. DOE has entered into an
agreement with the Northern Arapahoes of the Wind River Indian Reservation and the Billings
Area Indian Health Service’s Office of Environmental Health and Engineering to supply water
and transmission lines from the Arapaho Utility System to a number of homes surrounding the
old mill site. The proposed route for this delivery system is shown in Figure 4–16. Additional
funding for this project is supplied by the Department of Housing and Urban Development.
Construction began in the fall of 1997.

A tribal ordinance will be implemented that reads: The installation of new private wells in the
vicinity of the former uranium mill tailings processing site near Riverton will be restricted
according to the following criteria: 1) the restricted area includes allotted and fee lands north of
the Little Wind River in sections 9 and 10 of T2N R4E and 2) the ordinance will apply only to
those lands which the current or future land owners choose to connect to the DOE funded
waterline.

A compliance action agreement will be sought between DOE and all land owners in the area of
concern. Should a land owner, within the area of concern, choose not to connect to the DOE
funded waterline, a compliance action agreement noting exclusion will still be pursued.

4.3.5  Contaminants of Potential Concern

The BLRA was used to compile a list of COPCs to assess human health and environmental risks
at the site. Because contamination levels are higher in the surficial aquifer, it was evaluated
quantitatively. The less-contaminated and less-characterized semiconfined aquifer was evaluated
qualitatively.

In general, constituents were listed as COPCs when the site was considered a likely source of the
contamination and when the average constituent concentrations (measured in plume wells)
exceeded average background levels at the 0.05 level of significance (DOE 1995a). Column 1 of
Table 4–7 shows which constituents exceed surficial ground water background levels.

Several of the chemical species detected above background levels are essential nutrients and
were not evaluated further because they were measured within nutritional ranges (column 2)
(DOE 1995a). These constituents include calcium, chloride, fluoride, iron, potassium, and zinc.

Several other contaminants in the surficial aquifer were screened for their low toxicity and/or low
concentrations compared to dietary intakes (column 3) (DOE 1995a).
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For the surficial aquifer, these screening criteria eliminated all contaminants but arsenic,
manganese, molybdenum, nickel, sulfate, uranium, vanadium, and several radionuclides in the
uranium decay series, including lead-210, polonium-210, and thorium-230. Column 4 of
Table 4–7 lists the final COPCs identified by the BLRA.

For the semiconfined aquifer, the COPCs are manganese, molybdenum, sulfate, and uranium.

4.3.6  Contaminant Fate and Transport

Milling activities have influenced the surficial aquifer downgradient from the processing site.
Since 1963, when uranium ore processing ceased, natural flushing has moved the plume centroid
southeast toward the Little Wind River; the most contaminated well, monitor well 707, is
approximately 250 ft (80 m) from the Little Wind River. Contaminant levels in ground water
collected from monitor well 707 are elevated in comparison to background levels of
molybdenum, nickel, sulfate, and uranium. 

The chemical species of an element is determined by examining aspects of the chemical
composition of the ground water, including pH, redox potential (Eh), temperature, availability of
ions and complexes, and concentration of the element. The mobility of a constituent depends
upon its species. Toxicokinetics (contaminant absorption, distribution, metabolism, and
excretion) and toxicity also depend on the concentration and type of species present in ground
water.

The geochemical modeling software MINTEQA2 (Allison et al. 1991) and PHREEQE
(Parkhurst et al. 1980), were used to calculate saturated mineral phases and species in ground
water. Water quality data exhibiting the highest constituent concentration (monitor well 707)
were used as input for the model. The modeling calculations show that ground water accessed by
monitor well 707 is slightly oversaturated with barite and gypsum and moderately oversaturated
with the uranium-phase schoepite, hydroxides, and oxyhydroxides of iron and manganese,
jarosite (iron sulfate), nickel hydroxide, barium arsenate, and calcium- and magnesium-vanadate
phases. Kinetically favorable uranium, vanadium, nickel, arsenic, manganese, and sulfate phases
will precipitate onto the aquifer matrix, thus removing some of these constituents from ground
water and reducing their concentrations. This information was used to evaluate the fate and
behavior of individual contaminants of concern in the surficial and semiconfined aquifers.
Radionuclides are not addressed because of their limited mobility and low concentrations
(slightly above detection limits) in the downgradient wells.

