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Acronymsand Abbreviations

ACL alternate concentration limit

AEC U.S. Atomic Energy Commission
AFO amorphous ferric oxyhydroxide

ASTM American Society of Testing Materias
BCF bioaccumulation factors

bgs below ground surface

BLRA Basdine Risk Assessment

CDPHE Colorado Department of Public Health and Environment
CERCLA Comprehensive Environmental Response, Compensation, ard Liability Act
CFR U.S. Code of Federal Regulations

cfs cubic feet per second

cm centimeter(s)

COC congtituents of concern

COPC constituent(s) of potential concern
DOE U.S. Department of Energy

DOLA Colorado Department of Local Affairs
EA environmental assessment

EC electrical conductivity

E-CPOC ecological constituents of potential concern
EHPA ethylhexyl phosphoric acid

EPA U.S. Environmental Protection Agency
ERA ecological risk assessment

ESL Environmental Sciences Laboratory
FONSI finding of no significant impact

FR Federal Register

ft foot (feet)

ft/day foot (feet) per day

ft?/day square feet per day

g grams

ga galon(s)

gal/day gallons per day

GCAP Ground Water Compliance Action Plan
GJO Grand Junction Office

gpm galons per minute

HCI hydrochloric acid

HI hazard index

HQ hazard quotient

IC institutional control

K hydraulic conductivity

Kd distribution coefficient

kg kilogram(s)

kw-hr kilowatts per hour

L liter

L/s liter(s) per second

Ib pounds

LTMP Long-Term Management Plan

LTSP Long-Term Surveillance Plan
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MAP management action process

MCL maximum concentration limit

m meter(s)

Mo/l micrograms per liter

pum micrometer(s)

mg/kg milligrams per kilogram

mg/L milligrams per liter

mL milliliter

mL/g milliliters per gram

mL/min milliliters per minute
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mvV millivolts

NEPA National Environmental Policy Act

NOAA National Oceanic and Atmospheric Administration
NRC U.S. Nuclear Regulatory Commission

O&M operation and maintenance
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PEIS Programmatic Environmental Impact Statement
PvC polyvinyl chloride

RAP Remedia Action Plan

RBC risk-based concentration

RO reverse 0Smosis

ROD record of decision

rpm revolutions per minute

RRM residual radioactive material

SDWA Safe Drinking Water Act

SEE Site Environmental Evaluation (database)

SOWP Site Observational Work Plan

TAGR Technical Approach to Ground Water Restoration
TDS total dissolved solids

UCLgs 95 percent upper confidence limit

UMTRA Uranium Mill Tailings Remedia Action (Project)
UMTRCA  Uranium Mill Tailings Radiation Control Act
U.S.C. United States Code

USGS U.S. Geologica Survey
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Executive Summary

Uranium ore was processed from 1958 through 1962 at the Gunnison site located 0.5 mile
southwest of the City of Gunnison in Gunnison County, Colorado. Contaminated materials were
removed from the millsite from 1992 through 1995 and stabilized in a disposal cell 6 miles east
of Gunnison.

Ground water occurs under unconfined conditions in the aluvial aquifer (uppermost aquifer)
with an average depth to the water table of 5 feet (ft). The aluvium is composed of poorly sorted
sediments ranging from clay-sized material through gravel with cobbles and occasiona boulders.
The thickness of the aluvium ranges from 70 to 130 ft. Ground water in the alluvial aguifer
generally flows to the southwest with an average gradient of 0.005. Hydraulic conductivity
ranges from 100 to 170 ft/day. Ground water in the alluvia aquifer system is recharged by the
adjacent streams, precipitation, flood irrigation of the pasture downgradient from the site, and
irrigation of the golf course and residential areas southwest of the site. Ground water is
discharged naturally to adjacent streams and by the gravel pit dewatering operations south of the
ste.

Ground water in the aluvial aquifer beneath and downgradient from the Gunnison site was
contaminated by uranium processing activities. Uranium is the primary constituent of potential
concern (COPC) and indicator of site-related contamination in ground water. Concentrations of
uranium in ground water exceed 1.0 milligram per liter (mg/L) beneath the site and exceed the
uranium maximum concentration limit (MCL) of 0.044 mg/L to approximately 1,000 ft
downgradient from the site boundary beneath the adjacent gravel mining operation.
Concentrations of uranium in ground water below the MCL, but above background, extend
approximately 7,000 ft downgradient from the site boundary and have migrated beneath the
Gunnison River just beyond the confluence with Tomichi Creek. The zone of contamination
attenuates and migrates downward as it progresses laterally. Manganese is also a COPC in
ground water with elevated concentrations beneath the site and less than 1,000 ft downgradient
from the site boundary. Manganese does not appear to be widespread in the aquifer and
concentrations benesth the site are decreasing. Thereisno MCL for manganese so an acceptable
human health risk-based level of 1.7 mg/L has been established as the standard. Since uranium is
the primary indicator of site-related contamination, it is the basis for verifying the compliance
strategy for ground water cleanup at the Gunnison site.

To achieve compliance with Subpart B of 40 CFR 192, the DOE proposed action is natural
flushing in conjunction with institutional controls (IC) and continued monitoring. Ground water
flow and transport modeling has predicted that site-related concentrations of uranium in ground
water in the uppermost agquifer beneath and downgradient from the site will decrease to below
the MCL within 100 years. ICs will be maintained and verified during the flushing period. This
compliance strategy will be protective of human health and the environment.

ICs are in place on the former millsite through deed restrictions that became effective when the
State of Colorado transferred ownership to Gunnison County in December 1999. The restrictions
prohibit use of contaminated ground water and control excavation of contaminated soil.
Gunnison County owns the water distribution system that provides drinking water to the area
potentially affected by site-related contaminants. This system was funded by the U.S.
Department of Energy (DOE), the Colorado Department of Public Health and Environment
(CDPHE), the Colorado Department of Local Affairs (DOLA), and Gunnison County in 1994 to

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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mitigate any risk associated with ingestion of contaminated ground water from the alluvial
aquifer downgradient from the site. DOE is working with Gunnison County to formalize a
requirement that all current and future residents in the area connect to the system. This
requirement will become an enforceable administrative |C by means of a county ordinance. Any
future water resource needs in the area will be regulated by Gunnison County.

There are no unacceptable risks to human health and the environment associated with current and
projected conditions in the vicinity of the Gunnison site as long as |Cs canbe maintained.
Current use of ground water at the Valco, Inc. operation presents no unacceptable risk.
Consequently, the proposed compliance strategy of natura flushing in conjunction with
ingtitutional controls and continued monitoring will be protective of human health and the
environment.

Monitoring of ground water and surface water will be implemented during the period of natural
flushing to verify modeling results, ascertain that concentrations of uranium in ground water are
decreasing, and ensure protection of human health and the environment. COPCs to be analyzed
in ground water include uranium and manganese. General water quality indicators including
alkalinity, conductivity, pH, total dissolved solids, sulfate, and temperature will also be
determined during sampling. Monitoring will take place on an annual basis for the first 10 years
(through 2010) and every 5 years thereafter until completion of natural flushing. At the end of 10
years an evaluation will be made in consultation with NRC and the State of Colorado to
determine the requirements and frequency for future monitoring at the site.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
Page xii March 2001
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1.0 Introduction
1.1 Purpose and Scope

The Gunnison Uranium Mill Tailings Remedial Action (UMTRA) Project siteis aformer
uranium-ore processing facility located approximately 0.5 mile southwest of the City of
Gunnison in Gunnison County, Colorado (Figure 1-1). The site is situated on an aluvial terrace
between the Gunnison River and Tomichi Creek.

The U.S. Department of Energy (DOE) completed surface remediation of abandoned uranium
mill tailings and other contaminated surface residual radioactive material (RRM) associated with
the former milling operation at the site by relocating the contaminated materials to a disposal cell
approximately 6 miles east of the Gunnison processing site. Surface remedial action beganin
1992 and was completed in 1995. The former processing site is currently covered and re-graded
with clean fill material and re-seeded with range grasses.

DOE’s god is to implement a cost-effective ground water compliance strategy at the Gunnison
processing site that is protective of human health and the environment. This Site Observational
Work Plan (SOWP) documents the site-specific strategy that will allow DOE to comply with
EPA ground water standards at the Gunnison site and provides a mechanism for stakeholder
participation, review, and acceptance of the recommended remedia alternative. The SOWP is
based on UMTRA Project programmatic documents mentioned in Section 1.2. After initial
assessment of Site characterization information, it was decided to use an abbreviated Summary of
Ste Conditions and Work Plan (DOE 1999f) instead of the traditional SOWP Rev. 0 because the
magnitude of additional work required was thought to be relatively minor. This has expedited the
process and led directly to thisfinal version of the SOWP.

Compliance regquirements for meeting the regulatory standards at the Gunnison site are presented
in Section 2.0. Site background information, including physical setting, current water and land
use, and an overview of the history of the former milling operations and surface remedial
activities is reviewed in Section 3.0. A summary of 1999 field investigations is presented in
Section 4.0. Site-specific characterization of the physical system and contaminant configuration
are synthesized in the conceptual site model in Section 5.0. Assessment of human health and
ecological risk is provided in Section 6.0. The process for selecting the ground water compliance
strategy is presented in Section 7.0, along with information on institutional controls and
monitoring activities.
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Figure 1-1. Gunnison Site Location Map
1.2 UMTRA Project Programmatic Documents

Programmatic documents that guide the SOWP include the UMTRA Ground Water Management
Action Process (MAP) (DOE 1998), the Final Programmatic Environmental Impact Statement
for the Uranium Mill Tailings Remedial Action Ground Water Project (PEIS) (DOE 1996b), and
the Technical Approach to Ground Water Restoration (TAGR) (DOE 1993b). The MAP states
the mission and objectives of the UMTRA Ground Water Project and provides a technical and
management approach for conducting the project. The PEIS is the programmatic decision
making framework for conducting the UMTRA Ground Water Project. DOE will follow PEIS
guidelines to assess the potential programmatic impacts of the Ground Water Project, to
determine site-specific ground water compliance strategies, and to prepare site-specific
environmental impact analyses more efficiently. Technical guidelines for conducting the ground
water program are presented in the TAGR.

1.3 Relationship to Site-Specific Documents

The surface Remedia Action Plan (RAP) (DOE 1992b) provides early site characterization
information. This information has been updated in developing this version of the SOWP to
strengthen the conceptual site model. After a ground water compliance strategy is selected for
the site, a Ground Water Compliance Action Plan (GCAP) will be prepared to document the
remediation decision. The GCAP will be the concurrence document for compliance with
Subpart B of 40 CFR Part 192 for the Gunnison uranium-ore processing site and will provide
details of the required ground water monitoring program.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
Page 1-2 March 2001



Document Number U01024 Introduction

A Baseline Risk Assessment (BLRA) (DOE 1996a) was prepared that identified potential public
health and environmental risks at the site. Potential risks identified in the BLRA are considered
and updated in this SOWP to ensure that the proposed compliance strategy is protective of
human health and the environment.

After the proposed compliance strategy is identified in the SOWP and described in the GCAP, a
ste-specific National Environmental Policy Act (NEPA) document (e.g., an environmental
assessment [EA]) will be prepared to determine any potential effects of implementing the
proposed compliance strategy.

Since most of the contaminated materials and RRM were removed from the processing site and
stabilized off site, the Long-Term Surveillarce Plan (LTSP) required as part of the licensing
agreement for disposal sites is not applicable. When DOE relocated RRM, the origind
processing site was cleaned up to meet EPA standards. The U.S. Nuclear Regulatory
Commission (NRC) did not license the processing Site or require an LTSP (Statements of
Consideration for 10 CFR Part 40, April 30, 1992). In lieu of the LTSP, DOE will prepare a
Long-Term Management Plan (LTMP), which will also contain the information on ground water
monitoring and specify all other long-term surveillance activities and reporting requirements
necessary for the site. The LTMP will be a stand-alone document to guide long-term surveillance
activities at the Gunnison processing site.

Information for the SOWP is primarily derived from existing documents, the UMTRA Site
Environmental Evaluation (SEEFUMTRA) database and from data in the UMTRA Project files.
Local officials in the Gunnison area, along with regulatory entities, were consulted during
preparation of this document.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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2.0 Regulatory Framework

A ground water compliance strategy is proposed for the Gunnison Site to achieve compliance
with EPA ground water standards applicable to Title| UMTRA Project sites. This section
identifies the requirements of the Uranium Mill Tailing Radiation Control Act (UMTRCA), the
EPA ground water protection standards promulgated in 40 CFR Part 192, NEPA, and other
regulations that are applicable to the UMTRA Ground Water Project.

2.1 Federal Regulations

2.1.1 Uranium Mill Tailings Radiation Control Act

The U.S. Congress passed UMTRCA (42 U.S.C. §7901 et seq.) in 1978 in response to public
concerns about the potentia health hazards from long-term exposure to uranium mill tailings.
UMTRCA authorized DOE to control, stabilize, and dispose of mill tailings and other
contaminated materials at former uranium-ore processing sites.

UMTRCA has three titles that apply to uranium-ore processing sites. Title | designates

24 inactive processing sites to undergo remediation. Title | authorizes EPA to promulgate
standards and mandates remedial action in accordance with those standards. This Title also
directs remedia action to be selected and performed with the concurrence of the NRC in
consultation with states and Indian tribes, authorizes DOE to enter into cooperative agreements
with the affected states and Indian tribes, and directs NRC to license the disposal sites for long-
term care. Title Il applies to active uranium mills, and Title I11 applies to specific uranium mills
in New Mexico. The UMTRA Ground Water Project has responsibility for administering only
Titlel of UMTRCA.

In 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act
(42 U.S.C. 7901 et seq.) authorizing DOE to extend without limitation the time needed to
complete ground water remediation at the processing sites.

2.1.2 EPA Ground Water Standards

UMTRCA requires that EPA promulgate standards for protecting public health and the
environment from hazardous constituents associated with processing uranium ore and the
resulting RRM. On January 5, 1983, EPA published standards in 40 CFR Part 192 for the
cleanup and disposal of RRM. The standards for ground water compliance were revised, and a
final rule was published on January 11, 1995 (60 FR 2854), and codified in 40 CFR Part 192.

The standardsin 40 CFR 192.02 (c)(1) require that the Secretary of Energy determine which of
the constituents listed in Appendix | to Part 192 are present in or reasonably derived from RRM.
Those standards also require the Secretary to determine the areal extent of ground water
contamination by listed constituent. Section 5.0 of this document complies with these
requirements and identifies the constituents of potential concern (COPC) at the Gunnison
processing site.

The standards for cleanup address two ground water contamination scenarios. The first scenario
addresses ground water contaminated as a result of RRM associated with disposal cells. Future
protection of ground water at the disposal sitesis being monitored as part of the Long-Term
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Surveillance and Maintenance Program. The second scenario addresses ground water
contaminated as a result of RRM in the uppermost aquifer at the former processing site. The
UMTRA Ground Water Project addresses this ground water contamination and is regulated by
Subparts B and C of 40 CFR Part 192.

2121 Subpart B: Cleanup Standards

The regulations allow the option of complying with four general standards. Three are numerical
standards and are set forth in 40 CFR 192.02(c)(3) as follows:

Background level—Concentrations of constituents in the uppermost aquifer in an area that were
not affected by ore-processing activities.

Maximum Concentration Limit (MCL)—EPA defined maximum concentrations for certain
hazardous constituents in ground water and are specific to the UMTRA Project. The MCLs for
inorganic constituents that apply to UMTRA Project sites are given in Table 1 to Subpart A of
40 CFR Part 192.

Alternate Concentration Limit (ACL)—An ACL may be applied to a hazardous constituent if it
does not pose a substantial present or future risk 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 and MCLs.

Subpart B of the EPA standards may also be met through natural flushing within an extended
period not to exceed 100 years if (1) the concentration limits are projected to be satisfied at the
end of this extended period, (2) institutional controls are in place which will effectively protect
human health and the environment and satisfy beneficial uses of ground water during the
extended period, and (3) the ground water is not currently and is not now projected to become a
source for a public water system subject to provisions of the Safe Drinking Water Act during the
extended period (40 CFR 192.12(c)(2)).

2.1.2.2 Subpart C: Implementation

Subpart C provides guidance for implementing methods and procedures to reasonably ensure that
standards of Subpart B are met. Subpart C requires that the standards are met on a site-specific
bas's using information gathered during characterization and monitoring. The plan for
implementation must be stated in a site-specific GCAP and must contain a continued monitoring
program, if necessary.

Supplemental Sandards—DOE may, with NRC concurrence, apply a fourth option to
contaminated ground water. Supplemental standards may be applied if any one of the following
criteriais met as set forth in 40 CFR 192.21.

(8 Remedial actions required to satisfy Subpart A or B would pose a clear and present risk
of injury to workers or members of the public.

(b) Remedial actions to satisfy the standards for land and ground water would directly
produce health and environmental harm that is clearly excessive compared to the health
and environmental benefits, now or in the future.
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(c) The estimated cost of remedial action is unreasonably high relative to the long-term
benefits, and the RRM does not pose a clear present or future hazard.

(d) The cost of remedial action for cleanup of abuilding is clearly unreasonably high relative
to the benefits.

(e) Thereisno known remedia action.

() The restoration of ground water quality is technically impractical from an engineering
perspective.

(9) The ground water is considered of limited use and meets the criteria of §192.11(€).

(h) Radionuclides other thanradium-226 and its decay products are present in sufficient
guantity and concentration to constitute a significant hazard from RRM.

2.1.3 Cooperative Agreements

UMTRCA requires that compliance with ground water standards be accomplished with the full
participation of the states and Indian tribes on whose lands uranium mill tailings (RRM) are
located. Section 103(a) of UMTRCA directs DOE to enter into cooperative agreements for
remedial actions with the states and tribes. DOE has a cooperative agreement with the State of
Colorado that covers ground water activities at the Gunnison Site.

2.1.4 National Environmental Policy Act

The UMTRA Project isamajor federal action that is subject to the requirements of NEPA. DOE
NEPA regulations are codified in 10 CFR Part 1021, “National Environmental Policy Act
Implementing Procedures.” Pursuant to NEPA, DOE finalized a PEIS (DOE 1996b) for the
UMTRA Ground Water Project to analyze potential effects of implementing the alternatives for
ground water compliance at the UMTRA Project processing sites. A Record of Decision (ROD)
was published in April 1997 in which DOE'’s preferred alternative was selected based on the
information available at the time. This ROD gave DOE the option of implementing one or a
combination of the following compliance strategies:

No ground water remediation
Natural flushing
Active ground water remediation

A Gunnison site-specific EA will be prepared to recommend the preferred remediation
alternative and to address all environmental issues associated with the selected aternative.

2.1.5 Other Federal Regulations

In addition to EPA ground water standards and requirements of NEPA, DOE must comply with
presidentia executive orders, such as those related to pollution prevention and environmental
justice, that may be relevant to the work being performed. Other federal regulations include those
that require protection of wetlands and floodplains, threatened and endangered species, and
cultural resources.
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2.2 DOE Orders

A number of environmental, health and safety, and administrative DOE orders apply to the work
being conducted under the UMTRA Ground Water Project. DOE orders prescribe the manner in
which DOE will comply with federal and state laws, regulations, and guidance, and will conduct
operations that are not prescribed by law. DOE guidance for complying with federal, state, and
tribal environmental regulations is provided in the DOE Order 5400.1 series, which is partially
superseded by DOE Order 231.1. DOE Order 5400.5 requires public protection from radiation
hazards. DOE guidance for NEPA compliance is provided in DOE Order 451.1, and specific
guidance pertaining to EAs s provided in Recommendations for the Preparation of
Environmental Assessments and Environmental Impact Statements (DOE 1993a).