Contaminant concentrations in the plume are influenced by the dispersive effects of dilution and
by chemical reactions such as oxidation/reduction, sorption onto the aquifer matrix,
coprecipitation with other mineral phases, microbial reactions, and advective transport of ground
water. With distance from the source, dispersive effects will decrease the concentration of all
contaminants in the plume. The following reactions can be expected for individual contaminants:

Arsenic

Arsenic is associated with sulfide minerals common to uranium ore and is liberated during the
leaching process. Low concentrations of arsenic are present in ground water downgradient from
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the site as an arsenate oxyanion. Arsenic is moderately mobile in an oxidizing aqueous
environment as an arsenate species. Generally, the mobility increases as the oxidation state of
arsenic decreases; As(III) species generally sorb onto the aquifer matrix less readily than As(V)
species (Rai and Zachara 1984). Based on the concentrations in ground water beneath the
Riverton site (maximum of 0.032 mg/L), the main attenuation mechanism for arsenic removal is
probably adsorption onto aquifer materials, particularly ferric oxyhydroxides and organic matter
(Rai and Zachara 1984, Leckie et al. 1980).

Manganese

Manganese is found in sulfide and oxide minerals in the uranium ore and gangue material and is
mobilized during the leaching process. The mobility of manganese is primarily controlled by the
redox state of the aquifer. Manganese, present in surficial ground water in the Mn(II) valence
state, is predominantly Mn2+ complexed with sulfate and carbonate species in the aquifer. Oxide
and hydroxide manganese mineral phases are saturated in the most contaminated areas.
Precipitation of these phases will remove manganese from ground water. Additional removal of
manganese through sorption and coprecipitation with iron phases may also be occurring in the
area of contamination.

Molybdenum

Molybdenum is found in certain sulfide minerals associated with uranium ore and is mobilized
during the leaching process. Alkaline conditions that favor the mobility of molybdenum as the
oxyanion MoO4

2– (Rai and Zachara 1984) were reported by Peterson (1985) to be present in the
bottom of the tailings pile. Recent sampling shows that the highest concentrations of
molybdenum in the surficial aquifer are in the monitor wells near the Little Wind River. This
location of the centroid of the plume indicates that the molybdenum is fairly mobile in the
moderately alkaline conditions and that it moves with the ground water. A consistently high
concentration of molybdenum in one of the wells in the semiconfined aquifer near the northwest
corner of the former tailings pile is not consistent with other samples from that aquifer or with
the expected distribution of the contaminant plume.

Nickel

Nickel is found in discrete nickel sulfides and as a trace constituent in many sulfide minerals and
is mobilized during the leaching process. Nickel is present in ground water predominantly as a
nickel cation or complexed with carbonate and sulfate. Nickel hydroxide is oversaturated with
respect to ground water and, if reaction kinetics are favorable, will precipitate. Nickel also
coprecipitates and sorbs onto ferric oxyhydroxide phases (Rai and Zachara 1984). Precipitation
and sorption onto the aquifer matrix will probably remove some nickel from ground water.

Sulfate

Sulfate is derived from the sulfuric acid leaching process and from the dissolution and oxidation
of sulfide minerals during the leaching process. Sulfate is present in ground water predominantly
as an SO4

2– ion or is complexed with calcium, magnesium, or sodium. Barite and gypsum mineral
phases are oversaturated in the ground water and precipitation of sulfate minerals partially
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controls sulfate concentrations in ground water. Sorption onto aquifer materials may also remove
some sulfate from ground water.

Uranium

Uranium minerals are dissolved and oxidized during the leaching process. Residual uranium is
present in the ground water because of incomplete recovery of uranium in the solvent extraction
circuit. Under moderately oxidizing conditions, uranium exists as uranyl carbonate complexes.
Schoepite is the only probable uranium mineral phase that is thermodynamically saturated in the
ground water in the contaminated region of the aquifer. Therefore, partial removal of uranium
from precipitation reactions can be expected. In addition, sorption of uranium onto the aquifer
matrix should occur, especially onto iron oxyhydroxides (Kent et al. 1988, Hsi and
Langmuir 1985) and humic material (Nakashima 1992, Mohan et al. 1991).

Vanadium

Vanadium is associated with uranium minerals and clays in the uranium mineralized zone. It is
mobilized along with a host of trace elements during the leaching phase of the operation. Field
redox and pH data suggest that vanadium is present as V(V) oxyanion complexes in ground
water beneath the site. Vanadium mineral phases are oversaturated in contaminated ground water
with respect to calcium and magnesium vanadate minerals. Sorption onto aquifer materials may
also control the concentration of vanadium in ground water.

4.3.7  Contaminant Flushing

Contaminants present in the surficial aquifer are moving with the ground water downgradient
from the processing site to the Little Wind River. Since uranium ore processing was begun in
1958, ground water movement has transported the centroid of ground water contamination
southeast to the vicinity of monitor well 707, located approximately 3,000 ft (900 m) from the
tailings pile area.

Contaminant movement with time in the surficial aquifer was simulated by Sandia National
Laboratories using the computer code GANDT (Knowlton 1997). The GANDT code explicitly
accounts for the uncertainty in ground water flow and transport through the use of Monte Carlo
simulation techniques. GANDT honors the concentration data as well as allowing for spatial
variability using geostatistical methods. The GANDT model simulated the movement of uranium
and molybdenum using data listed in Table 4–11.
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Table 4–11. Data Used in GANDT Simulation

Source Term Parameters

Type of
Paramete

r
Name of Parameter

(units) Value or Distribution Justification for Data

Geometry Center of mass, X coord. (ft) Uniform, min = 7,440
max = 7,570

Based on measurements at
site, DOE (1985a).

Center of mass, Y coord. (ft) Uniform, min = 10,100
max = 10,200

Based on measurements at
site, DOE (1985a).

Length (ft) Uniform, min = 1,540
max = 1,670

Based on measurements at
site, DOE (1985a).

Width (ft) Uniform, min = 1,180
max = 1,310

Based on measurements at
site, DOE (1985a).

Thickness (ft) Uniform, min = 1.6
max = 4.9

Based on information in
DOE, (1985a).

Flow Infiltration Rate (ft/year) Uniform, min = 0.26
max = 0.36

Expert judgment; model
trials.

Saturated hydraulic
conductivity (ft/day)

Lognormal, min = 3.5
max = 18.0

Based on information in
DOE (1985a) and SNL
(1996).

Porosity Normal, µ = 0.3, s  = 0.02 Based on information in
DOE (1985a) and general
literature.

Residual water content Normal, µ = 0.05, s  = 0.002 General literature.

van Genuchten n factor Normal, µ = 3.9, s  = 0.5 General literature.

Fate and
Transport

Initial Soil Concentration
(ppm)

Uranium: Normal, min = 0.5
max = 4

Molybdenum: Normal, min = 2
max = 8

Expert judgment; model
trials.

Solubility of contaminant
(ppm)

Uranium: 100
Molybdenum: 100

General literature.

Distribution coefficient
(cm/g)a

Uranium: Uniform, min = 0.05
max = 0.1

Molybdenum: Uniform, min = 0.05
max = 0.1

DOE (1983) and general
literature.

Dry bulk density (g/cc)a 1.7 General literature.

Time since waste release (y) 39 DOE (1985a).

Pulse duration (y) Uniform, min = 10
max = 15

Expert judgment; model
trials.

Unsaturated Zone Parameters

Geometry Thickness (ft) Uniform, min = 5.2
max = 8.2

DOE (1985a).

Flow Saturated Hydraulic
conductivity (ft/day)

Lognormal, min = 3.5
max = 18.0

DOE (1985a) and SNL
(1996).



Document Number U0013801 Site Conditions

Table 4–11 (continued). Data Used in GANDT Simulation

Type of
Paramete

r
Name of Parameter

(units) Value or Distribution Justification for Data

DOE/Grand Junction Office Final Site Observational Work Plan for Riverton, Wyoming
February 1998 Page 4–59

Porosity Normal, µ = 0.3, s  = 0.02 Based on information in
DOE (1985a) and general
literature.

Residual water content Normal, µ = 0.05, s  = 0.002 General literature.

van Genuchten a coefficient
(1/ft)

Normal, µ = 0.1, s  = 0.015 General literature.

van Genuchten n factor Normal, µ = 3.9, s  = 0.5 General literature.

Fate and
Transport

Longitudinal dispersity (ft) Uniform: min = 1.6
max = 3.3

Expert judgment and
general literature.

Distribution coefficient (cc/g)a Uranium: Uniform, min = 0.05
max = 0.1

Molybdenum: Uniform, min = 0.05
max = 0.1

DOE (1983) and general
literature.

Dry bulk density (g/cc)a 1.8 General literature.

Saturated Zone Parameters

Geometry Thickness (ft) Uniform, min = 5
max = 6

DOE (1985a).

Flow Downgradient flow direction
(counterclockwise from due
east) (degrees)

Uniform, min = 310
max = 315

DOE (1985a) and expert
judgment.

Hydraulic gradient
(horizontal)

Normal, µ = 0.0028, s  = 0.0003 DOE (1985a) and expert
judgment.

Recharge rate (ft/year) Normal, µ = 0.07, s  = 0.01 Expert judgment and
general literature.

Mean saturated hydraulic
conductivity (ft/day)

57 DOE (1985a), SNL (1996),
and model trials.

Hydraulic conductivity
anisotropy (H/V)

100 Expert judgment and
general literature.

Porosity Normal, µ = 0.3, s  = 0.02 DOE (1985a) and general
literature.