2.3 State Regulations
DOE must comply with state regulations where federal authority has been delegated to the State

of Colorado. These include compliance with Colorado permits required for monitor wells
(drilling, completing, and decommissioning), water discharge, and waste management.
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3.0 SiteDescription

The Gunnison processing site has been investigated by DOE since 1983 (DOE 1992b and
1996a). Ground water conditions have been characterized by installing monitor wells on site,
upgradient, and downgradient from the site. Monitor wells have been clustered at a number of
locations to characterize the alluvium and site-related contamination in ground water at different
depths. Most of the monitor wells still exist and have recently been sampled to provide
information for this document. Additional information on the geology of the area, uranium
deposition, and uranium processing at the Gunnison site are available from the literature (see
reference list).

3.1 Physcal Setting and Climate

The Gunnison site is on a 61.5-acre tract of land between the Gunnison River and Tomichi
Creek, just southwest of the Gunnison city limits, Gunnison County, Colorado (Plate 1 and
Figure 3-1. The site was backfilled with clean soil and graded after surface remediation and is
currently covered with native grasses. The elevation at the site is approximately 7,635 feet (ft),
and surrounding mountains rise above 12,000 ft. Higher elevations in the area are forested on the
north and east sides, and lower elevations on the south and west sides are covered with brush and
grass.

Gunnison receives an average annual precipitation of 10.5 inches (maximum precipitation in July
and August) and an annual average snowfall of 54 inches. Winds blow predominately from the
west and northwest. Average monthly temperatures range from alow of 9 °F in January to a high
of 62 °Fin July.

3.2 Land and Water Use

3.21 Land Use

The former uranium-ore processing site was previously owned by private companies and later
acquired by the State of Colorado, who then deeded the property to Gunnison County in
December 1999 (Appendix I). A fence surrounds most of the site, except in the southeast corner,
where it is readily accessible to the public. Eleven DOE monitor wells remain on the site
(Figure 3-2). The site is not currently being used except for a small fenced storage yard near the
south end maintained by Gunnison County. The existing fenced area does not include al of the
original site. The north part of the site has aready been deeded to Gunnison County for
expansion of the airport and is behind the airport fence (Plate 1).

The site is bordered on the north and east by Gold Basin Road (County Road 38) and the
Gunnison County Airport. An active gravel- mining operation owned by Valco, Inc. bounds the
site to the south. Commercial and residential property bounds the site to the west. Valco, Inc.
also owns most of the large pasture area southwest of the processing site, which is currently
being used for livestock grazing and crop growing. This property will eventually be mined for
gravel or developed as aresidential area. The Dos Rios subdivision and golf course is west and
southwest of the site and began development approximately 20 years ago along the North and
South Forks of the Gunnison River. The subdivision is still under development.
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The Gunnison County Public Works Department is interested in developing a portion of the site
for maintenance shops, offices, and yard space to store snow removal and other equipment.
Other future uses are under consideration. The deed restrictions (Appendix 1) prohibit use of
contaminated ground water and control excavation of contaminated soil beneath the site. The
Gunnison County land-use planning procedures and resolutions will control potential
development of the site and adjacent land.

3.2.2 Ground Water Use

There is no current use of aluvia ground water from beneath the former processing site.
Historically, ground water from the shallow alluvia aquifer downgradient from the former
processing site between the Gunnison River and Tomichi Creek was the principal source for
drinking, irrigation, and livestock water in the area. Residents in the Dos Rios subdivision and
local businesses obtained ground water from private domestic wells that were completed
generaly less than 30 ft in depth in the dluvia aquifer.

Results of ground water sampling downgradient from the former processing site during July
through October 1990 indicated that 22 domestic wells contained concentrations of uraniumin
excess of background levels. Since the elevated levels were related to uranium processing
activities at the site, DOE assumed responsibility and began supplying bottled water to those
residences in August 1990. DOE a so investigated funding a permanent water supply system for
thisarea (DOE 1991). An environmental assessment was prepared for the provision of the
proposed water supply system and a Finding of No Significant Impact (FONSI) was issued in
1991 (DOE 1991).

Construction of the water supply system occurred from 1992 to 1994. The water distribution
system consists of over 40,000 ft of main line extending from U.S. Highway 50 on the north,
toward Tomichi Creek on the south, from Gold Basin Road on the east, to Que Quay Lane on the
west (Figure 3-3). Water is taken from the west side of the Gunnison River just south of U.S.
Highway 50 into the 350 gallon per minute (gpm) water treatment plant, and then stored in a
250,000 gallon water storage tank located just north of U.S. Highway 50 (Figure 3-3). The water
system was completed in June 1994 and was turned over to the Gunnison County Public Works
Department. The total cost of the system was $6.8 million and was funded by DOE, the Colorado
Department of Public Health and Environment (CDPHE), the Colorado Department of Local
Affairs (DOLA), and Gunnison County (CDPHE 1995). There are currently 231 hookups to the
water system which includes most of the residences in the area. According to the Director of the
Gunnison County Public Works Department, the water system has the capacity for expansion to
cover any anticipated growth in the vicinity.

Existing domestic wells in most of the area downgradient from the processing site are no longer
used as a source of drinking water. According to the Utility Manager of the Gunnison County
Public Works Department (early 2001) there are only 14 residences that are not hooked up to the
system and still use ground water from domestic wells in the shallow alluvial aquifer for
drinking water. They are located northwest of the Gunnison River in an area where shallow
aluvial ground water has not been, and is not expected to be, impacted by site-related
contamination. In order to assess ground water quality and to ensure protection of human health
and the environment, DOE has monitored selected domestic wells in the Dos Rios “ buffer zone”
area since 1990 (DOE 1995). The buffer zone well network consists of four domestic irrigation
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Figure 3—-1. Aerial Photograph of Gunnison Area, October 1999
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wells (455, 468, 472, and 600), and six domestic buffer zone wells (469, 665, 667, 680, 683, and
685) (Figure 3-2 and Plate 1). Analytes evaluated include uranium in al of the wells and a full
suite of constituents in one of the wells (468). The UMTRA Project MCL for uranium is

0.044 milligrams per liter (mg/L) and mean background for uranium in aluvia ground water
upgradient from the site is 0.003 mg/L. Action levels for uranium in ground water established by
CDPHE are 0.200 mg/L for the domestic irrigation wells, and 0.020 mg/L for the domestic
buffer zone wells. Results of the buffer zone sampling since 1990 have shown concentrations of
uranium consistently well below the CDPHE action levels for the domestic irrigation wells and
the domestic buffer zone wells (Appendix E). There have been no notable trends or variations
that would suggest the potential for significant changes in the ground water quality that could
impact human health or the environment.

Monitoring of ground water from the 6 domestic buffer zone wells (which coincide with 6 of the
14 residences not connected to the water supply system) will be continued to ascertain that there
is no potentia risk to human health resulting from site-related contamination in ground water
(see monitoring in Section 7.3.2). These six domestic wells have been monitored by DOE since
the early 1990s and concentrations of uranium have generally been less than 0.005 mg/L
(Appendix E).

Valco, Inc. pumps substantial amounts of ground water during their excavation de-watering
operations from May through August. The water is discharged into ponds at the south edge of

their property.

The City of Gunnison obtains potable water from nine wells in the alluvia aquifer east of the
Gunnison River from 0.5 to 1.5 miles north (upgradient) of the Gunnison processing site.

There are no permanent surface water features on the former processing site. Surface water from
the nearby streams and ditches is used for irrigation and stock watering. Water from the
Gunnison River is diverted to flood- irrigate the pasture southwest of the site from May through
September. The Dos Rios golf course west and southwest of site irrigates properties using water
from the Gunnison River. Based on surface water sampling to date, there is no indication of any
gte-related contamination in surface water in the area.

3.3 History of Operations

Uranium was discovered in 1954 along the Los Ochos fault near Cochetopa Pass approximately
25 miles southeast of Gunnison, and ore was produced from 1955 until early 1962.
Approximately 486,000 tons of ore were produced from the main Los Ochos area that averaged
0.14 percent uranium oxide (UsOg) during the life of the mines (Chenoweth 1980).

The Gunnison mill was constructed in 1957, mainly as aresult of the high grade ore from the
Los Ochos claims, and began production in February 1958 (Merritt 1971) (Figure 34 and
Figure 3-5). The Gunnison Mining Company operated the mill during most of its active life. In
December 1961, the Gunnison Mining Company merged with Kermac Nuclear Fuels
Corporation, awholly owned subsidiary of Kerr-McGee Qil Industries, and operated until
April 1962 when the mill closed (DOE 1981).
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The mill produced uranium for sale to the U.S. Atomic Energy Commission (AEC) and was
operated with a feed rate of 200 tons per day for its 4-year life (Merritt 1971). Ore was hauled in
by truck from the mining areas. Processing consisted of grinding the ore to minus 65- mesh and
acid leaching with sodium chlorate and sulfuric acid for 15 hours at 25 °C. After leaching, the
solution and solids were separated by a four-stage countercurrent classifier and thickener circuit.
Washed solids were then sent to the tailings. The pregnant solution was treated with EHPA
solvent extraction using a five-stage circuit to remove uranium from the solution. A sodium
carbonate solution was then used to strip uranium from the solvent and the entire slurry was
passed through a filter press to strip iron residues precipitated during this stage of the process.
The clarified pregnant solution was acidified with sulfuric acid to apH of 2.5 to decompose
carbonates and precipitate uranium. Magnesium oxide was added to compl ete precipitation of
the yellow cake (Merritt 1971). During its 4-year lifetime the mill processed approximately
540,000 dry tons of ore that averaged 0.14 percent uranium oxide (Merritt 1971).

Colorado Ventures, Inc., agroup of Grand Junction, Colorado, businessmen, purchased the mill
in 1964. Fences were established and access was limited according to Colorado regulations.
Gunnison County was deeded a 3.5-acre strip aong the northern edge of the property for airport
use (DOE 1981). Before 1973, tailings were moved to one area west and southwest of the former
mill buildings that occupied an area of approximately 1,180 ft by 1,440 ft, or 39 acres, with a
maximum height of 13 ft (DOE 1981). In 1973 the property was purchased by C.A. Decker and
N.M. Bishop of Denver, who leased the property to Solution Engineering Company of

Alice, Texas (DOE 1981).

3.4 Surface Remediation

By the mid 1970s, al tailings were moved to a rectangular area of approximately 35 acres, and
the milling operation, former ore storage area, and miscellaneous areas occupied about 16 acres.
The buildings remaining were a water tower, large metal building, and office buildings

(Figure 3-4). During the 1980s, the tailings pile was contoured, covered with material excavated
at the adjacent gravel pit, seeded with grasses in accordance with plans approved by the CDPHE.
Vegetation was well established on the pile after afew years of irrigation.

Contaminated materials consisted of approximately 450,000 cubic yards of tailings;

214,000 cubic yards of contaminated soil from the ore storage, millsite, subpile, and other aresas;
25,300 cubic yards of windblown materials; 10,500 cubic yards of rubble; and 10,000 cubic
yards of contaminated materials from vicinity properties. During 1991 all structures remaining at
the site were demolished and materials were stored on site for final disposition (DOE 1992b).

From 1992 to 1995 most of the RRM and other contaminated materials were transported to a
permanent disposal cell located approximately 6 miles east of Gunnison and 0.4 mile south of the
county solid waste landfill (DOE 1997). The disposal site consists of approximately 29 acres of
land. The disposal cell was constructed on an excavated surface and has an engineered cover.
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4.0 Summary of 1999 Field I nvestigations

Existing characterization data for the Gunnison processing site are presented in the RAP

(DOE 1992b) and the BLRA (DOE 1996a). An evaluation of existing data at the Gunnison
processing site indicated that additional investigation was needed to complete the SOWP and
select the strategy for compliance with EPA ground water protection standards (DOE 1999f).
Additiona investigation was needed to further define hydraulic parameters of the alluvial aquifer
that would be used in ground water flow and transport modeling. This field work included
installation of pumping and observation wells at three locations downgradient from the site for
aquifer pumping tests. Other work included subpile soil sampling and analysis to evaluate
potential residual source term beneath the site, determination of distribution coefficients,
collection and analysis of ground water samples from monitor wells and domestic wells
downgradient from the processing site, and sediment sampling to characterize biotransformations
occurring at the site, which would enable prediction of natural bioremediation under field
conditions. Results of these investigations, along with more recert water quality analytical data,
are presented in this section.

41 Ground Water Monitor Wdl Installation

To facilitate aquifer pumping tests downgradient from the former processing site, additional
monitor wells were installed adjacent to existing monitor wells in three locations (Figure 4-1 and
Table 4-1). Wells were drilled using the SONIC drilling method, which enabled collection of
continuous samples through the entire interval drilled. All new monitor wells were installed
within 50 ft of the existing monitor wells to minimize the extent of surface disturbance. Wells
were installed in the middle portion of the aquifer to more accurately represent conditions and
also to test the zone where contaminants seem to be migrating.

4.2 Aquifer Pumping Tests

Aquifer tests were performed at three locations (using wells 041, 044, and 047 as pumping wells)
to determine hydraulic parameters of the alluvial aquifer. During each test, water level data were
collected from the pumping wells and nearby observation wells. Only the data collected from
those wells screened over the same depths as the pumping wells were analyzed for parameter
estimation. Prior to the aquifer tests, step tests were conducted on each of the pumping wells to
determine the optimal pumping rate at each location.

These aquifer tests were conducted during November and December 1999. As aresult of
equipment failure, more than one test was completed at each of the three locations. Pumping
rates ranged from 35 to 60 gpm, and the length the pumping phase ranged from 8 to over

72 hours. Because of the equipment failure, recovery data were collected from only half the tests.

Data were analyzed using a number of different analytical methods. The pumping wells are
generally screened from 30 to 60 ft below ground surface within an aquifer that is up to 120 ft
thick. As aresult, the Neuman Method for Partially Penetrating Wells in an Unconfined Aquifer
(Neuman 1974) provided the analytical solution that best represents the conditions under which
these data were collected.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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Table 4-1. Gunnison Well Cluster Construction Information

. . Static Elevation of Observation
Cluster Well D!a. Installation Screen Interval r Ground Water or Pumping
No. (@in) Date (ft BGS) (ft) (ft MSL)? well
041 6 Nov 99 31.0-60.4 - 7629.28 pumping
042 2 Nov 99 43.8 -53.3 26.8 7629.16 observation
043 2 Nov 99 43.8-53.5 36.6 7629.28 observation
041 120 2 Dec 84 18.5-23.5 43.9 7632.88 observation
121 2 Dec 84 93.3-98.3 12.4 7627.51 observation
122 2 Dec 84 78.1-83.1 32.0 7627.38 observation
123 2 Jan 85 53.2-58.2 30.8 7629.14 observation
044 6 Nov 99 31.1-60.5 - 7623.47 pumping
045 2 Nov 99 40.9 - 50.5 56.8 7623.29 observation
044 046 2 Nov 99 40.7 - 50.2 40.9 7623.77 observation
125 2 Dec 84 18.8-23.8 23.3 7624.39 observation
126 2 Jan 85 53.2-58.2 16.4 7623.30 observation
127 2 Dec 84 94.3-99.3 20.4 7622.73 observation
047 6 Nov 99 30.8-60.2 - 7618.54 pumping
048 2 Nov 99 41.2-50.7 27.2 7618.51 observation
047 049 2 Nov 99 40.6 - 50.1 42.1 7618.56 observation
135 2 Dec 84 16.3-21.3 16.4 7619.91 observation
136 2 Jan 85 53.2-58.2 17.3 7618.55 observation

ater levels measured between November 17 and November 22, 1999

inches
feet

in.
ft

Dia. = well diameter

r = distance to pumping well
MSL = mean sea level

BGS = below ground surface

Data collected from the pumping phase of the on site tests suggest that transmissivity ranges
from 406 to 3,172 square feet per day (ft*/day), with a specific yield range of 0.016 to 0.664.
Based on a saturated thickness of 30 ft (the screened interval of the pumping wells), the
hydraulic conductivity (K) ranges from 13.5 to 105.7 ft/day (Table 4-2).

Table 4-2. Measured Hydraulic Conductivity

Location
Well 041 Well 044 Well 047 City Well #10
K range (ft/day) 13.5-20.3 42.6 — 105.7 55.8-67.9 103 -171
K geomean (ft/day) 171 61.2 61.6 131.7

Additional aquifer test data were obtained from the City of Gunnison, which conducted tests
following the installation of a production well in October 1999. This well is located north of the
site but is considered to be within a portion of the alluvial aquifer that is representative of site
conditions. Analyses of data from tests conducted on production well 10 (at flow rates up to
421 gpm) indicate a transmissivity range of 6,164 to 10,262 ft*/day. Dividing this range by

DOE/Grand Junction Office
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60 (this well is screened over the bottom 60 ft of the aquifer) results in an estimated hydraulic
conductivity ranging from 103 to 171 ft/day (Table 4-2).

The data collected from the on site tests indicate that steady state may have been achieved during
the testing periods at each of the three locations, possibly the result of an inability to adequately
stress the aquifer at a high enough flow rate. Based on this assumption, the conductivity range
generated from the production well tests may be more representative because of the higher flow
rates used to conduct the tests.

All data associated with the aquifer tests are contained in Appendix G. Appendix G also presents
an interpretation of the data collected from the aquifer tests performed both on site and by the
City of Gunnison.

4.3 Subpile Soil Sampling

During the surface cleanup from 1992 to 1995, contaminated material above the water table and
one foot below the water table was removed. Figure 4-2 and Figure 4—-3 show that leaching from
the tailings pile caused a rusty coloration in the underlying sediments. Gravel was partly coated
with ferric oxyhydroxides. Contamination of subpile soils was the subject of a previous study
(DOE 1994), which concluded that the subpile soils were likely to be a continuing source of
ground water contamination. Details of the remedial action are provided in the Final Completion
Report (DOE 1997).

During remediation, high thorium-230 concentrations were detected in sediments below the
water table. Supplemental standards were applied for thorium-230 left in place, because only
material 1 ft below the water table was removed. Appendix | of the final completion report for
the Gunnison site (DOE 1997) mentions that a site-specific cleanup protocol was developed in
which soil with a high clay content (“select fill”) was to be placed at the bottom of the
excavation as aradon barrier. Figure 44 shows the soil verification plan from the final
completion report, including the locations of the subpile soil sampling. Figure 4-5 and

Figure 4—6 show the fill during excavation in November 1999. Soil verification data are
provided in Appendix | of the completion report. Forty-one locations (eachlocation is an area
30 ft~ 30 ft) did not receive a select fill (DOE 1997).

The first goal of thisinvestigation was to determine if residual contamination is left onsite. Soil
samples were collected on the former millsite November 29, 1999. Acid leaching was
performed in the Grand Junction Office (GJO) Environmental Sciences Laboratory (ESL) in
January 2000. Seventeen soil samples and 11 water samples were analyzed. A second goal of
this study was to estimate the concentrations of uranium in ground water that have flowed
through contaminated subpile soils. Therefore, natural ground water was used as the leaching
solution in two column experiments conducted in April 2000. A summary of the study is
presented below; more details are presented in the contaminants in subpile soils report

(DOE 20004).

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Figure 4-2. Excavated Millsite During Surface Remediation (19947?) (View 1)

Figure 4-3. Excavated Millsite During Surface Remediation (19947?) (View 2)
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Figure 4-5. Excavation on the Millsite in November 1999 (View 1)
- Note: high clay content select fill material

Figure 4—6. Excavation on the Millsite in November 1999 (View 2)
- Note: the select fill appears as a distinct layer in the test pits

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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4.3.1 Methods

Sediment samples were collected at eight locations where thorium-230 activity was highest, as
indicated in the completion report. Table 4-3 lists the grid ID, and the thorium-230 activity as
well asthe top of select fill and the top of thorium. The grid ID refers to the survey during
construction (Figure 4-4). One sample was collected at the former ore storage area at the south
side of the former millsite. Two background samples were collected east of the unpaved runway.
The ID from the construction grid was used to determine the location in the field before
excavation. Surveyors staked locations in the field and surveyed the locations by Global
Positioning System after sampling. Location 544 had to be moved about 25 ft east because the
origina point was under the pavement of the road.