Fate and
Transport

Longitudinal dispersity (ft) Uniform: min = 160
max = 230

Expert judgment and
general literature.

Dispersion anisotropy
(long./trans)

Uniform: min = 10
max = 20

Expert judgment and
general literature.

Distribution coefficient (cc/g)a Uranium: Uniform, min = 0.1
max = 0.2

Molybdenum: Uniform, min = 0.1
max = 0.3

DOE (1983) and general
literature.

Dry bulk density (g/cc)a 1.8 General literature.

Tortuosity 0.39 General literature.
aCommon unit of expression.
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As shown in Figures 4–17, 4–18, 4–19, 4–20, the GANDT model predicted that concentrations
of uranium and molybdenum in the surficial aquifer are reduced to concentrations below MCLs
within approximately 100 years from 1997. The probability that the concentrations are less than
the MCLs (75 years after conditioning time) for each of the contaminants is shown in
Figures 4–19 and 4–20. By 100 years, all simulations showed uranium and molybdenum
concentrations at background levels. Therefore, the probability distributions for 100 years are not
included. Details of the GANDT model are contained in Appendix D.

Key verification monitoring wells located within the area of the contaminant plume includes well
707. Figure 4–21 and 4–22 show the predicted uranium and molybdenum concentrations versus
time. The data points represent average concentrations predicted by the simulations, and the error
bars delineate the minimum and maximum predicted concentrations. The min-max bounds in
each plot provide an estimate of the acceptable range of verification monitoring results that
would suggest natural attenuation will lead to site cleanup within 100 years. Also included in
these plots is a horizontal line showing the MCL for uranium and molybdenum.

4.4  Risk Evaluation

The BLRA of ground water contamination at Riverton (DOE 1995a) followed the methodology
outlined in the Human Health Risk Assessment Methodology for the UMTRA Ground Water
Project (DOE 1994a), which provided the general approach used to develop all baseline risk
assessments for the UMTRA Ground Water Project. Additional investigations were conducted in
the summer and fall of 1995 to address data gaps identified in the SOWP Rev. 0. The
Hydrogeologic and Geochemical Data Calculation and Analysis Notebook, Riverton, Wyoming,
Volume II (DOE 1996c [Data Calculation Notebook]) contains the results of the surface water,
sediment, and biota sampling that was conducted in 1995. This section summarizes the results of
the Riverton BLRA and the Data Calculation Notebook.

4.4.1  Extent of Contamination

The first step in the BLRA was to evaluate ground water data collected at the site over the last
5 years. The surficial aquifer was evaluated quantitatively because of the higher contamination
levels. The less contaminated semiconfined aquifer was evaluated qualitatively. A summary of
the data for Riverton is presented in Section 4.3 of this SOWP.

4.4.2  Potentially Exposed Population

Numerous wells within a 2-mi (3-km) radius of the site are used as a source of residential
drinking water. However, all but two of these wells pump water from the deeper confined
sandstone aquifer, which is not affected by site-related contamination. The two shallow wells are
sometimes used for livestock watering and irrigation. One of these wells showed signs of
low level contamination prior to 1994. Although ground water contaminated by site-related
activities is currently not used as a source of drinking water, the BLRA evaluates shallow ground
water as a potential future source of drinking water for residents near the Riverton site.
Contaminant concentrations in monitor well 707 (see Plate 1, Cluster 1) are specifically 
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considered because the contaminant levels were generally higher than in other wells completed in
the surficial aquifer.

In addition to future populations potentially exposed to ground water, the risks to current and
future populations from using potentially contaminated surface water and sediment were also
evaluated. Maximum detected concentrations in surface water and sediment from the Little Wind
River are evaluated for current and future residents.

The BLRA divided the potentially exposed population into the following age groups: infants
(birth to 1 year), children (1 to 10 years), and adults (11 to 65 years). This grouping was done to
more accurately reflect the effects of the contamination on the sensitive subpopulations of infants
and children.

Other potential subpopulations include the elderly and people with a preexisting illness such as
diabetes or kidney insufficiency with the absence of diabetes.

4.4.3  Exposure Pathways

An exposure pathway describes the course a contaminant takes from the source to the exposed
individual or population. Therefore, an exposure pathway can be completed only if there is a
source of contamination, a point of contact with a population or individual, and a route of
exposure (e.g., water ingestion). Because the tailings piles and soils contaminated from uranium
milling operations at the site were removed and relocated to a disposal cell, soil or air exposure
pathways (such as accidental soil ingestion, dermal contact with soil, or inhalation of
particulates) were not considered.

The potentially complete pathways are drinking water ingestion, dermal absorption of
contaminated ground water, ingestion of ground-water-irrigated produce, ingestion of meat and
milk from livestock exposed to ground water, incidental ingestion of surface water while
swimming, ingestion of fish from the Little Wind River, and incidental ingestion of sediment
during recreational activities. The BLRA for the Riverton site concluded that the potential future
use of contaminated ground water is the most significant pathway, accounting for over 95 percent
of total risks. The definition of drinking water includes water used for drinking and food
preparation (e.g., reconstituted juices, soups, rice, beans). The next most significant pathway is
the ingestion of ground-water-irrigated produce, which accounts for less than 3 percent of the
levels associated with drinking contaminated water.

4.4.4  Potential Public Health Impacts

The risk assessment estimated how much of the contaminants of concern people would be
exposed to if a drinking-water well were installed in the contaminated ground water. Because
contaminant concentrations vary each time a well is sampled and because people vary in weight
and amount of water consumed, the risk assessment used probability distributions to determine
the amounts of contaminants that probably would be ingested from a hypothetical well at the site.
The probability distributions describe how likely it is for a particular event to happen. For
example, on the basis of population surveys, probability distributions can describe what
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percentage of people drink a half gallon of water each day and what percentage drink only one
cup of water each day.

The estimated amounts of contaminants that could be ingested by consuming tap water were then
compared to the toxic effects those contaminant levels could cause. Sulfate is the most
significant health hazard in the ground water at the Riverton site. Sulfate is of special concern for
infants, because at the levels found at the site, sulfate-induced severe diarrhea could lead to
dehydration in infants more quickly than it would in children or adults. Although no one
currently drinks the contaminated ground water, sulfate levels in the ground water exceed levels
that have been reported elsewhere to cause severe dehydration when ingested by infants.

Using the uppermost aquifer as a source of drinking water would cause unacceptable risks of
3 × 10–4 for uranium and 4 × 10–4 for arsenic. Potential noncarcinogenic health effects from
exposure to uranium would also be of concern, as would exposure to molybdenum and
manganese. Although these exposures are not in the range that cause lethal effects, exposures
probably would result in adverse health effects such as neurologic changes (manganese) and
biochemical imbalances (molybdenum and manganese).

Based on this analysis, the use of contaminated ground water for nondrinking water purposes
(e.g., watering livestock, irrigating crops, or bathing) would not result in adverse health effects to
humans.

Because the levels of arsenic, manganese, molybdenum, sulfate, and uranium in the surficial
aquifer between the former processing site and the Little Wind River could cause adverse health
effects if the ground water is used for drinking, access to contaminated ground water must be
controlled. Institutional controls prohibiting the use of the ground water from the surficial and
semiconfined aquifer are being implemented in the vicinity of the Riverton site.

4.4.5  Potential Environmental Impacts

An analysis of the effects contaminated ground water may have on plants was performed using
published soil-to-water partition coefficients and soil-to-plant uptake factors (Baes et al. 1984).
Comparing the values derived from this analysis to concentrations that may be toxic to some
plants (Kabata-Pendias and Pendias 1992) indicates that concentrations of contaminants of
concern in the shallow alluvial ground water would not result in phytotoxicity. In addition, the
mean concentrations of COPCs were compared to published concentrations that may be toxic to
crops. It has been shown that a few tenths of a milligram to a few milligrams per liter of
manganese can be toxic to a number of crops and that the level of toxicity is affected by soil pH;
the recommended maximum concentration of manganese in irrigation water to be applied to soils
with neutral or alkaline pH is 10 mg/L (EPA 1973). Soils at the Riverton site (Apron and Bigwin
Series) are moderately alkaline throughout (SCS 1974), which indicates that the concentration of
manganese in the alluvial aquifer (3.54 mg/L in well 707) would not be detrimental to plant
growth. The concentration of molybdenum in the contaminated alluvial aquifer ( 1.42 mg/L)
exceeds the recommended level for use in irrigation water (0.01 mg/L) (EPA 1973). The
molybdenum concentration in the alluvial ground water would not be detrimental to plants.
However, studies have shown that livestock have contracted molybdenosis after feeding on
forage that was irrigated with water containing as little as 0.01 mg/L molybdenum (EPA 1973).
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Therefore, use of the contaminated alluvial aquifer for irrigation could be detrimental to
livestock. The molybdenum concentration in the contaminated aquifer would not be toxic if it
was used only to water livestock because it is well below 10 mg/L, which is the maximum
concentration recommended for livestock watering (Eisler 1989).

A comparison of mean ground-water concentrations with water concentrations protective of
plants indicates that molybdenum, and sulfate are present at concentrations that could adversely
affect irrigated plants. 