Table 4-3. Sampling Locations and Soil Survey Information

. . Bulk Th-230 Top of Select Fill Top of Thorium Cont.
Location Grid ID bCilg P (ft/bgs) P (ft/bgs)

541 C-07-03 491 6-—7 8-10

542 B-43-12 291 4 8

543 C-48-23 523 5 8

544 D-43-22 498 3 4.5

545 D-35-15 368 1-2.5 2

546 E-20-12 270 3 4

547 F-10-13 341 4 6-7

Locations that did not receive select fill

548 D-04-21 | 1,068 | n./a. 4.5
Ore storage area

549 E-31-23 | n./a. | n./a. n./a.
Background area

550 n./a. n./a. n./a. n./a.

551 n./a. n./a. n./a. n./a.

n./a. no data available

pCi/g picocuries per gram

Soil samples were collected using a backhoe. Test pits were dug to the water table and soil
samples were taken below the select fill directly from the backhoe bucket. Ground water samples
were taken at the bottom of the pit (Figure 4—7). At background locations 550 and 551, soil
samples were taken approximately 0.5 ft above the water table. During the sampling the
excavated material was separated into three piles: topsoil, select fill, and material below the
select fill (Figure 4-8). The material was backfilled in the reverse order of excavation.

Soil samples were placed in plastic ziplock bags and transported to the ESL. Water samples were
filtered and kept on ice. The soil samples were placed in aluminum pie plates, open to the air,
until they were visibly dry (about 5 days). To aid the drying process, the samples were frequently
disaggregated by crushing lightly by hand. Large sticks, rootlets, and pebbles were removed by
hand. Dried samples were sieved to less than 2 millimeters (mm).

Two grams of each sample was divided equally and placed in two 50-milliliter (mL) plastic
centrifuge tubes, and 50 mL of 5-percent (v/v) HCl was poured into each tube. The tubes
were agitated end over end for 4 hours. The samples were centrifuged for 45 minutes at
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2,500 revolutions per minute (rpm) and decanted. The sediment was then leached again with
5-percent HCI following the same procedure. The supernatants were decanted into a 200- mL
volumetric flask and filled to volume with 5-percent HCI. They were then filtered through a
0.45 micrometer (um) filter and submitted to the GJO Analytical Chemistry Laboratory for
analysis of uranium, sulfate, iron, and manganese. Because the samples were HCl solutions, no
additional preservation was used. Samples were kept at less than 4 °C prior to analysis.

Two samples with the highest uranium concentrations in the leaching tests were selected for a
column experiment. The setup of the experiment is shown in Figure 4-9. This study used a
procedure similar to ESL standard column test procedure CB(CT-1) (DOE 1999b). Columns
(2-inch diameter) were constructed from clear acrylic. Nylon cloth filters sandwiched between
two perforated plastic discs were placed at the bottom and top of the column. The sediment
column was 18 inches in length. Natural ground water was pumped with a peristaltic pump set at
0.8 milliliters per minute (mL/min) from bottom to top through the column. Effluent was
collected in aflask using a Gilson fraction collector.

Natural ground water from monitoring well 002 was used for the column experiment. Samples
were collected March 15 and April 11, 2000. Concentrations of uranium, pH, electrical
conductivity, oxidationreduction potential (ORP), and alkalinity were measured in the ESL soon
after sample collection using the procedures in the Environmental Sciences Laboratory
Procedures Manual (DOE 1999b). Samples of the effluents were preserved and analyzed for
uranium, iron, and manganese. The ground water sampling data and analytical methods are
provided in DOE 2000a.

4.3.2 Reaults

Sampling locations and the spatial distribution of uranium concentrations in soil and ground
water are shown in Figure 4-10. Concentrations of constituents leached from the soils are
provided in Table 4—4. Results of the column experiments are provided in Figure 4-11.

Background concentrations of uranium in soil and ground water are about 0.22 milligrams per
kilogram (mg/kg) and 0.006 mg/L, respectively (Table 4-4). The two highest uranium
concentrations in subpile soils were measured at location 545 at a depth of 8 ft and at location
546 at a depth of 9 ft. The concentrations were 81.4 mg/kg and 86.2 mg/kg, respectively. The
uranium concentration in ground water is 1.3 mg/L at location 545 and 0.031 mg/L at location
546. Uranium concentrations in soil at other locations ranged from 0.39 mg/kg at location 548
near the northeast corner of the former millsite to 40.1 mg/kg near the center of the Site at
location 543. The uranium concentrations in soil at the former ore storage area, which isin the
south part of the former millsite near location 549, average 3.76 mg/kg. Thereis no trend in
uranium concentration with depth. Uranium concertrations increase with depth at location 544,
whereas at |ocation 543 no variation was observed, and concentrations decrease with depth at
location 541 (Figure 4-10). Because surface remediation disturbed the original stratigraphy, the
distribution of concentrations might be random in the subsurface today.

The initial uranium concentration in the effluent of column 545 was about 1.50 mg/L and
reached a maximum of 1.67 mg/L after about 30 pore volumes (Figure 4-11). The uranium
concentration in ground water at location 545 was as high as 1.21 mg/L and was comparable to

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Figur-é 4-7. Excavation on the M - View 3)
Note: Sediment and water samples were taken from the backhoe bucket

Figure 4-8. Excavation on the Millsite in November 1999 (View 4)
Note: Excavated material was separated in different piles and backfillled in the same order

Figure 4-9. S'etup.of Column Experiment
Note: source tank and peristaltic pump (right), column filled with subpile soil (middle)
fraction collector (left)
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Table 4-4. Element Concentrations in Subpile Soils and Uranium Concentration in Ground Water

Location Depth ft[ Iron Manganese Sulfate Uranium | Uranium in Ground Water

bgs mg/kg mg/kg mg/kg mg/kg mg/L

10 13,200 62.0 3,880 36.9 n./a.

541 11 4,840 156 7,490 15.0 0.005

542 9 3,850 60.3 6,940 6.37 0.137

10 4,570 555 44,300 20.1 1.215

543 11 3,700 68.5 61,900 39.0 n./a.

45 3,990 14.1 8,820 8.5 n./a.

c44 6 8,130 25.9 7,000 15.1 n./a.

9 7,790 487 5,090 19.0 0.046

545 8 3,510 21.0 5,230 81.4 1.342

546 9 5,700 85.3 3,810 86.2 0.031
75 2,160 130 14,600 33.6

547 10 1,750 24.0 8,010 27.1 0.772

4 1,540 187 2,600 0.39 n./a.

548 55 7,600 35.9 2,700 1.81 0.011

549 8 4,030 793 21,300 3.76 0.691

Background Locations
550 6 1,390 60.3 4,150 0.20 0.006
551 7 1,850 42.1 1,720 0.23 0.006

n./a. no data available
bgs: below ground surface

the concentrations of the column effluent. Refilling the source tank with fresh ground water after
70 pore volumes caused an increase in effluent uranium concentrations for a short time. When
the column 545 experiment was discontinued after 115 pore volumes, uranium concentration in
the effluent had decreased to 0.296 mg/L. The effluent from column 546 had lower uranium
concentrations than those from column 545 despite having similar concentrations of uranium in
soils (Table 4-4). The first outflow of column 546 contained 0.2 mg/L (Figure 4-11). After

26 pore volumes the uranium concentration had decreased to 0.067 mg/L, which is comparable
to the ground water concentration of 0.031 mg/L at field location 546. Effluent samples from
column 545 had pH values that ranged from 7.29 to 8.63. In effluent samples from column 546
the pH values ranged from 7.59 to 8.21. There was no obvious correlation between effluent pH
and uranium concentrations.

Mass balances for uranium for the column experiment were calculated. Although samples 545
and 546 contain the same amount of uranium, they showed different behavior during leaching
with natural ground water. Based on the initia and final uranium concentrations in the soils,

36.9 percent of the uranium inventory of column 545 was leached after 115 pore volumes and
just 9.4 percent of the uranium inventory of column 546 was leached after 26 pore volumes
(Figure 4-12). Although a different number of pore volumes was exchanged in both columns, the
effluent concentrations (Figure 4-11) indicate that the soils release uranium at different rates.

The iron concentration in background soil samples is between 1,400 and 1,900 mg/kg. Rusty
coloration of the soil samples was noted at locations 544, 546, 548, and 549. Figure 4-13 shows
the sandy material and gravel coated with ferric oxyhydroxides. In samples from location 548 the
colored material appears as a distinct layer above the water table (Figure 4-14). The iron
concentration at location 544 at 6 ft below the surface is 8,190 mg/kg. The layer at location 548
contained 7,600 mg/kg iron. The highest iron concentration of 13,200 mg/kg was detected at

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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location 541 at a depth of 10 ft below the surface where no coloration was noted. Iron
concentrations in the effluent of the column experiment were below the detection limit of

0.1 mg/L. The fact that iron concentrations in the soil before and after the column experiment
were similar suggests that the ferric iron present will not be dissolved. Iron concentrationsin
ground water on Site are low in shallow well 006 (screen depth 8 to 13 ft below surface). Higher
iron concentrations in the ground water were detected at co-located well 106, which is screened
from 32 to 37 ft.

Manganese concentrations in the background soil samples were 42.1 and 60.3 mg/kg

(Table 4-4). Most of the subpile soils contain manganese in the same concentration range. The
highest manganese concentration of 793 mg/kg was detected at the former ore storage area at
location 549. Managanese concentrations in the subpile soils at locations 541 and 548 range from
156 to 187 mg/kg. Although manganese and iron can both form oxyhydroxides that can adsorb
uranium, high manganese concentrations in soil or ground water are not associated with elevated
uranium concentrations at the Gunnison site. As with iron, manganese concentrations in the
effluent of the column experiment were below the detection limit of 0.1 mg/L. The shallow
ground water at the millsite contains little manganese, whereas higher concentrations are present
in deeper on-site wells such as 106, 109, and 112, which are screened from 32 to 45 ft.

Results of this investigation showed that uranium concentrations in subpile soils at the Gunnison
site are up to 400 times higher than background. Because samples where taken at locations where
thorium-230 concentrations were highest according to the completion report, no conclusion

about the spatial distribution and volume of contaminated soil can be drawn.

The column experiments, conducted with the soils having the highest uranium content, showed
that natural ground water can leach uranium over along period of time. The uranium
concentrations in the column effluent were comparable to the current concentrations in onsite
ground water, which suggests that the subpile soils at the Gunnison site are contributing to
ground water contamination.

4.4 Distribution Coefficient

As contaminated ground water migrates through soil and rock, contamination is distributed
between the solid and liquid phases. This phenomenon causes the contamination to travel at a
slower rate than the average ground water velocity. Chemical processes that retard the
contaminant plume can include adsorption, absorption, mineral precipitation, diffusion into
immobile porosity, attachment to microbes, and transfer to vapor phases. It is generaly not
possible to differentiate among these processes. However, a bulk parameter (Kd) has been used
with some success to model the retardation of contamination for many aquifer systems. Most
numerical ground water models use the Kd concept in simulations of contaminant transport. Site-
specific Kd values are approximated from Rd values that are empirically determined. A
laboratory study was conducted to determine Rd values for the alluvial system at the Gunnison
site. A summary of the study is presented below; more details are presented in the determination
of distribution ratios report (DOE 2000b).
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Figure 4-12. Uranium Concentration in Soils Before and After Column Leaching
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Figure 4—14. Rusty Colored Sediment at Location 544
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4.4.1 Definitionsand Calculations

Rd is defined as the concentration of a constituent associated with the solid fraction divided by
the concentration in the agueous phase:

(mass of solute sorbed per unit mass of solids)
(mass of solute per volume of soluti on)
Rd values are calculated from experimental data as

A- BV
Rd:% 2

Rd =

)

where

distribution ratio in milliliters per gram (mL/g),
initial concentration of the constituent in mg/L,
final concentration of the constituent (mg/L),
volume of solution (mL), and

Ms = mass of soil used in grams (g)

<UJJ>E

Kd is numerically equivaent to Rd if the system is at equilibrium and Rd is constant over the
range of conditions being considered. If Rd is constant over a large range of contaminant
concentrations, it is said to be linear because a plot of agueous concentration against solid-phase
concentration forms a straight line on an arithmetic plot. Rd data are often displayed on log-log
concentration plots. A linear arithmetic plot of Rd (referred to as alinear isotherm because
temperature is held constant) is also linear on alog log plot. The dope of alinear isotherm is
unity on aloglog plot. At elevated concentrations of a constituent, Rd often varies with the
agueous concentration. In this case, the isotherm is said to be nonlinear and cannot be accurately
represented by Kd.

The distribution of grain size influences the effect that sediment has on retarding migration of
contaminants by sorption. For example, sediment that has a high proportion of fines will usually
have a high Rd value compared with a mineralogically similar but coarser grained sediment. The
increase in sorption is due to a higher proportion of sorbent phases, such as clay minerals and
iron oxyhydroxides, and a greater surface area.

Fine-grained splits are commonly used in the laboratory to determine Rd values. The finer grain
sizes are easier to work with and require smaller equipment. Because more contaminant is sorbed
to finer grained sediment, the analysis is more sensitive and has lower detection limits than
would be possible using the coarser grained fractions. However, the results are biased toward
elevated values of Rd. The laboratory-derived Rd values should be adjusted to account for actual
grain-size distributions in the aquifer.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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Grain-size distribution data can be used to adjust the laboratory-derived values of Rd to the
coarse-grained alluvial aquifer (DOE 1999d and 1999¢). Vaues of Rd can be adjusted according
to:

Rdagj = Rd<ammy H f )
where
ROl = adjusted Rd values,
Rd<ammy = laboratory Rd measured on the less-than-2-mm fraction, and

f weight fraction of sediment that is less than 2 mm (from sieve analysis).

Use of this method assumes that there is no sorption on the greater-than-2-mm fraction. Thisisa
reasonable method for estimating distribution coefficients for input into contaminant transport
models.

4.4.2 Selection of Samples and Solution Composition

Core from the aluvia agquifer was sampled from location 043 which is outside the main plume
area and considered to be background (Figure 3-2). The lithology at this background location is
similar to that in the contaminated aquifer. Background-area core was used instead of core from
the contaminated area because of the difficulty in interpreting results from contaminated cores
(DOE 2000b). Distribution ratios were determined on samples from two depths: 29 to 31 ft
(referred to as 30 ft) and 52 to 57 ft (referred to as 54 ft).

Initially, Rd values were determined using a solution made in the laboratory that contained
concentrations of major ions similar to those present in the aquifer ground water. This synthetic
ground water, however, had considerably less dissolved carbonate than actual ground water.
Because it was difficult to prepare synthetic ground water with carbonate concentrations similar
to actual ground water, a sample of ground water was collected from well 0002 at the site and
used for the Rd determinations. Because Rd determinations using actual ground water are
believed to be more representative of site conditions, they are presented in this section. The
results using the synthetic ground water are included in the ESL report (DOE 2000b).

4.4.3 Methods

Rd data were collected using ESL Procedure CB(BE-3) (DOE 1999b), which follows an
American Society for Testing and Materials (ASTM) procedure for batchtype experiments
(ASTM 1993). A representative portion of sample was air dried at room temperature. The
samples were sieved to less than 10 mesh (2 mm). Uranium is the only contaminant tested and
was added to the ground water at a concentration of 1.0 mg/L, which is near the upper limit of
contaminant concentrations detected in ground water samples at the Gunnison site. Sulfate is also
a contaminant of concern at the site; however, sulfate is present in such high concentrations that
distribution coefficients are not applicable for determining transport. Sulfate is considered to be
mobile (conserved) in modeling studies.

A five-point isotherm was determined for each of the two samples. The appropriate mass of core
sample (1, 2.5, 5, 10, 20, or 40 g) was placed in a 125-mL Nalge bottle with 100 mL of ground
water. Samples were rotated end over end at 8 rpm for 24 hours, centrifuged at 3,000 rpm, then
vacuum filtered through a 0.45- um filter. Samples were analyzed for uranium by kinetic
phosphorescent spectroscopy using ESL procedure AP(U-2) (DOE 1999b).
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4.4.4 Resultsand Discussion

The results of the Rd determinations are presented in Figure 4-15. The colored lines on the
diagram show the position of theoretical linear isotherms for Rd values of 1, 10, 20, and

30 mL/g. Isotherms will behave ideally only if chemical conditions such as pH are similar anong
the experiments. Values of pH, akalinity, conductivity, temperature, and oxidationreduction
potential remained fairly constant in all experiments.

The isotherm for the deep (54 ft) ground water sample is reasonably linear, except for two points
with the highest dissolved uranium concentrations (Figure 4-15). The results for these two points
are sensitive to small analytical errors for either the sample solution or the parent solution.
Therefore, these two points were not used. Rd values for the other four points ranged from 3.94
to 5.47 mL/g and averaged 4.73 mL/g. For the same reason, the Rd vaue for the highest
dissolved uranium point on the shallow (30 ft) ground water sample was rejected (Figure 4-15).
The other five points are reasonably linear with Rd values that ranged from 9.43 to 15.11 mL/g,
and an average Rd value of 11.40 mL/g.

Uranium Rd values measured for samples from other UMTRA Project sites are lower than those
for samples from the Gunnison site (Table 4-5). The lower values could indicate a different
mineralogical composition of the sediments or could result from a variation in ground water
chemistry. Uranium forms strong aqueous complexes with carbonate that favor partitioning to
the dissolved phase. The lower carbonate concentrations (which are directly related to the
akalinity) in the Gunnison ground water samples favor partitioning to the sediment and may
have resulted in higher Rd values.

Table 4-5. Mean Distribution Ratios (Rd) for Uranium From Gunnison Compared With Other UMTRA
Project Sites

Site Formation (mq'/AI_lkc?fl 'ggéos) (me_cliq)
Gunnison Qal (30 ft) 208 11.40
Gunnison Qal (54 ft) 208 4.73
Shiprock Weathered Km 231 1.59%
Shiprock Unweathered Km 231 2132
Shiprock Qal (floodplain) 1,036 0.54%
New Rifle Qal 500 0.7°
Old Rifle Qal 377 0.5°¢
Old Rifle Wasatch claystone 377 1.3¢
Grand Junction Qal 260 2.15¢

Note: All samples were sieved to less than 2 mm.
Qal = Quaternary alluvium; Km = Cretaceous Mancos Shale

*DOE (1999a)
®DOE (1999d)
‘DOE (1999¢)
‘DOE (1999c)

The Rd value for the agquifer can be estimated from the less-than-2-mm fraction by normalizing it
to the grain size distributionin the aquifer and assuming that the larger fractions are not
adsorptive (DOE 2000b). The alluvial aquifer at Gunnison is composed of clay-sized material
through gravel with cobbles and occasional boulders (DOE 2000b). The two samples used for
the Rd study contained 46 and 36 percent of the less-than-2-mm fraction (Table 4-6). The
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maximum particle diameter represented in the core was limited to the core diameter of 4 inches.
By use of equation (1), the measured Rd values were adjusted to account for the proportion of
less-than-2-mm material in the sample (Table 4-7).

The chemical and physical properties of aluvial aguifers typically vary substantially both
verticaly and horizontally. The distribution of the propertiesis rarely known due to the high cost
of completely characterizing the aquifer. For this reason, it is common to apply parameters such
as Kd uniformly over the entire aquifer to make estimates of contaminant transport.

Table 4-6. Grain Size Distribution of the Gunnison Samples

Sample Number Size Fraction Weight (g) Weight Fraction
Well 0043 at 30 ft >2 mm 430 0.54

<2mm 373 0.46

>2mm 613 0.64
Well 0043 at 54 ft ~>mm 345 036

Table 4-7. Mean Distribution Ratios (Rd) for Uranium From Gunnison Adjusted for Grain Size

Formation Unadjusted Rd (mL/qg) Adjusted Rd (mL/g)
Qal (30 ft) 11.40 5.24
Qal (54 ft) 473 1.70
Average 3.47

Qal = Quaternary alluvium

While this approach is not likely to accurately predict all details of contaminant migration, it
provides a rough estimate of the trends and can help in making remediation decisions. The single
Rd vaue that is most representative of the aluvia aquifer for Gunnison is an average of the two
adjusted values (3.47 mL/g) measured using actua ground water.

4.5 Ecological Investigation

In general, the goal of ecologica field investigations under the UMTRA Project is to acquire
data to determine if site-related contamination may adversely affect ecological receptors (flora
and fauna). Data needs include species composition, ecological interactions, contaminated

media, contaminant concentrations, and exposure pathways. This section summarizes the data
collected and identifies any additional data needs. Section 6.0 of this document evaluates the data
and draws conclusions as to the level of risk presented by site-related contamination to receptors.
A preliminary risk assessment was completed in 1990 that specifically addressed human health.
However, the first Ecologica Risk Assessment (ERA) was documented in the BLRA

(DOE 19963).

Because UMTRCA does not specify ERA protocol, the UMTRA Ground Water Project adopted
the EPA 1992 risk assessment guidance as a best management practice. The BLRA preceded
EPA 1998 risk assessment guidelines. The data and subsequent evaluation (Section6.0) were
developed to support a risk-based compliance strategy that is protective of the environment.
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45.1 Abiotic Sampling and Analysis

Characterization (sampling and analysis) of ground water was conducted to determine if
concentrations of site-related contaminants exceed background or MCL s established in

40 CFR 192. If ground water concentrations exceeded background levels, then the constituent
was retained and evaluated for potential ecological risks. Table 3.1 of the BLRA summarizes the
characterization results for key constituents. Section 3.3 and Table 3.2 of the 1996 BLRA
identified ecological constituents of potential concern (E-COPCs) for those contaminants that, on
average, exceeded background ground water concentrations. They are ammonium, calcium,
cadmium, cobalt, iron, lead-210, magnesium, manganese, nickel, polonium-210, potassium,
silica, sodium, strontium, sulfate, thorium-230, uranium, and zinc.

These contaminants became the focus for analysis in contaminated media. Because soils were
remediated to standards in 40 CFR 192 under the surface remediation program, both soils and air
are eliminated as contaminated media. However, ground water does present a possible exposure
route. The primary concern is the possibility that contaminated ground water may be
hydraulically connected to surface water, thereby creating the potential to contaminate adjacent
streams, rivers, or ponds. Because the Gunnison River, Tomichi Creek, a campground pond, and
Valco ponds are close to the ground water contamination, they are included for evaluation
(Figure 3-2). Therefore, ground water, surface waters, and associated sediments are the media
that will be the focus for purposes of the ERA. These media were selected because both direct
and indirect pathways to ecological receptors are possible.

Ground water data were used to determine E-COPCs for terrestrial receptors. Surface water and
sediment sampling was conducted for determining E-COPCs for primarily aguatic receptors.
This section summarizes data collection efforts reported in Sections 3.0 and 7.0 of the BLRA.

On the basis of the identified E-COPCs, surface water sampling locations were established in the
Gunnison River, Tomichi Creek, a campground pond, and the Valco pond. Table 4-8 identifies
surface water sampling locations for the E-COPCs as shown on Figure 3-2. Filtered surfaced
water samples were collected at four locations from 1989 through 1993 and at one location from
1989 through 1995. Unfiltered samples were collected at locations 775, 776, 778, and 779 in
October 1990. L ocations 775778 were not sampled after the 1993 sampling event. Location779
continued to be sampled until October 1995.

Table 4-8. Summary of Surface Water Sampling Addressed in the BLRA

Location No. Medium Location Purpose/Sampling Period
775 Surface water Gunnison River ?ggggrlogugng conc#ntratlons (upstream)
776 Surface water Gunnison River i:%l;(_:l%ognscentrat?ons (downstream)
777 Surface water Tomichi Creek g:éJSF;(_:lgognscentratlons (T:iownstream)
778 Surface water Tomichi Creek ?gggg;_oguggd concentrations (upstream)
779 Surface water Campground pond &E)SF;(_:lcgognscentratlons (pond)
DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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Surface sampling locations 780, 792, and 795 (Table 4-9) were not included within the scope of
the BLRA but are included here to comprehensively evaluate potential risks.

Table 4-9. Summary of Surface Water Sampling Locations Not Addressed in the BLRA

Location No. Medium Location Purpose/Sampling Period
Evidence of ground water COPCs influencing pond water.
780 Surface water Valco pond 1990-1995
792 Surface water Gunnison River Background concentrations (upstream from location 775)

1997-Present

Gunnison / Tomichi | COPC concentrations (downstream from location 776)

795 Surface water Creek confluence 1997-Present

Location 780 was sampled annually from 1990 to 1995. Locations 792 and 795 have been
sampled annually from 1997 to the present. No explanation was found in site documentation as
to the rationale for exclusion of location 780 data in the BLRA, nor for the addition of locations
792 and 795 in 1997. It is assumed that the latter two locations were established because the
origina Gunnison River locations (775 and 776) could not be located or confirmed in the field,
and no data had been collected from these locations since 1993. Table 4-10 summarizes those
E-COPCs that were found to be above background for all surface water sampling locations. If no
X appears in a box, the contaminant concentration did not exceed background concentrations.

Table 4-10. Summary of Downstream or Pond Surface Water Sampling Results That Exceeded Surface
Water Background Concentrations (based on average concentration)

E-COPC 776° 777 779° 780° 795°
Ammonium
Calcium X X
Cadmium
Cobalt X
Iron X
Lead-210
Magnesium X X
Manganese X
Nickel
Polonium-210
Potassium X
Silica X Notef
Sodium X
Strontium
Sulfate X X
Thorium -230
Uranium X
Zinc X

Results compared to background at location 775
PResults compared to background at location 778
°Results compared to background at location 775 and 778
9Results compared to background at location 792
°Results compared to background at location 792

fSilca was not sampled for at this location.

Sediment samples were collected in 1993 at |ocations 775 through 779. The BLRA states that
only manganese, molybdenum, uranium, and zinc were sampled; however, no rationae is
provided as to why these constituents were selected. It is assumed these metals were identified as
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a potential concern. No documented sediment sampling for E-COPCs was conducted at locations
780, 792, or 795. Table 4-11 summarizes the sediment sample results.

Table 4-11. Summary of Sediment Sampling Results That Exceeded Background Sediment

Concentrations
F.-COPC 77R 777 779
Manganese X
Molybdenum
Uranium X
Zinc X

45.2 Biotic Sampling and Analysis

There is no information in the BLRA or site documents addressing chemical analysis of plants.
This may be due to the lack of evidence that plants are in contact with either contaminated
ground water or surface water.

Chemical analyses of fish tissue samples were conducted for fish that were caught from the
Gunnison River, Tomichi Creek, and the campground pond. The purpose of the analyses was to
determine any potential human health risks as a result of fish ingestion. No screening level
assessment for ecological risks was addressed in the BLRA. It is assumed that data collected at
that time did not support the need for further assessment. No biotic sampling was conducted in
the Valco pond, which is known to contain fish populations and is used for sport fishing.

4.6 Water Quality Sampling

Routine water quality sampling was performed in October 1999 and included 41 DOE monitor
wells and two surface water locations. Results are included in the SEE-UMTRA database, and
selected parameters are provided in Appendices D, E, and F. Complete water quality data are on
a CD attached to this document.

The “buffer zone” domestic wells were also sampled in October 1999 according to the Water
Sampling and Analysis Plan (DOE 1995). Results were well below action levels prescribed by
CDPHE.

4.7 Bioremediation Sampling

Sediment sampling at several locations was performed for the Natural and Accelerated
Bioremediation Research field effort. The objective of this sampling was to characterize
biotransformations occurring at the site which would enable predictions of natural
bioremediation under field conditions. Backhoe samples were taken adjacent to the wells that
were installed for the aquifer pumping tests at three locations downgradient from the former
processing site and from one location in the southwest part of the site. Samples were also taken
from several intervals during drilling of one of the wells. Sample recovery was good because the
SONIC drilling method captures a 3%2-inch core of the material penetrated. Ground water
samples were aso collected from the well. The vicinity of monitor well 136 was of particular
interest because sulfate reduction had been observed there.
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Ground water was aso analyzed on site during the aquifer pumping tests in wells 044 and 047 to
assess changes in water quality over time while pumping the wells (DOE 2000c). Ground water
chemistry parameters included uranium, nitrate/nitrite, ammonium, sulfate, alkalinity,
conductivity, pH, and ORP. Overall, concentrations of all constituents remained reasonably
constant during both pumping tests. Water chemistry was similar between the two wells, but
well 047 was somewhat higher in sulfate concentration and lower in ORP. Apparently there was
little chemical stratification over the depth range that was affected by the pumping tests.
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5.0 Conceptual Site Mode

The conceptual site model is based on the existing characterization information and will be used
to determine site conditions, fate and transport of contaminants, evaluate the potential for risk to
human health and the environment, assess manageable uncertainties, and determine the
compliance strategy for ground water protection at the site.

5.1 Hydrogeology

5.1.1 Geologic Setting

The Gunnison processing site is located on the northern margin of the San Juan Mountains (that
formed during the Laramie orogenic event) and in the eastern edge of the West Elk volcanic field
of Tertiary age. Widespread recent floodplain and terrace deposits (referred to as alluvium)
associated with the Gunnison River and Tomichi Creek underlie the Gunnison processing site
and surrounding area (Figure 5-1) (Ellis, et al. 1987). The alluvium is complex and is composed
of poorly sorted sediments ranging from clay-sized material through gravel with cobbles and
occasional boulders and generally becomes more clayey with depth. The alluvium ranges from
72 ft to greater than 130 ft in thickness and extends beyond the bottom of most of the wells
installed by DOE (Figure 5-2). Underlying the aluvium is a discontinuous unit of unknown
extent and thickness identified as the Brushy Basin Member of the Jurassic Morrison Formation.
This formation is not a significant water-bearing unit and is considered the lower confining unit
of the dluvial aquifer. Lithology from this unit penetrated in deeper wells is a soft to moderately
hard shale. The formation is composed of low-permeability shale that separates the overlying
alluvium from the deeper units.

5.1.2 Hydrologic System
5.1.2.1 Alluvia Aquifer

Ground water occurs under unconfined conditions in the aluvial aquifer beneath and
downgradient from the Gunnison site. Much of the information regarding the alluvial aquifer is
derived from water level data collected from the network of monitoring wells located in the
vicinity of the site. At five locations (the 013/113 cluster, 145/147 cluster, 096/196/197 cluster,
088/188/189 cluster, and 061/160/161 cluster), water levels collected from wells screened over
different zones of the aluvial aquifer have been continuously monitored by dataloggers since
October 1994. Across the site, the depth to the top of the water table ranges from approximately
2 to 11 ft. The ground water elevations generally peak in the spring and summer months and may
fluctuate more than 10 ft over the course of ayear (Figure 5-3).

Vertical ground water gradients within the alluvial aguifer are generally downward. As shown in
Figure 5-3, at each of the five locations the higher ground water surface elevations are generally
associated with the wells screened over the shallow portion of the aquifer, followed by the
elevations measured in the wells screened over deeper zones of the aquifer. At various times
during the year, the vertical gradients in the past have changed from downward to upward, as
exhibited by the 096/196/197 cluster.

The general ground water flow direction is toward the southwest at an average horizontal
gradient of 0.005. Figure 54 shows the average ground water flow direction based on May 1999

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
March 2001 Page 5-1



Conceptua Site Model Document Number U01024

data. There appears to be minimal difference between the various depths within the aguifer; the
deeper zones exhibit a similar ground water flow direction and gradient.

The Valco, Inc. gravel pit operation to the south influences the ground water flow regime in the
immediate vicinity of the site. From mid-May through August the excavation is dewatered by
pumping 2,000 to 4,000 gpm on a continual basis, with all water discharged into an adjacent
pond. This dewatering activity creates a steeper ground water gradient in the vicinity of the
excavation and tends to create a ground water mound to the south.

Hydraulic conductivity estimates range from 103 to 171 ft/day for the alluvial aquifer
(Appendix G Calculation Set U0082900). Based on a ground water gradient of 0.005 and an
estimated effective porosity of 0.27, the average linear ground water velocity ranges from 1.9 to
3.2 ft/day.

5.1.2.2 Surface Water Interaction

Both Tomichi Creek and the South Fork of the Gunnison River significantly influence the
aluvia aguifer. Daily mean streamflow data in cubic feet per second (cfs) are available from the
U.S. Geological Survey (USGS) gaging stations located on the Gunnison River north of the site
(station 09114500) and on Tomichi Creek south of the site (station 09119000). As shown in
Figure 5-5, there is a correlation between the ground water elevation and the Gunnison River
and Tomichi Creek streamflow. As a genera rule, the well clusters located adjacent to the
Gunnison River respond more quickly to fluctuations in the river stage.

5.1.2.3 Aquifer Recharge/Discharge

The Gunnison River and Tomichi Creek are the main recharge sources for the aluvial aquifer.
Other sources include flood irrigation during the late spring to late summer on the pasture area
southwest (downgradient) of the site, and irrigation of the golf course, which applies up to
200,000 gallons per day (gal/day) during the spring and summer months to the area west of the
site. Snowmelt and precipitation infiltration also recharge the aluvia aquifer to a lesser extent.

The ground water surface elevation and streamflow data suggest that the high ground water
elevations measured in the summer and fall and the lower elevations in the winter and early
spring are influenced by the Gunnison River and Tomichi Creek stages. Figure 5-6 shows the
ground water temperature variations plotted with water table fluctuation from October 1998
through January 2000. Sitewide, ground water temperatures range from 2 to 14 °C (36 to 57 °F)
over the course of 1 year. This range of temperature suggests alluvia aguifer recharge asa
function of surface water. As the figure shows, there is alag of approximately 3 to 4 months
between the maximum ground water level (May through June) and the maximum temperature
(September through October).

Discharge from the shallow zone (less than 20 ft below ground surface [bgs]) of the aluvial
aquifer isto the Gunnison River and Tomichi Creek at various times of the year. Transpiration
from the irrigated pasture downgradient of the site also provides discharge from the aquifer.
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Figure 5-3. Ground Water Elevations in Different Zones of the Alluvial Aquifer
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Figure 5-6. Ground Water Temperature and Depth at the Gunnison Site

5.2 Geochemistry

DOE collected ground water, surface water, and soil data at the Gunnison site from 1985 to
1999. Data from those sampling events were used to assess the geochemical condition at the
Gunnison site. Data are available in the SEE-UMTRA database and |ocations of recent and
abandoned wells are shown on Plate 1. A summary of recent surface and ground water sample
analyses from 1997 to 1999 is presented in Appendix D. The more extensive and comprehensive
data set is presented in Appendices E and F (CD-ROM format) attached to this document.

Data used to assess the current ground water quality were from the two most recent routine
sampling events in May and October 1999. Because the seasonal water table fluctuation of
approximately 10 ft might affect concentrations of elements in the ground water, an average
value for both sampling events was used to evaluate the ground water quality. If no data for the

two most recent sampling events were available, the |last available data set was used to assess the
water quality.
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5.2.1 Surface Water Quality

Surface water is present in the Gunnison River and Tomichi Creek as well asin ponds at the
Valco, Inc. gravel pit and the KOA campground near the former millsite. Surface water samples
were taken in May and October 1999 from the Gunnison River at sampling point 792 upgradient
and at sampling point 795 downgradient of the millsite. Table 5-1 summarizes the surface water
quality for the Gunnison site for selected constituents.

Table 5-1. Summary of Surface Water Quality at the Gunnison Site

Sampling Point
792° 795° 778° | 777° 779° 780°
Analyte® Gunnison River Tomichi Creek
goe%rriljjvgg Ne?;\évell Gold sr'ciljéneRoad End oljaljlaélrway KOA Pond Valco Pond

Cadmium <0.001 <0.001 <0.001 <0.001
Magnesium 4.9 5.0 10.4 11.3 13.3 20.9
Manganese 0.009 0.015 0.05 0.05 <0.01 0.03
Nitrate 0.20 0.19 1 35 n./a. n./a.
Selenium <0.001 <0.001 0.005 0.005 n./a. n./a.
Sulfate 12.9 12.6 17 24 17.2 181
Sr?glggnz-é% 1.09 1.10 n./a. n./a. n./a. n./a.
Iron 0.025 0.029 0.1 0.05 0.03 0.03
Uranium <0.001 <0.001 0.003 0.003 0.02 0.052
Vanadium n./a. n./a. 0.01 0.01 n./a. n./a.

“Concentrations in mg/L except radium in pCi/L
bcurrently sampled May/Oct 99

‘last sampled 8/30/89

Yast sampled 10/9/95

“last sampled 5/10/95

‘combined Radium -226 and -228

n./a. no data available

Surface water quality is generaly good. The average pH in the Gunnison River is 7.5; average
total dissolved solids (TDS) concentration is 105 mg/L, and alkalinity as CaCO3 averages

75 mg/L. Uranium concentrations and metal concentrations in the stream water are low. An
analysis from 1995 from a pit on Valco, Inc. property showed uranium concentrations above
0.044 mg/L.

5.2.2 Ground Water Quality

Ground water pH at the Gunnison site averages 7.3 and ranges between 5.2 and 8.5. TDS
concentrations range from 110 to 2,280 mg/L. Highest concentrations were detected in ground
water beneath the millsite. The geochemical conditions are intermediate to oxidizing, and the
ORP ranges from -214 to 276 millivolts (mV). Maor ions in the ground water are calcium and
magnesium. The alkalinity averages 200 mg/L CaCOs3 but can be as high as 1,075 mg/L CaCOs
on the west side of the Gunnison River. The ground water beneath and downgradient of the
millsite is dominated by sulfate.

DOE/Grand Junction Office
March 2001
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5.2.2.1 Background Ground Water Quality

Background ground water quality is defined as the quality of water in portions of the aquifer that
were unaffected by milling activity. Wells 001, 101, 002, and 102 are upgradient of the millsite
and represent background ground water quality at the Gunnison site. Table 5-2 lists geochemical
parameters such as pH, ORP, and TDS as well as constituents commonly present at uranium mill
tailings sites. The average pH in the background wellsis 7.3, alkalinity is 215 mg/L CaCOs, and
TDSis 312 mg/L. The ground water is dominated by calcium.

Table 5-2. Background Concentrations of Constituents in Ground Water at the Gunnison Site

Analyte® UMTRA MCL Backgroundb Range
Cadmium 0.01 <0.001 < 0.001-0.002
Iron 0.18 0.006 - 10.3
Magnesium 15.7 5.58 -59.3
Manganese 0.03 <0.001-18.6
Nitrate 44 4.4 <0.01-6.38
Radium-226 and —228° 0.92 0.52-3.03
Selenium 0.01 <0.001 < 0.001-0.004
Sulfate 20.0 11.6 — 1810
Uranium 0.044 0.003 <0.001-0.95
pH 7.3 52-113
ORP (mV) 14 214 - 276
TDS 312 110 - 2280

data: average May/October 1999
@Concentrations in mg/L except radium in pCi/L
Paverage from well 001, 101, 002, 102
‘combined “°Ra + “*Ra

5.2.2.2 Fate and Transport of COPCs

Uranium, sulfate, and manganese were identified as COPCs in the BLRA (DOE 1996a).
Uranium and manganese were retained as COPCs for quantitative risk analysisin the BLRA
update in Section 6.1.2 of this document because they are elevated over background in ground
water in the alluvia aguifer. Sulfate was eliminated from further consideration as a COPC
because concentrations are below 1,500 mg/L. The EPA has recently indicated that levels of
sulfate in drinking water up to 1,500 mg/L may result in no adverse health effects (EPA 1999
and Section 6.1.2).