The surface water concentrations of iron detected in the Little Wind River in 1993 exceeded the
State of Wyoming Water Quality Criteria for the protection of aquatic life of 1.0 mg/L. In 1995
and 1997, iron concentrations decreased to well below the criteria for the State of Wyoming of
1.0 mg/L. However, for all constituents analyzed in surface water in the Little Wind River,
concentrations at the downstream location differed little from concentrations at the background
location. The 1993 data indicated that the uranium concentration measured at sampling location
742 was approximately one order of magnitude higher than the background concentration and
could represent an ecological concern. However, data collected at this location in 1995 and 1997
indicate that uranium is at the background concentration and does not currently represent an
ecological concern.

In other water bodies near the site, surface water concentrations did not exceed State of
Wyoming Water Quality Criteria for the protection of aquatic life. Because Federal water quality
criteria are not established for several constituents, however, it is not certain whether any of these
concentrations threaten aquatic organisms. At most, the concentrations exceeded maximum
background concentrations by a factor of 2 to 2.5. No clear trend is associated with surface water
concentrations in these areas. The locations of highest values varied for the different constituents.

Based on the 1997 data collected in the oxbow lake, only iron and uranium exceed the State of
Wyoming aquatic life criteria (Table 4–8). In 1995, the concentration of sulfates in the oxbow
lake were 2,500 mg/L, and exceeded the State of Wyoming benchmark for irrigation water by
12.5 times. Data collected in 1997 indicated sulfate concentrations were 656 mg/L, which
exceeds the benchmark by slightly over three times. Data collected during 1995 for TDS
(3,900 mg/L) was nearly six times the concentration in the oxbow than in the river, and exceeded
the benchmark for irrigation water. Data from 1997 indicates that TDS had decreased to
1,240 mg/L, which is below the State of Wyoming benchmark for irrigation water.

Surface water sampled in 1997 at Locations 744, 746, and 748 in the East Irrigation Ditch
indicate that no State of Wyoming aquatic life standards, or agricultural and ecological
benchmarks were exceeded.

Sediments and Vegetation

Data (Table 4–9) from the 1995 sediment sampling in the Little Wind River at location 742
(crossgradient location) indicate that concentrations of manganese [220 milligrams per kilograms
(mg/kg)] and uranium (1.7 mg/kg) exceeded the background (location 794) concentrations for
these constituents. Sediment data collected in 1995 from the downgradient sampling location
(location 796) indicate that concentrations of lead (6.7 mg/kg), manganese (250 mg/kg),
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vanadium (21 mg/kg), and uranium (1.2 mg/kg) exceed the background concentrations at
location 794. Concentrations of manganese at the crossgradient sample location and lead and
manganese at the downgradient location did not exceed the screening benchmarks. Screening
benchmarks are not available for vanadium and uranium. The levels of manganese in the
vegetation in the Little Wind River are well below the screening benchmarks established for
dietary source for many species of wildlife (Opresko et al.1996). Data from sediment samples
collected from the oxbow lake in 1995 indicate that no screening benchmarks were exceeded
(Table 4–9). Data from vegetation samples collected at the Oxbow Lake indicated that
concentrations of uranium exceed the screening benchmark established for dietary source for
many species of wildlife (Opresko et al.1996).

Data from sediment samples collected in 1995 from the Koch Ditch (location 749) and the West
Side Irrigation Ditch (locations 795, 745, and 741) indicated concentrations of arsenic, lead, and
nickel that exceeded their respective benchmarks for sediment (Hull and Suter 1994).
Location 743 was sampled in 1995. The data from location 743 indicate that concentrations of
nickel exceed the sediment benchmark. However, the concentrations of these constituents are
probably not due to site related contaminants, and originate from a source other than the former
mill tailings site. Lead was detected in vegetation (2.3 mg/kg) growing in the Koch Ditch, but
does not exceed the screening benchmark for dietary consumption for wildlife.

The sediments sampled at location 746 (890 mg/kg) in 1995 indicated that concentrations of
manganese exceeded the low effects benchmark (460 mg/kg) for sediment. Samples collected at
locations 744 (22 mg/kg) and 748 (25 mg/kg) showed concentrations of nickel that slightly
exceeded the low effects benchmark for nickel (21 mg/kg), but may be in the range for
background for the site. In 1993, the concentration of lead (68 mg/kg) at location 746 exceeded
the National Oceanic and Atmospheric Administration Effects Range-Low (NOAA 1990), and
was attributed to automobile exhaust fumes. Data collected in 1995 from the same location
indicate that the concentration of lead had decreased to 25 mg/kg.

No clear trend is associated with sediment concentrations in these water bodies. The locations of
highest values varied for the different constituents. Data from vegetation sampled at location 744
indicated concentrations of arsenic (12.4 mg/kg) exceeded the wildlife screening benchmarks for
dietary intake.