Uranium is the primary COPC and indicator of site-related contamination in ground water.
Concentrations of uranium in ground water exceed 1.0 mg/L beneath the site and exceed the
MCL of 0.044 mg/L to approximately 1,000 ft downgradient from the site boundary beneath the
adjacent gravel mining operation. Concentrations of uranium in ground water below the MCL,
but above background, extend approximately 7,000 ft downgradient from the site boundary and
have migrated beneath the Gunnison River just beyond the confluence with Tomichi Creek. The
zone of contamination attenuates and migrates downward as it progresses laterally. Since
uranium is the primary indicator of site-related contamination, it was used in the ground water
flow and transport modeling, which is the basis for verifying the applicability of natural flushing
as the compliance strategy for ground water cleanup at the Gunnison site (see Sectiors 5.4 and
7.2.3).

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Manganese is a'so a COPC in ground water with elevated concentrations beneath the site and
less than 1,000 ft downgradient from the site boundary. Manganese does not appear to be
widespread in the aquifer and concentrations beneath the site are decreasing. Thereisno MCL
for manganese so an acceptable human health risk-based level of 1.7 mg/L has been established
as the standard (Section 6.1). Concentrations of manganese above the standard would pose
unacceptable noncarcinogenic risks through regular ingestion of ground water as the primary
source of drinking water; however, installation of the water supply system in the area has mostly
eliminated this pathway. Concentrations of manganese in shallow ground water in the area where
domestic wells are still used as a source of drinking water are well below the acceptable human
health risk-based level (Section 3.2.2 and Appendix E). Locally elevated levels of manganese
(2.065 mg/L), unrelated to site activities (based on background levels of uranium in ground water
in these wells), have been observed in monitor well 196 (screened from 53 to 58 ft in depth)
northwest of the Gunnison River (Figure 5-9). Manganese in ground water is not a magjor
concern because of generally decreasing concentrations beneath the site, downgradient
concentrations less than the standard or not related to site activities, geochemica conditions that
generally minimize elevated concentrations of manganese in the shallow alluvial aguifer, and no
apparent unacceptable risks to human health and the environment. Thus, manganese has not been
included in the ground water flow and transport modeling. Manganese will be analyzed during
the monitoring program to ascertain that concentrations continue to decrease over time.

Some constituents are readily transported by ground water, whereas others are strongly
partitioned on immobile solid mineral phases. The rate of contaminant migration and the
concentration in the ground water are controlled by the biogeochemical nature of the aquifer.

Manganese mobility is related to the ORP of a soil or sediment. Manganese forms oxide minerals
under oxidizing conditions and is soluble under more reducing conditions. Therefore, the more
oxidized a sediment is, the more likely it is to have higher concentrations of manganese.
Manganese occurs in the 2+ and 4+ oxidation states at the Gunnison site. In the dissolved state, it
is present mainly as Mrf* ion. Its redox chemistry is similar to that of iron. Manganese will also
partition to sediment by substituting for calcium in calcite. The concentrations of manganese in
ground water samples from the Gunnison site range from < 0.001 mg/L to 18.6 mg/L.

In alluvial ground water, dissolved sulfur occurs mainly as the unassociated sulfate ion (SO4%).
The precipitation of gypsum (CaSO,) or sodium sulfate (NaSO,4) can partition significant
amounts of sulfate into the solid phase. The concentrations of sulfate in solution will remain high
even in the presence of these minerals. Much of the concentration gradient in ground water is
caused by mixing with other ground water and dispersion. Under reducing conditions brought
about by microbia stimulation, sulfate can form sulfide that precipitates heavy metals and
arsenic. Sulfate concentrations at the Gunnison site are as high as 1,800 mg/L.

Most naturally occurring uranium is either in the uranyl (6+) or the uranous (4+) oxidation state.
The uranyl form is predominant in oxidized ground water. The uranyl ion forms strong aqueous
complexes with carbonate, and urany! bicarbonate [UO2(CQs),%] is a dominant mobile species.
Uranium adsorbs to ferric oxyhydroxide and clay minerals in soils and rocks. Under reducing
conditions, uranium precipitates as uraninite (UO>), which has alow solubility. The reduction is
catalyzed by microbia activity. Uranium concentrations in ground water samples at the millsite
and downgradient exceed the UMTRA Project MCL of 0.044 mg/L.

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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5.2.2.3 Aread Extent of Ground Water Contamination

The spatia distribution of contamination is shown on plume maps for uranium, sulfate, and
manganese in Figure 57, Figure 5-8, and Figure 5-9, respectively. The two most recent data
sets were used to prepare the maps. Average uranium concentration from the May and

October 1999 sampling was calculated for each well. Because wells with different depths are
clustered at the Gunnison site, the maximum average concentration for each cluster was used for
the calculation and is posted on the map. Contours were calculated using the kriging method.
Because of insufficient data points southwest of the millsite, the contour lines were adjusted
manually. The cut-off value for plotting the uranium plume in ground water isthe MCL of
0.044 mg/L (Figure 5-7). The cut-off values for sulfate and manganese in Figures 5-8 and 5-9
were set at 750 and 1.7 mg/L, respectively, as these values are related to acceptable human
health risk-based levels (see Sections 6.1.2 and 6.1.3), and aso illustrate the orientation of the
most highly concentrated portions of the plumes. All concentration values for uranium,
manganese, and sulfate are plotted on the diagrams to show the distribution of lower
concentrations in the area.

Maximum concentrations for uranium (0.912 mg/L), sulfate (1,295 mg/L) and manganese
(17.75 mg/L) were detected in ground water at the millsite. Elevated concentrations are only
present in shallow wells up to 30 ft in depth. The ground water flow from northeast to southwest
forms a kidney-shaped plume area. The uranium plume in Figure 5-7 was extended to include
well 183. Although a continuous plume area could not be inferred from the limited data between
the millsite and monitor well 183, it was assumed that the concentration extends into the deeper
part of the aquifer. Time series and a three dimensional model presented later show the westward
extension of the plume.

A three dimensiona graphic was used to visualize the movement of the uranium plume over time
(Figure 5-10). Average uranium concentrations in ground water for the years 1990, 1995, and
1999 were used as input parameters for the kriging calculation. Areas where the concentrations
exceed the MCL of 0.044 mg/L are colored yellow, orange, or red. A concentration of

0.020 mg/L for uranium was used as the lower bound, rather than the background concentration,
to provide an optimal visual representation of the uranium plume. Figure 5-11 shows the
uranium plume in ground water in 1999 without the green coloration (interva between 0.020 and
0.044 mg/L) to show the higher contamination above the MCL in the deeper part of the aquifer
downgradient from the site. Varying sampling frequency and data gaps can affect the shape of
the plume; for example, the separated areas of contamination in the subsurface in 1990, as well
as the separated areas in Figure 5-11, are artifacts resulting from data gaps. The main area of
ground water contamination is in the shallow ground water close to the millsite. As the
contamination moves farther downgradient toward the river, flood irrigation of the pastures
southwest of the site causes a downward gradiert trend that results in contamination being found
in deeper wells.

Figure 5-12 through Figure 5-18 show the uranium, sulfate, and manganese concentrations over
time for various locations. The time frame of the surface remediation is marked on the charts.
Figure 5-12 shows the concentrations in ground water at the millsite. Uranium concentrationsin
the shallow wells have been relatively constant over the past 10 years at about 1 mg/L. Even
after completion of the surface remediation, uranium concentrations on site have not decreased
considerably. Sulfate is present in the shallow wells as well as the deeper wells on site. Sulfate
concentrations in ground water on site decrease dightly, as do the manganese concentrations.
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Figure 5-10. Extent of Uranium Concentrations >0.02 mg/L in Ground Water in 1990, 1995, and 1999
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Figure 5-16. Ground Water Concentrations Over Time at Well Cluster 088, 188, and 189
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Manganese is predominant in the deeper wells, probably because of lower redox conditions
causing a greater mobility of the element.

WEell cluster 013, 113, and 170 is located downgradient just beyond the southwest boundary of
the millsite. The time-concentration plotsin Figure 5-13 illustrate that the surface remediation
disturbed the geochemical conditions in the ground water. After surface remediation was
completed the uranium concentrations decreased significantly and are currently below the MCL
for wells 13 and 170. Well 113 is screened between 41 and 46 ft, and although concentrations are
above the MCL, the trend shows a decrease through time. Manganese and sulfate concentrations
show a similar decreasing trend.

WEell cluster 125, 126, and 127 is located in the pasture about 1,500 ft downgradient of the
millsite. Uranium concentrations in all three wells are currently below the MCL and continue to
decrease (Figure 5-14). Higher uranium and sulfate concentrations are in well 127, the deepest
well at that location (screened from 94 to 99 ft bgs).

WEells 181 and 183 are farther downgradient from the millsite. Well 183 is screened between 93
and 98 ft and shows increasing uranium concentrations (Figure 5-15) before and after surface
remediation. Concentrations are currently as high as 0.05 mg/L. This well was included in the
uranium plume map (Figure 5-7) because it showed elevated concentrations above the MCL for
the last 10 years. The uranium contamination is present in the deeper part of the aquifer. Sulfate
concentrations increased dightly over the last few years and are currently as high as 300 mg/L.

WEells 88, 188, and 189 between the north and the south fork of Gunnison River and the well
cluster 60, 160, and 161 at the confluence of Gunnison River and Tomichi Creek show
increasing uranium concentrations (Figure 5-16 and Figure 5-17). In both clusters the
intermediate wells 160 and 188 are screened between 50 and 60 ft bgs. Uranium concentrations
in well 188 are currently as high as 0.036 mg/L. Sulfate concentrations in wells 188 and 189
have reached a plateau of 230 mg/L and 157 mg/L, respectively. Sulfate concentrationsin wells
160 and 161 west of the river are till relatively low but are increasing.

Figure 5-18 shows the concentrations for uranium, sulfate, and manganese over time for wells
126, 186, and 196, which are screened between 53 and 58 ft bgs and are admost in aline from
east to west across the Gunnison River. Uranium concentrations in well 126 vary between

0.015 mg/L and 0.06 mg/L, whereas concentrations in well 186 decrease dightly and have been
below the MCL for the last 5 years. Ground water in well 196 has uranium concentrations
comparable to background. From 1984 to 1997, sulfate concentrations in well 126 decreased
from 900 mg/L to 47 mg/L but vary between 30 and 400 mg/L currently. Manganese
concentrations have been below 0.3 mg/L for the last 16 years. Farther downgradient in well 196
uranium and sulfate concentrations remained low. In general, manganese concentrations in
ground water west of the Gunnison River remained between 2 and 3 mg/L. If manganese in
ground water at well 196 was mill related it might be residual contamination or from a different
source. Ground water in well 163, which is located farther downgradient from well 196, has had
low manganese concentrations for the last 15 years. This suggests that there might be another
source for manganese which is not mill related. The redox conditionsin al three wells are
similar and the average ORP ranges from -15 mV to 48 mV.
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5.2.3 Summary of Geochemical Conditions

The results of the subpile soils investigation and the Kd study were presented in Sections 4.3 and
4.4. Uranium concentrations in subpile soils at the Gunnison millsite are up to 400 times higher
than background concentrations. Due to the limited number of samples and the sampling
technique, no conclusions about the spatial distribution of uranium at the former millsite can be
drawn. Samples 545 and 546 represent two different types of contaminated soil. Although both
types contain the same uranium inventory, leaching with ground water caused sample 545 to
release uranium constantly over along period of time, whereas sample 546 released less uranium
and concentrations in the effluent were close to the MCL after a short time. Ground water at on
site monitoring wells have had uranium concentrations of about 1 mg/L for severa years
(Figure 5-12). Thisindicates that soils similar to sample 545, which release uranium over along
period of time, might be the most common type of soil present on site.

The distribution coefficient for uranium at the Gunnison site was determined to be between 1.70
and 5.24 mL/g. A Kd value of 3.47 was used for modeling, which is high compared to values
used at other UMTRA sites.

5.3 Ecology

The flora and fauna of the Gunnison millsite and surrounding area were investigated between
1984 and 1992. The Environmental Assessment of Remedial Action at the Gunnison Uranium
Mill Tailings Site Near Gunnison, Colorado (DOE 1992a) documents the results of the
investigations and lists the potential ecological receptors, including threatened or endangered
species. An Endangered Species Act Section 7 consultation with the U.S. Fish and Wildlife
Service concerning surface remediation resulted in a“may affect” determination in the biological
opinion (letter from USFWS, December 11, 1990) for one threatened or endangered species.
This determination was based on depletion of river water that may affect the razorback sucker.
No determination was made at that time concerning the effects of site-related contaminants on
ecological receptors.

54 Ground Water Flow and Transport Modeling

A ground water flow and transport model was developed to evaluate if natural processes will
reduce site-related uranium concentrations to regulatory levelsin the alluvial agquifer within

100 years. Since uranium is the primary indicator of site-related contamination, it is the basis for
verifying the compliance strategy for ground water cleanup at the Gunnison site (manganese was
not included for reasons discussed in Section 5.2.2.2). Two different versions of the model were
developed and employed to address conditions in the vicinity of the site. A steady state flow and
transport model was used as the basis for the stochastic model. A steady state stochastic flow and
transport model was used to quantify the uncertainty in flow and transport parameters. Based on
modeling results, natural flushing appears to be an acceptable compliance strategy that allows
natural processes to reduce the ground water contaminants to below the MCL within 100 years.

The existing ground water flow pattern at the Gunnison site was modeled using the MODFL OW
software package (McDonad and Harbaugh 1988), a multi- layered, three-dimensional
hydrologic flow model published by the USGS. Output from the flow model was used as input to
MT3DMS (Zheng 1999), a version of a modular three-dimensional transport model to simulate
advection, dispersion, and chemical reactions of contaminants in the ground water system. The
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distribution coefficient (Kd) was identified as the most sensitive input parameter. Dewatering
activities of the Valco, Inc. sand and gravel operation impact the ground water flow patterns of
the alluvial aquifer in the vicinity of Valco, Inc. during the months of operation. In genera, this
activity seems to enhance the natura flushing of uranium by withdrawing ground water and
accelerating the migration of the plume beneath the site toward the dewatering pit. In addition,
the ground water mound created by the overflow pond pushes ground water downgradient, which
tends to disperse and dilute contaminant concentration to a greater extent than natural flushing
alone. However, sensitivity analysis shows that this operation has little effect on the maximum
uranium concentration remaining after 100 years. Therefore, the steady state flow and transport
modeling effort did not include the dewatering activity. The steady state stochastic flow and
transport were also model ed without the dewatering activities. Contaminant transport was
modeled with an average Kd = 3.47 mL/g (see Section 4.4).

Details regarding the model construction, steady state calibration, and steady state stochastic
parameters are presented in Appendix H. The codes used are fully described in the references
cited and have been verified, benchmarked, and approved for use by most government and
regulatory agencies. A summary of the modeling results is presented in the following sections.

54.1 Steady State Model

Predicted uranium concentrations in ground water after 100 years are presented in Figure 5-19.
The simulation predicts the maximum concentration will decrease to 0.041561 mg/L, whichis
below the cleanup standard of 0.044 mg/L.

5.4.2 Steady State Stochastic M odel

Similar results are predicted by the steady state stochastic modeling effort. Figure 5-20 presents
the results after 100 years. Maximum average concentrations are below the standard at 0.042583
mg/L. The stochastic ssimulations predict that after 100 years there is a moderate probability
(41%) that the maximum concentration will be greater than the proposed standard over a small
area of the alluvia aquifer (Figure 5-21).
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Figure 5-21. Probability of Uranium Concentration Exceeding the UMTRA 0.044 Standard at 100 Years
(200 simulations)
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6.0 Risk Assessment
6.1 Human Health Risk Assessment

A BLRA (DOE 19964a) was previoudly prepared for the Gunnison site according to methods
provided in the PEIS (DOE 1996b). Much of the data used in that risk analysis were collected
before completion of surface remediation (data for characterizing the contaminant plume were
collected from 1990 to 1993). Since that time, additional data have been collected and many
contaminants have shown significant changes (mainly decreases) in concentration since
completion of the original BLRA. This necessitates a reevaluation of COPC identification and
assessment of associated risks. The intent of this BLRA update is to use those earlier results and
conclusions as a starting point from which to evaluate the more recent data.

6.1.1 Summary of 1996 BLRA

The 1996 BLRA identified 19 constituents associated with the Gunnison site as being present at
levels statistically above background concentrations for the area. This initial list was screened to
first eliminate constituents with concentrations within nutritional ranges and then to eliminate
contaminants of low toxicity and high dietary ranges. These two steps eliminated five
constituents each, resulting in the following COPC list: cadmium, cobalt, iron, lead-210,
manganese, polonium-210, sulfate, thorium-230, and uranium. These contaminants were retained
for further risk analysis.

A number of potential routes of exposure were evaluated: (1) ingestion of ground water as
drinking water in aresidential setting, (2) dermal contact with ground water while bathing,

(3) ingestion of garden produce irrigated with ground water, (4) ingestion of milk/meat from
livestock watered with ground water, and (6) ingestion of fish from the Gunnison river and
Tomichi Creek. Results indicated that adverse toxic responses from exposure to contaminants
from routes other than drinking water would not be expected. Therefore, it was determined that
ingesting ground water as drinking water would be the primary contributor to total exposure.
Conseguently, the use of ground water as drinking water in aresidential setting was evaluated
probabilistically. For additional information on other potential exposure routes and for the
probabilistic methodology, see the BLRA (DOE 1996a).

Results of the BLRA showed that the most severe noncarcinogenic health effects could occur
from the manganese and iron content of the water and to a lesser extent from sulfate
concentrations present. Although some questions exist regarding the toxicity of uranium, it was
also recommended for retention as a noncarcinogenic COPC. Carcinogenic risks calculated for
uranium exceeded the upper bound of EPA’s acceptable risk range of 1 H 107,

6.1.2 BLRA Update

This BLRA update uses the COPC list from the original BLRA as a starting point to evaluate
current data. Table 6-1 lists the COPCs identified in the 1996 BLRA, along with a summary of
historical plume data (1989 to 1993; from the 1996 BLRA) and current (1998 and 1999) plume
data. Background data (1995 to 1998) are aso included. Plume data include on-site and
immediately off-site wells that can reasonably be assumed to be influenced by site activities.
Table 6-1 lists wells used for both plume and background calculations.

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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Table 6-1. Gunnison Site—Data Summary
Contaminant | FOD. Minimum | Maximum | Mean MCL RBC % exceedinag
mg/L mg/L mg/L mg/L mg/L benchmark
Iron 11N
Background| 2/16 0.004 0.869 n/a 0%
Current Plume| 18/30 0.003 4.73 0.581 0%
Historical Plume| 4/4 49 91 66
Manganese 1.7N
Background| 3/16 0.001 0.457 n/a
Current Plume| 20/30 0.0008 191 3.51
Historical Plume| 15/15 0.05 7 35
Sulfate n/a n/a
Background| 16/16 16.4 25.8 20.775
Current Plume| 30/30 19.2 1390 539
Historical Plume| 4/4 1470 1590 1540
Uranium 0.044
Background| 16/16 0.0022 0.0058| 0.003575
Current Plume| 26/30 0.0002 1.22 0.2960
Historical Plume| 4/4 12 1.6 14

Alluvial background wells: 001, 002, 101, 102, 140, 141, 142 (1998-99 data)
Current plume wells: 006, 013, 014, 106, 113, 130, 132, 170 (1998-1999 data)
Historical plume wells: 133 & 134 for Fe, SO4, U (1989-93 data); 106, 109, 110-112 for Mn (1989-93 data)

#Benchmark = MCL, if available; RBC used if no MCL
For mean calculations, values for samples below detection set at one-half the detection limit

RBC = risk-based concentration

C = carcinogenic risk
N = noncarcinogenic risk
FOD = frequency of detection

The risk-based concentration (RBC) presented in Table 6-1 for a given contaminant represents a
concentration in drinking water that would be protective of human health provided that:

A residential exposure scenario is appropriate.

Ingestion of contaminated drinking water is the only exposure pathway.

The contaminant contributes nearly all of the health risk.

EPA’srisk level of 1 H 107° for carcinogens and a hazard index (HI) of 1 for noncarcinogens
is appropriate.

If any of these assumptions is not true, contaminant levels at or below the RBC cannot be
assumed to be protective. For example, if multiple contaminants are present in drinking water, a
single contaminant may be below its RBC but still be a significant contributor to the total risk
posed by drinking the water. However, if an RBC is exceeded, it is an indication that further
evaluation of the contaminant is warranted. RBCs are intended for use in screening-level
evaluations.

Because the historical plume data are limited, data trends over time are not well defined. It does
appear that iron concentrations have greatly decreased, as current concentrations are much less
than historical values. It also appears that sulfate concentrations may have declined from
historical levels. However, maximum values of manganese and uranium are higher than those
reported for the historical plume, though mean values for uranium are lower.
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Because manganese and uranium have shown no clear decline in concentration over historical
values and because they are elevated over background, they are retained as COPCs for
guantitative risk analysis in this BLRA update. Iron is also carried through the risk calculations;
though concentrations have apparently declined significantly, they are still elevated above
background levels.

No MCL or risk-based levels have been established for sulfate in drinking water. The secondary
drinking water standard for sulfate is 250 mg/L, based on considerations of taste and smell.
Average onsite sulfate concentrations exceed this unenforceable standard. A recent report by
EPA (EPA 1999) indicates that levels of sulfate in drinking water up to 1,500 mg/L may result in
no adverse health effects. All concentrations in plume wells have dropped below this value and
have remained there for the past 2 years. Based on the lack of toxicity data, sulfate is not carried
through the quantitative risk calculations presented in this section. It is not expected that sulfate
concentrations in site-related ground water would result in adverse health effects if used for
drinking water. Therefore, sulfate can be eliminated from further consideration as a COPC.

6.1.2.1 Risk Assessment Methodology

The original BLRA considered several potential routes of exposure to contaminants and
eliminated all but one ? ingestion of ground water in aresidential setting? as insignificant.
However, that BLRA did not consider industrial exposure to contaminants in the Valco, Inc.
gravel pit pond or risks associated with ingestion of fish from the Valco pond. Therefore, the
ground water ingestion pathway, industrial exposure pathway, and fish ingestion pathway are
evaluated in this BLRA update. The risks associated with residential use of ground water as
drinking water are hypothetical. Because water is drawn from an aternative water source, this
pathway is currently incomplete.

Risk calculations presented here follow EPA’s Risk Assessment Guidance for Superfund
Methodology (EPA 1989a), which involves determining a single-point estimate for excess cancer
risk from current or potential carcinogenic exposures and a hazard quotient (HQ, or ratio of
exposure intake to an acceptable intake) for noncarcinogenic exposures. It is assumed that the
receptors for ground water are residents who use alluvial ground water as their primary source of
drinking water. Thisis an unlikely scenario because of current land use in the vicinity of the site
and because of the alternate water supply in place downgradient of the site but is consistent with
the scenario evaluated in the origina BLRA.. Receptors for surface water are workers at the
Valco facility, and receptors for fish ingestion are recreational fishermen.

The 1996 BLRA calculated noncarcinogenic risks using a probabilistic approach. Essentially,
this means that instead of using a single value for each parameter required in the risk calculations
(e.g., ground water concentrations, body weight, frequency of exposure), arange of values with a
given probability distribution was used. By performing numerous iterations of the standard risk
calculations, with a value selected at random from each parameter distribution, arange of
exposures and associated risks results. The 1996 BLRA results were based on children as the
most sensitive receptor population.

In this update, which uses point-exposure doses, single values are used for each parameter
required in the risk calculations. Calculations to determine contaminant intakes use standard
exposure factors for the adult population (EPA 1989b). Maximum, mean, and UCLgs (the

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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95 percent upper confidence limit on the mean) contaminant concentrations were all used in risk
calculations for ground water to provide a range of risk values, from highly conservative to
average. Although the use of adult exposure data is probably less conservative than use of the
exposure data for children, use of maximum and UCLgs ground water concentrations and point-
exposure dose calculations is probably more conservative; the net effect is to produce
comparably conservative results. For purposes of making risk management decisions, results of
both risk assessment methodologies are usable and each has its advantages and limitations. For
the occupational exposure scenario, the maximum concentrations from a well near the Valco
pond were used in calculations to provide a worst-case scenario. The fish ingestion scenario used
maximum concentrations detected historically in the Valco pond.

The same methodology was used to calculate carcinogenic risks for this BLRA update as was
used in the original BLRA (i.e., receptors are adults with exposure averaged over 70 years). For
all risk calculations, benchmarks for acceptable contaminant intakes (e.g., reference doses, slope
factors) are best available data from standard EPA sources (e.g., Integrated Risk Information
System, Region Il Risk-Based Concentration Table).

Risks were calculated for adults assuming aresidential drinking water scenario to provide a
worst-case estimate. The only potentially real exposure to ground water is at the Valco, Inc.
property where ground water is present in a pond created by the gravel mining operation. Risks
were calculated for potential incidental exposure to this water in an industrial setting and for
ingestion of fish raised in the pond.

6.1.2.2 Results

Results of the risk calculations are included in Table 62, Table 6-3, and Table 6-4. The
following major observations are based on the results of the residential exposure scenario:

Contributions of iron to overal risks are insignificant.

Manganese and uranium are generally comparable in terms of their respective contributions
to noncarcinogenic risk.

All concentrations used for uranium in risk calculations result in carcinogenic risks
exceeding EPA’s acceptable risk range of 1 H 10 to 1 H 10°°.

Based on the results of the residential exposure scenario, only uranium and manganese were
evaluated for the industrial exposure and fishing scenarios. For the industrial scenario it was
assumed that the only exposure pathway was dermal exposure. The assumptions used in the
calculations are highly conservative because they assume continuous contact with contaminated
water throughout the entire work day for each work day of the year. Concentrations used were
the maximum detected in ground water to provide a conservative estimate of risk. The results
show that noncarcinogenic risks are negligible and carcinogenic risks are below the lower end of
EPA’s acceptable risk range. Therefore, contact with contaminated ground water at the Valco
gravel- mining operation is not expected to pose any current or future unacceptable risks to
workers.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Risk Assessment

Table 6-2. Intake/Risk Calculation Spreadsheet (Ground Water Ingestion Pathway)
(1998 and 1999 Data)

Noncarcinogens — Ground Water Ingestion Only (adults)
Contaminant cw | R | EF | ED | BW | AT Intake | RfD’ HQ
Iron max 4.73 2 350 30 70 10,950 0.129589 0.3 0.43
UCL95 1.009( 2 350 30 70 10,950 0.027644( 0.3 0.09
mean 0.582| 2 350 30 70 10,950 0.015945 0.3 0.05
Manganese| max 19.1 2 350 30 70 10,950 0.523288 0.047 11.13
UCL95 5719 2 350 30 70 10,950 0.156685 0.047 3.33
mean 3.51 2 350 30 70 10,950 0.096164 0.047 2.05
Uranium max 1.22 2 350 30 70 10,950 0.033425 0.003 11.14
UCL95 0.43 2 350 30 70 10,950 0.011781 0.003 3.93
mean 0.296| 2 350 30 70 10,950 0.00811 0.003 2.70
Hl-max = 22.71
HI-95= 7.35
Hl-mean= 4.80
Carcinogens — Ground Water Ingestion Only (Adults)
Contaminant CwW IR EF ED BW AT Intake SP° Risk
U234+238°| max 837 2 350 30 na na 1.76E+07 4.36E-11 |7.66E-04
UCL95 | 295 2 350 30 na na 6.19E+06 4.36E-11 |2.70E-04
mean 203 2 350 30 na na 4.26E+06 4.36E-11 |1.86E-04

“All exposure factors are from EPA 1989b
®Data are mainly from EPA's Integrated Risk Information System (IRIS); other values are from EPA Region IIl Risk-Based
Concentration Table
‘assumes 1 mg U = 686 pCi of U234 + U238; SF used is average of U234 and U238

Intake = CW x IR x EF X ED

BW x AT

where?;

Intake is in (mg/kg-day)

CW = chemical concentration in water (mg/L); site-specific

IR = ingestion rate (L/day); 2 L/day adult; default
ED = exposure duration (years); 30 yr for adult;default
EF = exposure frequency (day/yr); 350 days/yr; default

BW = body weight (kg); 70 kg adult; default

AT = averaging time; ED x 365 day/yr non-carc.
Hazard Quotient (HQ) = Intake/Reference Dose (RfD)
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Table 6-3. Gunnison—Ingestion of Fish from Valco Pond
Fish Ingestion - Noncarcinogens
Contaminant CF Fl IR EF ED BW AT Intake RfD° HQ
Uranium BCF=1|0.075| 0.5 | 0.054 350 30 70 |10,950| 2.77E-05 0.003 0.01
BCF=55|4.125( 0.5 | 0.054 350 30 70 10,950 | 0.001526 0.003 0.51
HI=
Fish Ingestion - Carcinogens
Contaminant CF FlI IR EF ED BW AT Intake SP Risk
U234+238°( BCF=1| 51 0.5 | 0.054 350 30 na na 1.46E+04 | 4.36E-11 | 6.36E-07
BCF=55 12,830 | 0.5 |0.054 350 30 na na 8.02E+05 | 4.36E-11 | 3.50E-05

#All exposure factors are

rom EPA 1989b

®Data are from EPA's Integrated Risk Information System (IRIS); other values are from EPA Region Il Risk-Based Concentration

Table

fassumes 1 mg U = 686 pCi of U234 + U238; SF used is average of U234 and U238

Intake = CF x IR x FI x EF x ED

BW x AT

where®:

Intake is in (mg/kg-day)

FI
CF

ED
EF
BW
AT
IR

fraction of contaminated fish ingested

concentration of contaminant in fish (=BCF X water concentration --
maximum concentration detected in pond is 0.075 mg/L U)

exposure duration (years); 30 yrs for adult;default
exposure frequency (day/yr); 350 days/yr; default
body weight (kg); 70 kg adult; default

averaging time; ED x 365 day/yr non-carc.
Fish ingestion rate-based on average consumption of 2 80z portions
per week (0.054 kg per day for an adult)
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Table 6—4. Gunnison—Incidental Exposure—Dermal Exposure Pathway

Intake

Cw- RfD HQ
Contaminant | max® Sa2 Pc Cf , ET EF ED BW AT |absorbed mg/kg-| mg/kg-
mg/L cm cm/h L/cm h/day day/yr yr kg day mg/kg- day day
day
Noncarcingenic
Uranium 1.22 312 0.001 0.001 8 250 30 701 2555 0.00013| 0.003| 0.042565
Manganese 191 312 0.001 0.001 8 250 30 701 2555 0.00200] 0.047| 0.042536
. . Slope (.
Carcinogenic Factor Risk
Uranium (pCilL)| 836.92]  312| 0.001| 0.001 8 250 300 na | na | 15667.14] *3°F| 683607

“Based on 1998 & 1999 data; maximum detected at any location in ground water
Surface area (Sa) is for a man's arms and hands; EPA 1989

Pc (dermal permeability constant) assumes absorption is the same as water

Cf Conversion factor

ET Exposure time - assumes length of work day

ED Exposure duration - 30 years

EF Exposure frequency - assumes 5 days a week for 50 weeks

BW Body weight; default for adult

AT Averaging time - 365 days x ED

Carcinogenic risks calculated assuming 1 mg U = 686 pCi of U234 + U238

na = not applicable
Hazard Quotient (HQ) = Intake/Reference Dose (RfD)
Risk = Intake x Slope Factor (SF)

Noncarcinogenic intakes = Cw x Sa x Pc x Cf x ET x EF x ED/BW x AT
Carcinogenic intakes = Cw x Sa x Pc x Cf x ET x EF x ED

Exposure factors and default values from EPA 1989

Toxicological data are mainly from EPA's Integrated Risk Information System (IRIS); other values are from EPA
Region Il Risk Based Concentration Table

Carcinogenic risks for uranium assumes 1 mg U = 686 pCi of U234 + U238; SF is average of U234 and U238

For the fish ingestion scenario, risks were not calculated for manganese because manganese
values in the pond have remained below EPA’s 0.1 mg/L ambient water quality criterion for
manganese based human consumption of aquatic organisms. Assumptions used for calculated
risks based on uranium bioaccumulation in fish are conservative. These assumptions include
ingestion of a pound of fish aweek for the entire year, that exposure occurs for 30 years, that
half of the consumed fish are contaminated, and that fish have been exposed to the highest levels
of contamination detected at the pond.

Two bioaccumulation factors (BCF) for uranium were used: 1 and 55. This was the range of
BCFs cited based on a study of uranium in the Baltic Sea (obtained over the Internet). The BCF
used in BLRASs for other UMTRA Project ground water sites is 2. Regardless of the BCF used,
both carcinogenic and noncarcinogenic risks associated with fish consumption are low.
Noncarcinogenic risks are below the acceptable HQ of 1, and carcinogenic risks are lower than
or within EPA’s acceptable risk range.

6.1.3 Summary and Recommendations

Site-related activities have resulted in elevated concentrations of iron, manganese, sulfate, and
uranium in the alluvial ground water at and near the site. For aresidentia setting, concentrations
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of uranium and manganese are high enough to pose unacceptable noncarcinogenic (manganese
and uranium) and carcinogenic (uranium) risks through regular ingestion of ground water as the
primary source of drinking water. Concentrations of iron, though exceeding background, pose
little risk through ground water ingestion. Quantitative risks were not calculated for sulfate due
to lack of acceptable toxicity data; however, recent EPA studies (EPA 1999) suggest that site-
related concentrations are within the range at which no adverse effects are expected. No
unacceptabl e risks are expected in an occupational setting (Valco pond) through the most likely
exposure route? dermal contact of ground water with the skin. Risks associated with ingestion of
fish from the Valco pond, even using highly conservative assumptions, are acceptable.

In terms of development of a compliance strategy for the site, it will be necessary to demonstrate
that no residential drinking water wells will be installed into the alluvia ground water in areas of
elevated concentrations until levels of manganese and uranium in the aquifer have decreased to
acceptable levels. For uranium, this acceptable level is probably the UMTRA Project standard of
0.044 mg/L. An acceptable human health risk-based level for manganese is 1.7 mg/L, though the
Colorado agricultural standard for manganese is much lower at 0.2 mg/L. Locally elevated levels
of manganese, unrelated to site activities, have been detected in the ground water in some off-site
locations. Uses of ground water for other than drinking water purposes (e.g., use in watering
gardens, industrial purposes) is permissible given current contaminant levels.

Current iron and sulfate concentrations are not expected to result in adverse human health
effects. No restrictions on ground water use based on these constituents are expected based on
concerns for human health.

6.2 Ecological Risk Assessment

The purpose of an ERA isto evauate the likelihood that adverse ecological effects are occurring
or may occur as aresult of exposure to contamination or other stressors (EPA 1992). In this case
the key stressor being evaluated is chemical contamination. Predicting the effects of chemicals
on ecological receptors is extremely complicated due to variable interactions and influences
within an ecosystem. To a great extent ecological risk assessment is an emerging science. Little
data exist for most chemicals and their effects on ecological receptors. Therefore, attempting to
integrate and evaluate individual and synergistic chemical effects with other stressors (predation,
drought, disease, €tc.) is problematic.

Generally speaking, for ecological risks to occur now or in the future there must be a source, and
a pathway must exist for exposure of ecological receptors to contaminated ground water. The
simplified ecological risk scenario gives a generalized overview of the ERA process.

Contamination

Source? Release? Contaminated Media? Pathway ? Receptor ? Effect

Mill tailings Into soil and Ground water, surface water Ingestion or Plantsand  No effect, mortality,
and RRM ground water and sediments absorption wildlife  or non-lethd effects

The following sections provide a summary of the BLRA and evaluation of potential risks based
on areview of all relevant data.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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6.2.1 Summary of 1996 BLRA

A screening-level assessment of ecological risks at the site evaluated potential pathways,
receptors, and potential adverse effects related to ground water, surface waters, and associated
sediments. The results were documented the BLRA (DOE 1996a). No other contaminated media
and subsequent pathways or effects were addressed in the BLRA. This section summarizes the
BLRA findings and evaluates any data collected since the BLRA. Concentrations of ecological
COPCs (E-COPC) in ground water, surface water, and sediments were compared to toxicity
standards and guidelines (if available) for various ecological receptors.

6.2.1.1 Ecological Constituents of Potential Concern

Constituents in the alluvia aguifer were included in the list of E-COPCsif on-site ground water
concentrations statistically exceeded background ground water concentrations. Background
ground water quality was defined as the quality of ground water in areas not affected by milling
operations. Water quality in ground water wells upgradient of the Gunnison site were considered
representative of background conditions.

Eighteen constituents were identified as E-COPCs for further evaluation. They are ammonium,
calcium, cadmium, cobalt, iron, lead-210, magnesium, manganese, nickel, polonium-210,
potassium, silica, sodium, strontium, sulfate, thorium-230, uranium, and zinc. The BLRA
(Section 7.3) states that there were 19, however bromide should have been excluded (BLRA
Section 3.3).

Potential Risks Associated with Ground Water

All 18 ECOPCs were evaluated to determine risks associated with ground water. Based on
shallow depth to contaminated ground water at the site, it is possible that some plants could
intercept ground water. The methodology and parameters used to estimate root uptake and plant
tissue concentrations are presented in Table 7.2 of the BLRA. Phreatophytes, including
cottonwood and willow, are plants that have the potential to root into the shallow ground water.
These plants inhabit the Gunnison millsite area. The BLRA attempted to evaluate the potential
for phytotoxic effects by comparing estimates of contaminant concentrations in plant tissues with
published values that have been shown to result in phytotoxicity. Plant tissue concentrations
were estimated using soil-to-plant concentration factors. No soil reference data were available
for the site. Soil concentrations were estimated by multiplying ground water concentration by a
soil/water distribution coefficient (Kd) (ORNL 1984). Because phytotoxicity comparison data
are unavailable for 11 of the 18 COPCs, the BLRA concluded that it was not possible to evaluate
whether estimated tissue concentration could adversely affect plants. However, the results
indicated that concentrations did not exceed phytotoxicity standards for several of the
constituents.

The BLRA aso evaluated animals feeding on plants and animals that were exposed to ground
water, and stated that only alimited number of constituents have the potential to magnify in the
food chain. Based on the areal extent of contamination versus animals feeding ranges it was
concluded that the potential for the ground water ECOPCs to represent a hazard via food chain
transfer is probably low.

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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To evaluate the potential impact on wildlife using contaminated ground water in a livestock pond
(i.e., animals drinking from the pond or fish stocked in the pond), the BLRA compared mean
ground water concentrations of the COPC with available water quality criteria. The mean ground
water concentrations for iron and manganese exceeded the comparison weter quality values,
indicating that the water would be unacceptable for aguatic organisms. No comparison water
quality values were available for 13 of the ground water COPCs.