The sediment samples at locations 750, 751, 850, and 851 did not exceed the screening level
sediment benchmarks. Uranium concentrations in the vegetation at both location 751 (5.2 mg/kg)
and 851 (6.4 mg/kg) were higher than in the background locations (2.9 mg/kg at location 750 and
2.4 mg/kg at location 850). These concentrations exceed some of the wildlife screening
benchmarks for dietary intake.

Potential exposure to livestock that ingest ground water was evaluated by comparing mean
ground water concentrations to water concentrations determined to be protective of livestock.
Based on the sulfate concentrations in ground water, the results showed that adverse effects could
occur because the mean sulfate ground water concentration was 3 times greater than the guidance
value.
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Water and sediment quality criteria and/or guideline values were insufficient to comprehensively
evaluate the effect of ground water, surface water, and sediments on ecological receptors.
Therefore, this assessment of ecological risk could evaluate only some of the constituents
detected at the site. This screening level is sufficient for this project.
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5.0  Ground Water Compliance Strategy Selection

This section identifies the proposed ground water compliance strategies for the Riverton site;
explains the application of site-specific data to the ground water compliance selection
framework; and analyzes possible deviations from the conceptual model, contingencies (selection
of different compliance strategies), and decision rules (criteria) for application of contingencies.

5.1  Ground Water Compliance Strategy Selection Process

Proposed ground water compliance decisions at the Riverton site were made by using the
compliance selection framework shown in Figure 5–1. This compliance selection framework was
developed in the PEIS (DOE 1996a). The proposed ground water compliance strategy for the
Riverton site was selected by applying site-specific data to this compliance selection framework.

Using site-specific data, the compliance selection framework provided for the selection of the
natural flushing compliance strategy.

Natural flushing allows the natural ground water movement and geochemical processes to
decrease contaminant concentrations to levels within regulatory limits within a given time period.
This strategy is applied at sites where ground water compliance is achieved with the application
of natural flushing within 100 years, where effective monitoring and institutional controls can be
maintained, and the ground water is not currently and is not projected to be a drinking water
source.

This SOWP proposes the determination that EPA standards will be met by applying the natural
flushing compliance strategy in conjunction with the institutional controls. The following section
describes the decision-making process for compliance at the Riverton site.

5.2  Site-Specific Ground Water Compliance Strategy

This section describes how the PEIS decision-making framework was used to evaluate and
propose compliance strategies for ground water remediation at the Riverton site. The steps
involved in applying the constituents to the compliance selection framework are as follows:

1 and 2. The first two steps (boxes 1 and 2 in Figure 5–1) confirm that the ground water quality
data show that the milling activities have resulted in ground water contamination that
exceeds background levels or MCLs.

3. The third step (box 4 in Figure 5–1) determines whether compliance with the ground water
protection standards can be achieved by applying supplemental standards based on the
designation of limited-use ground water. The quality and quantity of the natural ground
water at the Riverton site, as evidenced by the background ground water quality data and
the results of the aquifer tests, do not meet the requirements for a limited-use aquifer.
Therefore, supplemental standards do not protect human health and the environment.
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4. The fourth step (box 6 in Figure 5–1) determines whether ACLs apply. This is not an
applicable compliance strategy for the Riverton site because 10 of the 24 contaminants at
the site do not qualify at the present concentrations.

5. The fifth step (box 8 in Figure 5–1) determines if contaminated ground water qualifies for
supplemental standards because of excessive environmental harm. There are no reasons
why remediation of the ground water would cause more environmental harm than benefit.
Therefore, the contaminated ground water does not qualify for supplemental standards.

6. The sixth step (box 10 of Figure 5–1) evaluates whether natural flushing will bring the
contaminants of concern within MCLs, background levels, or ACLs within 100 years. The
hydrogeologic and geochemical data collected from the Riverton site and contaminant
transport and ground water flow modeling indicate that natural ground water flushing does
apply. That is, natural ground water movement and geochemical processes will decrease
contaminant concentrations to background levels within 100 years. During that period of
time, effective monitoring and institutional controls will need to be maintained to ensure
that ground water in the affected aquifer is not used as a source of domestic water (box 11
in Figure 5–1).

7. The last step is the implementation of natural flushing (box 12 in Figure 5–1).

5.3  Identification of Deviations, Contingencies, and Decision Rules

The natural flushing ground water compliance strategy proposed for the Riverton site is based on
the evaluation of the existing conceptual model and on the results from the GANDT simulation
of ground water flow and contaminant transport. Once the compliance strategy is implemented,
continued data collection is necessary to confirm that natural flushing is occurring as predicted
by the model.