The BLRA evauated the impact of hypothetical use of ground water for irrigating agricultural
crops. The mean ground water concentrations for cobalt, iron, and manganese exceed the
comparison criteria (EPA 1972). No comparison criteria were available for 12 of the COPCs.
The BLRA concluded that using the aluvial ground water near the site as a continuous source of
irrigation water could result in deleterious effects to crops, primarily due to elevated
concentrations of cobalt, iron, and manganese.

Potential Risks Associated with Surface Water

If concentrations in downstream or pond samples exceeded the reference (background)
concentrations, the ECOPC was retained for surface water evaluation. ECOPCs in the ponds
were determined by comparing concentrations with those detected at the upstream locations in
the river and creek. Surface water samples were collected from upstream and downstream
locations for both the Gunnison River and Tomichi Creek and from the campground pond. If a
constituent was not detected or the downstream concentration was less than or equal to the
upstream location, it was eliminated as an E-COPC. The Vaco pond (location 780) was not
evaluated in the BLRA. Table 6-5 summarizes the E-COPCs for surface watersin the BLRA.

Table 6-5. Summary of Locations Where E-COPC Concentrations Exceeded Background Surface Water

Concentrations
Gunnison River Tomichi Creek Campground Pond
E-COPC (776) (777) IOg(779)

Calcium X

Iron X
Magnesium X

Silica X

Sulfate X

Zinc X

X =background was exceeded

The comparison of surface water data collected from the Gunnison River at the upstream

location to the downstream location indicated that most of the constituents did not exceed
background concentrations. This suggests that ground water discharge to the river has not
affected water quality. Silica was eliminated as an E-COPC because it is not a Site-related

constituent.

For Tomichi Creek, sulfate was the only COPC identified because it dightly exceeded upstream
concentrations. Calcium and magnesium were eliminated because they only dlightly exceeded
background and are not considered site-related constituents. The sulfate concentration was
approximately 30 percent higher downstream than upstream of the site. Because of the limited
data available, the significance of this increase above background is not known. However, based
on available information, the sulfate concentrations are not anticipated to result in adverse
ecological effects.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Two ECOPCs (iron and zinc) were identified in water collected from the campground pond. A
comparison of the surface water data with available water quality values indicated that the
concentrations of iron and zinc are below the state standards. This suggests that iron and zinc
would not represent a hazard to aquatic life in the campground pond.

Fish muscle tissue analyses were conducted on fish samples from the Gunnison River, Tomichi
Creek, and the campground pond. Based on available data and literature information, no
evidence suggests that bioaccumulation is a concern or that COPCs would cause adverse effects
to the fish at the levels observed.

Potential Risks Associated with Sediments

Sampling was conducted for four primary constituents? manganese, molybdenum, uranium, and
zinc? for sediment evaluation in June 1993 at the same locations as surface water samples. The
BLRA stated that there were no state or federal sediment quality criteria at that time. However,
the National Oceanic and Atmospheric Administration (NOAA) did have an effects-based
sediment quality value for zinc. Table 66 summarizes the sediment sampling results for the
downstream locations in the Gunnison River and Tomichi Creek and the campground pond. This
summarizes Table 7.4 from the BLRA.

Table 6-6. Summary of Locations Where Constituents Concentrations Exceeded Backgound Sediment
Concentrations

Gunnison River Tomichi Creek Campground Pond
E-COPC (776) 777) IOg(779)
Manganese X
Molybdenum
Uranium X
Zinc X X

X = background was exceed

Zinc concentrations upstream and downstream in the Gunnison River were below the NOAA
value of 120 mg/kg. Therefore, the Gunnison River sediment data evaluation suggests that the
dteis not a notable release source for sediment-bound metals to the river.

In Tomichi Creek manganese, uranium, and zinc were all higher at the downstream location than
at the upstream location. The detected concentrations of zinc, both upstream and downstream,
are below the NOAA comparison values for sediment (120 mg/kg). The BLRA concludes that it
is not possible to evaluate whether manganese and uranium concentrations represent potential
hazards to ecological receptors because of the lack of benchmark sediment quality values for
these constituents. However, the NOAA lowest threshold effects level (TEL) for manganese is
established at 630 mg/kg, which is well above analyzed concentrations.

The sediment concentrations of all four constituents from the campground pond were less than
the concentrations detected at the upstream locations in both the Gunnison River and Tomichi
Creek. Site-related contamination has not affected the sediment quality in the campground pond.

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
March 2001 Page 6-11



Risk Assessment Document Number U01024

Summary

Section 7.6 of the BLRA identified limitations of the ERA based on limited data and lack of
standards and reference values. The BLRA concluded that ground water would not pose a threat
to plants. However, ground water would not be suitable for continuous use for irrigation,
primarily due to cobalt, iron, and manganese. The potential for ground water to adversely affect
the food chain is low. There is no evidence that site-related constituents are adversely affecting
surface waters. The BLRA aso concluded that limited data existed to determine if elevated
COPC concentrations in sediment were site-related or from another source.

6.2.1.2 Ecologica Receptors

This section summarizes information on ecological receptors that are potentially exposed to
ecological COPCs (DOE 1996a, Section 7.2). The information was derived from various
qualitative surveys and observations.

Flora

Plant communities on the site include desert shrub, shrub wetland, and emergent wetland
vegetation types. Big sagebrush is the most common shrub species in the desert shrub
community and grows scattered or in clumps (TAC 1989). Rabbitbrush is present with grasses
and herbs dominating the understory. Small narrowleaf cottonwood is common to the area as
well.

Terrestrial Fauna

No reptiles or amphibians were observed during brief wildlife surveys,; however, seven species,
including short- horned lizard, eastern fence lizard, and bullsnake would be expected at the site.
(DOE 19924, Section 7.2.2). Amphibians common in wetland areas are species such as the
leopard frog, boreal chorus frog, and tiger salamander. Lizard species such as the short-horned
lizard and the sagebrush lizard may occur in the sagebrush and dry rocky areas (DOE 19923,
Section 7.2.2).

A total of 43 species of birds have been observed during various site surveys (DOE 19923,
Section 7.2.2). The western meadowlark, red-wing blackbird, yellow warbler, and robin were
common nesting species at and near the site. Wetland species such as red-wing blackbirds,
waterfowl, and shorebirds were common in the irrigated pastures. The sage thrasher, sage
grouse, greenttailed towhee, and various species of sparrows are common nesting species in the
sagebrush habitat.

A total of 25 species of mammals may occur at the processing site. Muskrat sign was observed in
the wetland areas. Other species expected to occur are the desert cottontail and striped skunk.
Mammals typica of the irrigated wetland habitat that would be expected in the areainclude the
masked shrew, western jumping mouse, and muskrat. Prairie dogs were observed in 1990.

Threatened and Endangered Species

Two endangered bird species, the bald eagle and the whooping crane, may occur near the site. Of
the five federaly listed fish species in Colorado, only the Colorado pikeminnow occurs in the
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Gunnison River. However, it is not found in the Gunnison area. Five federal candidate species
occur in the Gunnison area; bird species are the white-faced ibis, long-billed curlew, and snowy
plover. Plant species include the skiff milkvetch and Gunnison milkvetch.

Aquatic Organisms

The Gunnison River, Tomichi Creek, and the campground pond were sampled in 1993. Stonefly
(Plecoptera) nymphs, caddis fly larvae (Trichoptera), and fly larvae (Diptera), were observed.
Brook trout, rainbow trout, and German brown trout were caught in the Gunnison River and
Tomichi Creek. Several other fish species are known to occur in the Gunnison River and

Tomichi Creek, including kokonee and cutthroat trout, speckled dace, flannelmouth sucker, and a
bluehead—flannelmouth sucker hybrid.

6.2.2 BLRA Update

Data from location 780 (Valco, Inc. Pond) was not included in the 1996 BLRA. Since 1996, two
additional locations (792 and 795) were established to monitor for site-related constituentsin the
Gunnison River. This section will focus on the data from these locations for purposes of updating
the BLRA. If no new data were collected, or if there was no change in the trend of the data, the
constituent is not discussed further in this section.

Ecological risk assessment is a process that evaluates the likelihood that adverse ecological effects
are occurring or may occur as a result of exposure to one or more stressors (EPA 1992). A stressor
isany physical, chemical, or biological entity that can induce an adverse ecological response.

The purpose of this risk assessment is to identify and characterize adverse effects, if any, on the
ecosystem at the Gunnison site. For ecological risks to occur at the site, pathways must exist for
exposure of biological receptors to biotic and abiotic media contaminated by ground water.
Screening-level assessments of ecological risks at the site, as documented in the BLRA, evaluated
COPCs, potentia pathways, receptors, and adverse effects (DOE 1996a).

This ERA is based on relevant components of the EPA guidance provided in the “ Guidelines for
Ecological Risk Assessment” (EPA 1998) and the Framework for Ecological Risk Assessment
(EPA 1992).

6.2.2.1 Risk Assessment Methodology

The ERA contains three main components: (1) problem formulation, (2) analysis, and (3) risk
characterization. A tiered approach to the risk assessment process was followed with the
possibility of proceeding to a quantitative risk assessment pending the outcome of the data
review. A discussion of the problem formulation component is presented in the following
sections. A risk assessment model for the Gunnison site is shown in Figure 6-1. Following an
evauation of the ecological data, the risk assessment process may or may not be followed by the
analysis phase. Depending on the outcome of the analysis phase, risk characterization may not be
necessary for this screening-level assessment. For some risk assessments, risk characterization
may not be necessary based on the levels and types of contaminants.
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GUNNISON ECOLOGICAL RISK ASSESSMENT MODEL

PROBLEM FORMULATION

Evaluate historical data
Conduct contaminant of potential concern (COPC) screening
BLRA Preliminary identification of potential exposure pathways and food webs
Preliminary selection of receptors
Develop initia site conceptua model
Conduct screening-level risk assessment

Develop work plan scope and objectives
—Develop management goal's, assessment endpoints, and measures
CHARACTERIZATION —Develop data quality objectives (DQOs) for the field sampling

ACTIVITIESWORK PLAN  —Develop field sampling and analysis strategy
a-Evaluate selected reference areas
s-Evaluate selected sampling locations

Refine food web, site conceptual model, and ecological receptors
Evaluate historical aquatic and terrestrial field sampling and analysis

1 i

ANALYSIS

Characterization of Exposure & Ecological Effects

Statistically evaluate sample data among locations
and reference areas for significant differences.
Compare maximum site COPC concentrations against ecological screening criteria.

If deemed necessary following evaluation of ecological data:
Prepare exposure profiles
Prepare toxicity assessment
Prepare ecological response analysis
Develop exposure and ecological effects analysis

i Seenote below
A 4

RISK CHARACTERIZATION

Risk Estimation

—Calculate hazard quotients (HQ9 and hazard indices (HIs)
—Evaluate lines of evidence

Risk Description

—Ecological risk summary

—Interpretation of ecological significance

Uncertainty Analysis

Note: If dataevaluation indicates no significant differences between Gunnison sampling locations and reference areas,

or unacceptable ecological risk appears unlikely based on screening criteria, Gunnisonppt
quantitative risk assessment calculations will not be performed. rev. 07/17/00
Figure 6-1. Ecological Risk Model for the Gunnison Colorado, UMTRA Site
Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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6.2.2.2 Problem Formulation

In the problem formulation phase, the need for a risk assessment is identified, and the scope of the
problem is defined. Evaluation of available data helps to develop site conceptual models, food
webs, risk hypotheses, endpoints, and measures. The principal product from these activitiesis the
analysis plan, which may include activities for new data collection as well as how existing data
will be used to complete the risk assessment. The problem formulation phase typically requires the
greatest effort, and the success of the risk assessment depends on a thorough and technically
defensible planning process.

The problem formulation phase in the risk assessment process was represented in part by the
BLRA (DOE 1996a), which was a screening-level risk assessment. The primary input to this
phase is the integration of available information. Historical analytical data for the Gunnison site
were reviewed to determine if concentrations of analytes in ground water, surface water, and
sediment might pose an ecological risk. Other input included information gathered on the
Gunnison geologic setting, ground water hydrology, geochemistry, and ecologica habitat. Since
the BLRA, additional abiotic samples (surface water only) have been collected at Gunnison and
at upgradient reference areas, and these data were incorporated into the risk assessment process.

For this version of the BLRA update, data evaluation is limited to analytical data obtained from the
GJO Analytical Chemistry Laboratory. All data gathered specifically for the ERA, which includes
1997 through 1999, have been examined for draft update.

6.2.2.3 Ecologica Constituents of Potential Concern

E-COPCs were defined in the BLRA as those constituents that exceeded background
concentrations for ground water, surface waters, and sediments. Those ECOPCs were further
evaluated in the BLRA, and those constituents that were below benchmarks or were not site related
were eliminated from further consideration. Table 6—7 summarizes the final BLRA ECOPCs by
media and incorporates data results from the Valco pond (780) and the new Gunnison River
downstream location (795). The table does not include E-COPCs for which there were no
standards or benchmarks. Manganese, molybdenum, uranium, and zinc were the only analytes for
sediment evaluation and were sampled for only at locations 776, 777, and 779.

Table 6—7. Summary of Ground Water, Surface Water, and Sediment Locations Where Constituents are
Retained for Further Evaluation

s q Surface Water Sediments
roun Gunnison | Tomichi | Campground | Valco, Inc.
E-COPCs Water River Creek Pond Pond

776 | 795 777 779 780 Location
Calcium X NA
Cobalt X X NA
Iron X NA
Magnesium X NA
Manganese X X Tomichi Creek
Potassium X NA
Sodium X NA
Sulfate Xt NA
Uranium X Tomichi Creek

“Based on secondary SDWA standard (aesthetics only)—not enforceable.
NA = Not analyzed, X = Retained for further evaluation
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Cobadlt, iron, and manganese were retained as ground water E-COPCs in the BLRA because the
mean concentrations in ground water exceeded irrigation standards protective of plants. The
assumption was made that the ground water could be pumped to the surface and used for
irrigation or as a water supply for surface impoundment for fish or wildlife watering.

All surface water constituents in the Gunnison River, Tomichi Creek, and campground pond
were eliminated as COPCs in the BLRA. However, the Vaco pond was not evaluated. Data had
been collected at the Valco pond from 1990 through 1995 and were compared to background
data (location 792) from the Gunnison River (upstream). There is evidence that contaminated
ground water is influencing the Valco pond. The eight constituents identified as exceeding
background in the Gunnison River are calcium, cobalt, magnesium, manganese, potassium,
sodium, sulfate, and uranium. Calcium, magnesium, potassium, and sodium are eliminated as
COPCs because they are not site-related constituents; manganese, sulfate, and uranium were
retained for further consideration. Manganese is below the Colorado aquatic life water quality
value (1.0 mg/L) and is therefore eliminated. Although sulfate is elevated above background, its
average concentration (107 mg/L) is well below the secondary drinking water standard

(250 mg/L) considered protective of human health. Sulfate concentrations fluctuated
significantly during the 1990-1995 sampling period; the highest concentration was 206 mg/L in
1990. While there are no surface water standards for uranium, the average concentration of

0.038 mg/L is below the UMTRA ground water standard of 0.044 mg/L (equivalent to 30 pCi/L),
which is considered protective of human health in drinking water. Therefore, sulfate and uranium
are also eliminated as ECOPCs.

6.2.2.4 Ecological Conceptua Site Model

Conceptual models for ERAS are developed from information about stressors, potential exposure,
and predicted effects on an ecological entity (the assessment endpoint). Conceptual models consist
of two principal components (EPA 1998):

A set of risk hypotheses that provide descriptions of predicted relationships among stressor,
exposure, and assessment endpoint response, along with the rationale for their selection.

A diagram that illustrates the relationships presented in the risk hypotheses.
Risk Hypothesis Proposed for the Gunnison Ste

Contamination could result in contaminant exposure directly or indirectly to wildlife and plant
receptors that use or inhabit the site through three primary media: ground water, surface water, and
sediments. Process waters have moved southwest of the millsite, but there are no indications that
ecological receptors are being exposed directly to ground water. On the basis of the BLRA, thereis
alow probability that ground water is influencing the Gunnison River, Tomichi Creek, or the
campground surface waters. However, there is evidence that site-related contamination is
influencing the Vaco pond. Therefore, the Valco pond is the focus for potential exposure of
ecological receptors to surface water.

Because the stressors are chemical contaminants, the Gunnison site risk hypothesisis considered a
stressor-initiated risk hypothesis. However, no apparent ecologica effects have been observed that
would provide a cause-and-effect relationship.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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As part of theinitial problem formulation in the BLRA, a generalized site conceptual model was
developed for the Gunnison site (Figure 6-2).

6.2.2.5 Ecologica Food Web

Ecological receptors that could potentially be exposed to E-COPCs were identified in the BLRA
(DOE 19964a) and included terrestrial and aquatic species. A food web for the Gunnison site
(Figure 6-3) illustrates the significant dietary interactions between the terrestrial and aquatic
receptors.

The food web also depicts the major trophic-level interactions and shows nutrient flow and transfer
of matter and energy through these levels. It was developed from the species lists and
consideration of the exposure pathways. The food web diagram was used to portray potential
routes of COPCs from the ground water to biotic species at various trophic levels, with receptor
species being components of this food web.

The terrestria receptor categories include
Omnivores, carnivores — include fox, coyote, and raccoon
Herbivores — include mule deer, cottontail, and some mice and vole species
V egetation — includes phreatophytes near riparian areas such as narrowleaf cottonwood
Terrestrial invertebrates — include soil fauna
The aguatic receptor categories include
Avian species — include great blue heron, geese, ducks, and some passerine birds
Herbivores — include muskrat
Vertebrates — include amphibians, reptiles, and fish

Plants — include phreatophytes such as narrowleaf cottonwood cattail, bulrush, willow, and
common reed

Invertebrates — include benthic invertebrates

Only complete exposure pathways are quantitatively and qualitatively evaluated in an ERA. To
be conservative, the following media and potential exposure pathways were considered for
evaluation:

Surface water? ingestion and direct contact
Sediment? ingestion and direct contact
Dietary? ingestion of forage or prey, as appropriate, by receptor

Ground Water? ingestion (if ground water is pumped to the surface)
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Because the contaminants associated with the Gunnsion site are inorganics, dermal absorption
pathways have not been included in this screening assessment. Dust inhalation is also excluded
from this from this preliminary assessment, asit is considered a minor exposure pathway relative
to soil or sediment ingestion, and the contaminated soils have been removed.

The pathways that are subsequently addressed in further detail were divided into current and future
hypothetical exposure scenarios.

6.2.2.6 Current Exposure Scenario

The terrestrial ecology of the Gunnison site is influenced by moderate annual precipitation, a
rural setting and primarily irrigated pasture land for cattle. Tree cover in the areais limited and
occurs primarily in riparian areas near the Gunnison River and Tomichi Creek.

The majority of undeveloped land is used for irrigated pasture for cattle. Wildlife are not restricted
from any portion of the former millsite or the area under which mill-related contamination is
present. Because the contaminated soils and tailings have been removed, contaminated soils do not
represent a complete exposure pathway.

The surface water associated with the ecological habitats at Gunnison consists of the Gunnison
River, Tomichi Creek, the campground pond, and the Valco pond. Herbivores grazing on
vegetation could be exposed to contaminants through bio-uptake from the underlying aquifer and
subsequent transfer into the plant roots and aboveground growth. Larger herbivores prefer to
browse on leafy material; smaller mammals and birds seek plant seeds and roots. However,
because most of the area is irrigated with water directly from the Gunnison River, this scenario is
unlikely. There is no evidence that riparian habitats associated with the Gunnison River and
Tomichi Creek are influenced by elevated levels of contamination associated with the millsite.

Terrestria receptors such as deer, fox, coyotes, skunks, raccoons, and rodents likely use the
riparian corridor for food items and as a drinking water source. Consequently, thereisaso a
potential to be exposed to contaminated sediments. However, these terrestrial receptors typically
do not spend most of their time in riparian or aquatic areas, and most have home ranges that extend
well outside the area influenced by site-related contamination.

Aquatic receptors including fish, reptiles, and amphibians whose habitat includes areas
influenced by site-related contamination have the potential to ingest contaminated sediment,
surface water, and riparian vegetation. Aquatic wildlife species, including fish, muskrat, and
beaver, have the potential for the greatest exposures. Higher trophic receptors such as coyotes,
eagles, and hawks may in turn feed on small mammals or birds that have ingested contaminated
food items. Aquatic avian species, including the bald eagle, whooping crane, ducks, and geese,
are frequent visitors to the area surface waters and represent ecological receptors with exposure
potential. Aquatic invertebrates, amphibians, reptiles, and fish are also in direct contact with
potentially contaminated sediment and surface water. These receptors can also serve as prey for
eagles, whooping cranes, and other wildlife.

6.2.2.7 Future Hypothetical Exposure Scenario

Ground water could possibly be pumped and used for pasture irrigation, wildlife habitat, or
industrial uses. If this were to occur a source of contaminated water would be made available for
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surface water ingestion, direct contact with terrestrial vegetation, and deposition of ground water
and surface water on the soil. The soil would then represent an additional source medium for
ingestion and direct contact. Large-scale irrigation with ground water is not considered alikely
future pathway because the Gunnison River is the main source of irrigation water in this area. As
long as there is the possibility of pumping ground water for agricultural purposes, it is assumed
that the potential exists for these exposure pathways.

6.2.3 Summary and Recommendations
6.2.3.1 Ground Water Medium

The BLRA concluded that using site-related contaminated ground water as a continuous source
of irrigation water could result in deleterious effects to crops, primarily due to elevated
concentrations of cobalt, iron, and manganese. Concentrations of these constituents exceed EPA
irrigation standards for plant protection. This conclusion was based on the assumption that
ground water would be pumped to the surface and used for irrigation, or for a surface
impoundment for fish or wildlife. However, this exposure pathway does not present a significant
concern because most riparian plants in the area are tapping water directly from the Gunnison
River and Tomichi Creek, and pasture grasses are being irrigated with water from the Gunnison
River. Therefore, herbivores that may consume vegetation in the area have limited exposure
potential. Likewise, the opportunity for bioaccumulation and biomagnification to higher trophic
levelsin the food chain is very limited, and significant adverse effects are unlikely.

6.2.3.2 Surface Water Medium

All ECOPCs for the Gunnison River, Tomichi Creek, and the campground pond were
eliminated for various reasons. Of greater significance were concentrations in the Valco pond,
which were not evaluated in the BLRA. Severa Vaco pond congtituents that exceeded
background were evaluated in BLRA Section 6.2.4. All were eliminated because they were not
gte-related or were below available benchmarks or standards. It was assumed that if
concentrations were below human health standards (in the absence of ecological benchmarks),
that ecological receptors would not be adversely affected.

6.2.3.3 Sediment Medium

The BLRA results indicated that it is not possible to evaluate whether manganese and uranium
concentrations present in sediment represent potential hazards to ecological receptors because of
the lack of sediment quality values for these constituents. Because manganese is below the
NOAA TEL, only uranium concentrations are of concern. Because the whooping crane, an
endangered species, and other wildlife use this area occasionaly, it is recommended that
uranium be monitored annually for the next 3 to 5 years.

As aresult of reviewing the BLRA and evaluating data that was not subject to the BLRA, it
appears that there are no significant adverse effects to ecological receptors as aresult of site-
related constituents. This conclusion is based on available sampling data and with the
understanding that there are numerous limitations as to eco-toxicological benchmarks,
synergistic effects, and the contribution of chemical stressors within the Gunnison site
ecosystem.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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7.0 Ground Water Compliance Strategy

The framework defined in the final PEIS for the UMTRA Ground Water Project governs
selection of the final strategy to achieve compliance with the EPA ground water cleanup
standards (DOE 1996b). Stakeholder review and acceptance of the final PEIS is documented and
supported by the Record of Decision (April 1997). This section presents the selection process
used to determine the ground water compliance strategy for the former Gunnison processing site
along with a proposed implementation plan for institutional controls and ground water
monitoring.

The proposed compliance strategy will be presented in detail in the GCAP, which will be the
NRC concurrence document for Subpart B of 40 CFR 192. NEPA issues and environmental
concerns will be addressed in the Environmental Assessment (EA) (in progress).

7.1 Compliance Strategy Selection Process

The PEIS framework used to determine the appropriate ground water compliance strategy for the
Gunnison site is summarized in the flow chart provided in Figure 7-1. The process involved
evaluating conditions at the Gunnison site and proposing a compliance strategy for ground water
cleanup that is protective of human health and the environment and meets the regulatory
requirements in subpart B of 40 CFR 192 for Title | sites. A step-by-step approach is followed
until one or a combination of the three general compliance strategies is selected. The three
compliance strategies are:

No remediation? Compliance with the EPA ground water protection standards would be
met without altering the ground water or cleaning it up in any way. This strategy could be
applied for those corstituents at or below background levels or MCLs, or for those
constituents above background levels or MCL s that qualify for an ACL or supplemental
standards.

Natural flushing? Allows natural ground water movement and geochemical processes to
decrease contaminant concentrations to regulatory limits within a period of 100 years. The
natural flushing strategy could be applied at a site if ground water compliance can be
achieved in 100 years or less, where effective monitoring and institutional controls can be
maintained, and where the ground water is not currently and is not projected to become a
source for a public water system.

Active ground water remediation? Requires application of engineered ground water
remediation methods such as gradient manipulation, ground water extraction and
treatment, and in situ ground water treatment to achieve compliance with the standards.

7.2 Gunnison Compliance Strategy

To achieve compliance with Subpart B of 40 CFR 192, the DOE proposed action is natural
flushing in conjunction with institutional controls (IC) and continued monitoring. Ground water
flow and transport modeling has predicted that site-related concentrations of uranium in ground
water in the uppermost aquifer beneath and downgradient from the site will decrease to below
the maximum concentration limit (MCL) within 100 years (Section 5.4 and Appendix H). ICs
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will be maintained and verified during the flushing period. This compliance strategy will be
protective of human health and the environment. This proposed action has been determined by
applying the compliance strategy selection framework from the PEIS, consisting of several
evaluative steps that are discussed below (Figure 7-1).

7.2.1 Assessment of Environmental Data

The first step in the decision process was an assessment of both historical and new
environmental data collected to characterize hydrogeological conditions and the extent of ground
water contamination related to uranium processing activities at the site. Ground water occurs
under unconfined conditions in the alluvial aquifer (uppermost aquifer) with an average depth to
the water table of 5 ft. The alluvium is composed of poorly sorted sediments ranging from clay-
sized materia through gravel with cobbles and occasional boulders. The thickness of the
alluvium ranges from 70 to 130 ft. Ground water in the aluvia aquifer generaly flows to the
southwest with an average gradient of 0.005. Hydraulic conductivity ranges from 100 to

170 ft/day. Ground water in the aluvia aquifer system is recharged by the adjacent streams,
precipitation, flood irrigation of the pasture downgradient from the site, and irrigation of the golf
course and residential areas southwest of the site. Ground water is discharged naturally to
adjacent streams and by the gravel pit dewatering operations south of the site.

7.2.2 Ground Water Contaminants

Ground water in the alluvial aguifer beneath and downgradient from the Gunnison site was
contaminated by uranium processing activities. Residual radioactive material (RRM) beneath the
site was cleaned up to just below the water table with some contaminated material left in place.
Clean fill was placed above these areas to prevent radiation from emanating to the surface.
Uranium is the primary COPC in ground water because concentrations exceed 1.0 mg/L beneath
the site and exceed the uranium MCL of 0.044 mg/L to approximately 1,000 ft downgradient
from the site boundary beneath the adjacent gravel mining operation (Figure 5-7).
Concentrations of uranium in ground water below the MCL, but above background, extend
approximately 7,000 ft downgradient from the site boundary and have migrated beneath the
Gunnison River just beyond the confluence with Tomichi Creek. The zone of contamination
attenuates and migrates downward as it progresses laterally. Manganese isalso a COPC in
ground water with concentrations up to 19 mg/L beneath the site (Figure 5-9). Thereisno MCL
for manganese, but an acceptable human health risk-based level is 1.7 mg/L. Manganese does
not appear to be widespread in the aguifer and concentrations beneath the site are decreasing.

7.2.3 Applicability of Natural Flushing

A ground water flow and transport model was developed to evaluate if natural processes will
reduce site-related uranium concentrations to regulatory levels in the alluvial aguifer within 100
years. Only uranium was modeled as it appears to be the most representative and wide-spread of
ste-related contamination in ground water (manganese was not included for reasons discussed in
Section 5.2.2.2). Results of the modeling are presented in Section 5.4 and Appendix H.

Two different versions of the model were developed to address conditions in the vicinity of the
site. The steady state flow and transport model predicted that uranium concentration will
decrease to 0.042 mg/L after 100 years, which is below the cleanup standard of 0.044 mg/L. The
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steady state stochastic flow and transport model was used to quantify the uncertainty in flow and
transport parameters. Similar results were predicted by the stochastic modeling effort, with
maximum average concentrations below the standard at 0.043 mg/L after 100 years. The
stochastic ssimulations predicted that after 100 years there is a moderate probability (41%) that
the maximum concentration will be greater than the standard over asmall area of the alluvial
aquifer (Figure 5-21).

Based on modeling results, natural flushing appears to be an acceptable compliance strategy that
allows natural processes to reduce the ground water contaminants to below the MCL beneath and
downgradient from the site within 100 years. Even though there is a moderate probability that the
maximum concentration of uranium in ground water may be above the standard over a small area
of the aquifer after 100 years, the natura flushing strategy is reasonable because: (1) the
potentially affected area is uninhabited and just southwest of the gravel mining operation, (2)
there is no current or projected unacceptable risk to human health and the environment because
of durable and enforceable institutional controls, and the existence of the water supply system
installed in 1994 that eliminated the only potential pathway (which was ingestion of
contaminated ground water as a drinking water source), (3) the uncertainties involved in
characterization of a natural system and simulating the system with numerical modeling are
recognized and manageable, (4) monitoring ground water at the site for a period of time (5 to

10 years) will provide data to verify the modeling predictions, ascertain that natural flushing is
meeting compliance expectations, and ensure protection of human health and the environment,
and (5) contingency remedies will be considered and implemented in the event that the selected
compliance strategy is not effective in meeting cleanup objectives within a timely manner.

7.2.4 Institutional Controls

|Cs are restrictions that effectively protect public health and the environment by limiting access
to a contaminated medium? alluvial ground water at the Gunnison site. ICs typically depend on
an administrative legal action, such as zoning, ordinances, and laws to ensure that protection is
effective and enforceable. For the UMTRA Ground Water Project, 1Cs reduce exposure to
contaminated ground water or reduce health risks by (1) preventing intrusion into contaminated
ground water or (2) restricting access to or use of contaminated ground water for unacceptable
purposes. The EPA standards require that I1Cs (1) have a high degree of permanence, (2) protect
human health and the environment, (3) satisfy beneficial uses of ground water, (4) are
enforceable by administrative or judicial branches of government entities, and (5) can be
effectively maintained and verified. The EPA standards permit the use of I1Cs at sites where
natural flushing will return the ground water to regulatory levels within 100 years.

7241 On-sitelCs

ICs arein place at the former millsite through deed restrictions that became effective when the
State of Colorado transferred ownership to Gunnison County in December 1999. The restrictions
prohibit use of contaminated ground water and control excavation of contaminated soil. The deed
contains the following language:

“Grantee (Gunnison county) covenants ... (ii) not to use ground water from the site for any
purpose, and not to corstruct wells or any means of exposing ground water to the surface unless
prior written approval for such use is given by the Grantor (Colorado Department of Public
Health and Environment) and the U.S. Department of Energy.”
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This language follows with the deed and ensures that any future landowner is subject to the same
restrictions. This language fulfills the requirements for degree of permanence and enforceability
by government entities. The site is within the service area of the Dos Rios water system, so
future users have a source of domestic water available.

7.24.2 Off-sitelCs

Results of ground water sampling downgradient from the former processing site from July
through October 1990 indicated that 22 domestic wells contained concentrations of uranium in
excess of background levels. Most of these wells were located in the Dos Rios subdivision and
screened in the shallow aluvia aquifer. Since the elevated levels were related to uranium
processing activities at the site, DOE began supplying bottled water to those residencesin
August 1990. DOE also investigated funding a permanent water supply system for this area
(DOE 1991). Construction of the water supply system occurred from 1992 to 1994 at a cost of
$6.8 million. By July 1994, most residents had hooked up to the aternate water supply system,
and the facility was turned over to the Gunnison County Public Works Department

(CDPHE 1995). Water is taken from the west side of the Gunnison River just south of

U.S. Highway 50 into the 350 gpm water treatment plart, and then stored in a 250,000 gallon
water storage tank located just north of U.S. Highway 50. The water distribution system extends
from U.S. Highway 50 on the north, toward Tomichi Creek on the south, from Gold Basin Road
on the east, to Que Quay Lane on the west (Figure 3-3). According to the Director of the
Gunnison County Public Works Department, the water system has the capacity for expansion to
cover any anticipated growth in demand in the vicinity.

DOE isworking with Gunnison County to develop an |C program to ensure implementation of
an administrative mechanism that can be enforced, verified, and maintained. The mechanism
under consideration is a Gunnison County ordinance within an IC boundary that will prohibit
using untreated ground water for drinking water purposes. The proposed area for ICsis shown in
Figure 7-2.

7.2.5 Human Health and Environmental Risk

There are no unacceptable risks to human health and the environment associated with current and
projected conditions in the vicinity of the Gunnison site aslong as ICs can be maintained (see
Section 6.0). Current use of ground water at the Valco, Inc. operation presents no unacceptable
risk. Consequently, the proposed compliance strategy of natural flushing in conjunction with
institutional controls and continued monitoring will be protective of human health and the
environment.

7.3 Implementation

Implementation of the proposed compliance strategy includes ICs and continued monitoring of
ground water and surface water.

7.3.1 Institutional Controls

Gunnison County owns the water distribution system that provides drinking water to the area
potentially affected by site-related contaminants. DOE is working with Gunnison County to
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formalize a requirement that al current and future residents in the area connect to the system.
This requirement will become an enforceable administrative IC by means of a county ordinance.
Any future water resource needs in the area will be regulated by Gunnison County.

The need for and duration of 1Cs depends on the compliance strategy selected for a site, the level
of risk to humans and the environment, and existing site conditions. Movement of contaminated
ground water may require restrictions over an extended period of time. As risks decrease over
time, so should the need for ICs. Therefore, to ensure protection of human health and the
environment, and to satisfy requirements for beneficial uses of the water, it is important that the
effectiveness of 1Cs be verified and modified as necessary.

7.3.2 Monitoring

Monitoring of ground water and surface water will be implemented during the period of natural
flushing to verify modeling results, ascertain that concentrations of uranium and manganese in
ground water are decreasing, and ensure protection of human health and the environment
(Figures 7-3 and 7—4 and Table 7-1). Ground water in the shallow zone of the aluvia aguifer
will be sampled onsite in monitor wells 006 and 012 which have the highest concentration of
uranium. Ground water in the intermediate zore at these two locations will also be monitored in
offset monitor wells 106 and 112 to verify that uranium concentration remains below
background levels at this depth in the aquifer. Ground water in the shallow and intermediate
zones in monitor wells 013 and 113, just off the southwest corner of the site, will be sampled.
Concentration of uranium in both wells is decreasing with higher concentration in well 113
indicating that contamination is migrating deeper into the aquifer as it goes downgradient.
Monitor wells 126 and 127 are 1,500 ft downgradient from the site and are just beyond the area
where uranium concentration is above the MCL. Concentration of uranium is higher in the
deeper zone of the aquifer, and is decreasing with time in both intervals. Corcentration of
uranium is above the MCL in monitor well 183 and is still increasing, indicating migration of the
plume through this area. Concentration of uranium in monitor wells 160, 161, 188, and 189 is
below the MCL, but is till increasing, again indicating migration of the contaminant plume
through this area. Monitoring ground water at these locations will provide adequate information
to assess the effectiveness of natural flushing, and to ensure that concentrations of uranium do
not significantly increase downgradient to the point of potentialy impacting human health and
the environment (Figure 7—4). Concentrations of manganese in these areas are generally
decreasing with time. Surface water locations have been selected to verify that uranium
concentrations remain very low in the Gunnison River and Tomichi Creek and to track
concentrations in the gravel pit on the Valco, Inc. property south of the site. Monitoring of
ground water from 6 domestic buffer zone wells will be continued as a best management practice
to ensure that any changes in water quality will not impact the few residents northwest of the
Gunnison River that still use shalow alluvial ground water as a drinking water source

(Figure 7-3 and Table 7-1). One domestic irrigation well will aso be monitored with the same
objective.
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Ground Water Compliance Strategy

Table 7-1. Ground Water and Surface Water Monitoring, Gunnison, Colorado, Site

Monitor Aquifer Screened Location ?Uart;\(r)]?uar;e)
Well Zone Interval

Ground Water
GUN-006 Shallow 10-15 On-site “Hot spot”
GUN-106 | Intermediate 34-39 On-site Background
GUN-012 Shallow 10-15 On-site “Hot spot”
GUN-112 | Intermediate 40-45 On-site Background
GUN-013 Shallow 11-16 Just off-site Above MCL
GUN-113 | Intermediate 41-46 Just off-site Above MCL
GUN-126 | Intermediate 54-59 Downgradient Below MCL
GUN-127 Deep 94-99 Downgradient Below MCL
GUN-183 Deep 93-98 Beneath golf course Above MCL
GUN-188 | Intermediate 53-58 West of Gunnison River Above background
GUN-189 Deep 93-98 West of Gunnison River Above background
GUN-160 | Intermediate 51-56 West of Gunnison River Above background
GUN-161 Deep 93-98 West of Gunnison River Above background

Surface Water
GUN-777 Tomichi Creek Downstream
GUN-780 Valco, Inc. gravel pit Above MCL
GUN-792 Gunnison River Upstream
GUN-795 Gunnison River Downstream

Domestic Wells
GUN-468 Shallow Unknown East of Gunnison River Buffer zone
GUN-469 Shallow Unknown West of Gunnison River Buffer zone
GUN-665 Shallow Unknown West of Gunnison River Buffer zone
GUN-667 Shallow Unknown West of Gunnison River Buffer zone
GUN-680 Shallow Unknown West of Gunnison River Buffer zone
GUN-683 Shallow Unknown West of Gunnison River Buffer zone
GUN-685 Shallow Unknown West of Gunnison River Buffer zone

COPCs to be analyzed in ground water include uranium and manganese. The MCL for uranium
i 0.044 mg/L and an acceptable human health risk-based level for manganese is 1.7 mg/L.
General water quality indicators including alkalinity, conductivity, pH, total dissolved solids,
sulfate, and temperature will also be determined during sampling. Statistical methods for
evauation of ground water and surface water monitoring data will be used as appropriate to
assess variations in concentrations of COPCs over time. Results of monitoring will be compiled
periodically and reports will be available to regulators.

Monitoring will take place on an annual basis for the first 10 years (through 2010) and every

5 years thereafter until completion of natural flushing. At the end of 10 years an evaluation will
be made in consultation with NRC and the State of Colorado to determine the requirements and
frequency for future monitoring at the site. The monitoring program will continue until
remediation objectives have been achieved and it is verified that site-related contaminationin
ground water does not pose a threat to human health and the environment. If it is determined that
the natural flushing strategy is not progressing as predicted, reevaluation of the compliance
strategy will be conducted.

DOE/Grand Junction Office
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