Deviations from the existing site model may be identified during monitoring. Guidelines for
evaluating the significance of these deviations will be developed. These guidelines will establish
ranges to confirm that the system is performing as predicted by the computer model. The ranges
will allow for random variations in water quality. Concentration excursions will be evaluated and
the cause and effects determined. Probabilistic methods will be used to establish the ranges and
to identify significant variations that will require reassessment of the model.

The compliance strategy presented in this final SOWP includes the implementation of
institutional controls on ground water use near the Riverton site. Because implementing this
strategy addresses the reduction of contaminant concentrations through time, controlling ground
water use will mitigate the immediate and long-term risks to both public health and the
environment.

Implementing the compliance strategy of natural flushing will be accomplished by sampling
select background surface and ground water locations, and contaminated surface and ground
water locations to monitor contaminant movement throughout the study area. The surface water
sample locations identified for future sampling are 747, 749, 794, and 796. The surficial ground
water aquifer monitor well locations identified for future sampling are 706, 707, 710, 716, 718,
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722, and 731. The semiconfined ground water monitor well locations identified for future
sampling are 705, 717, 719, 723, 732, and 735. The locations identified for future sampling and
the rational for the selection are summarized in Table 5–1.

Monitoring of all of the ground water and surface water locations identified for future monitoring
will be conducted yearly for the first 5 years. After 5 years, all ground water and surface water
locations will be monitored once every 5 years. Monitoring will continue on 5-year intervals
thereafter until analytical data from three successive sampling events demonstrate that the ground
or surface water from a particular location has cleaned up, at which time monitoring will be
discontinued for that location. Additional vegetation and sediment sampling is also
recommended to continue to monitor potential ecological risks. The sampling schedule is once a
year for 5 years. Background locations will be sampled during each sampling event to provide
evaluators with baseline data.
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Table 5–1. Select Sample Locations for Future Sampling.

Future Sample Location Rationale

Sediment
Sampling
Locations

747 (Oxbow Lake) No benchmarks exceeded. Monitor concentrations of
contaminants in Oxbow Lake for increasing
concentrations of site-related contaminants.

746 (Wetland east of site) Manganese exceeded low effects benchmark. Monitor
concentrations of site-related contaminants in
sediments.

744 (On site) Nickel exceeded benchmark. Monitor for site-related
contaminants.

Vegetation
Sampling
Locations

747 (Oxbow Lake) Uranium exceeded benchmark for dietary source for
wildlife. Monitor for contaminant concentrations in
vegetation that exceed screening benchmarks for
dietary source for wildlife.

744 (On site) Arsenic exceeded many wildlife screening
benchmarks. Monitor for concentrations of site-related
contaminants.

Surface Water
Sampling
Locations

747 (Oxbow Lake) Iron and uranium exceeded the Wyoming aquatic life
criteria. Monitor concentrations of site-related
contaminants.

749 (Koch Ditch) Monitor effluent from Koch Sulfur Products for
potential influence on site-related ground water
contaminants.

794 (Background location,
upgradient on the Little Wind
River)

Baseline data to support determination of
contaminants in Little Wind River.

796 (Downgradient on the Little
Wind River)

Monitor for site related constituents downgradient in
Little Wind River.

Surficial Aquifer
Sampling
Locations

706 (South of Little Wind River) Ensure site related contaminants do not cross Little
Wind River to the south. Monitor for site-related
constituents.

707 (North of Little Wind River,
centroid of plume)

Monitor concentrations of site related contaminants in
centroid of plume.

710 (Background) Baseline data to support contaminant concentrations
in surficial aquifer.

716 (Cluster 3, northeast edge of
plume)

Monitor contaminant concentrations on the northeast
edge of plume.

718 (West edge of plume) Monitor contaminant concentrations on the west edge
of plume.

722 (North edge of plume) Monitor contaminant concentrations on the north edge
of plume.

731 (South of Koch Sulfur
Products, west edge of plume)

Monitor west edge of plume and potential influence of
Koch Sulfur Products.
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Semiconfined
Aquifer Sampling

Locations

705 (North of Little Wind River,
centroid of plume)

Monitor centroid of plume in the semiconfined aquifer.

717 (Cluster 3, northeast edge of
plume)

Monitor contaminant concentrations on the northeast
edge of plume.

719 (West edge of plume) Monitor contaminant concentrations on the west edge
of plume.

723 (North edge of plume) Monitor contaminant concentrations on the north edge
of plume.

732 (South of Koch Sulfur
Products, west edge of plume)

Monitor west edge of plume and potential influence of
Koch Sulfur Products.

735 (South of Little Wind River) Monitor for site-related contaminants south of Little
Wind River.
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