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ACL

alternate concentration limit

ALARA

as low as reasonably achievable

BLRA

baseline risk assessment

BTV

bacl~ground

CDPHE

Colorado Department of Public Health and Environment

CPR

Code of Federal Regulations

coc

constituent of concern

COPC

constituents of potential concern

CSM

conceptual site model

DOE

U.S. Department of Energy

DWEL

drinking water equivalent level

EPA

U.S. Environmental Protection Agency

ft

feet

ft/day

feet per day

GCAP

Groundwater Complianc'e Action Plan

IC

institutional control

LM

Office of Legacy Management

MCL

maximum concentration limit

mg/kg

milligrams per kilogram

mg/L

milligrams per liter

n

sample size

NRC

U.S. Nuclear Regulatory Commission

PEIS

programmatic environmental impact statement

POC

points of compliance

POE

points of exposure

RRM

residual radioactive material

SOWP

Site Observational Work Plan

UMTRCA

Uranium Mill Tailings Radiation Control Act

UPL

upper prediction limit

USL

upper simultaneous limit

UTL

upper tolerance limit
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Executive Summary
This Groundwater Compliance Action Plan (GCAP) for the Gunnison, Colorado, Processing Site
(Gunnison site) describes the plan for complying with groundwater standards in Title 40 Code of
Federal Regulations Part 192 (40 CFR 192) Section B. This version of the Gunnison GCAP
revises a version concurred on by the U.S. Nuclear Regulatory Commission (NRC), which
selected natural flushing as the compliance strategy to meet U.S. Environmental Protection
Agency (EPA) standards. The compliance strategy selection framework presented in the
programmatic environmental impact statement (PEIS) for the Uranium Mill Tailings Radiation
Control Act (UMTRCA) groundwater project provides the basis for selection of a revised
compliance strategy for the Gunnison site. The PEIS framework specifies reevaluation of
compliance strategies if conditions change or if monitoring indicates that EPA groundwater
standards will not be met. The revised compliance strategy is based on U.S: Department of
Energy (DOE) evaluation of information included in the Site Observational Work Plan (SOWP)
and from groundwater and surface-water monitoring data collected since 2001.

....-·

The reevaluation of the compliance strategy indicated that concentrations of uranium are no
longer declining as anticipated and appear to be leveling off at concentrations well above the
40 CFR 192 standard of 0.044 milligrams per liter (mg/L). Therefore, DOE selected a revised
compliance strategy of no remediation and the application of alternate concentration limits
(ACLs) for uranium at the Gunnison site. ACLs are permitted in 40 CFR 192 after considering
corrective aetions to meet maximum concentration limits and after demonstrating that meeting an
ACL will be protective of human health and the environment. Manganese was also identified as
.a constituent of potential concern in the SOWP; however, an ACL will not be established for
manganese because it is not regulated by the NRC. Manganese will be monitored in domestic
wells as part of the institutional controls (I Cs) to verify concentrations are protective of
human health. ·
An approach was developed by DOE and the Colorado Department of Public Health and
Environment (CDPHE) to establish ACLs in a manner that satisfies requirements of both
agencies. A decision flowchart was developed to provide a consistent and defensible method
for determining ACLs at UMTRCA sites in the state of Colorado. Using this approach, EPA's
ProUCL statistical software was used to calculate the various background threshold values for
the Gunnison data sets, and the nonparametric upper simultaneous limit 95 statistic was chosen
as the appropriate background threshold value to use for the uranium ACL.

Because of the large extent of the alluvial aquifer and the large difference in historical uranium
concentrations in groundwater on the former mill site versus downgradient of the former mill
site, the alluvial aquifer was divided into two sectors to apply ACLs: Sector 1 on the former mill
site area, and Sector 2 downgradient of the former mill site. The uranium ACL for Sector 1 is
1.43 mg/L, and the uranium ACL for Sector 2 is 0.56 mg/L. If an ACL is exceeded, a protocol
has been developed to systematically assess the exceedance through progressive action.
'

.'

I Cs are in place at the Gunnison site to control access to contaminated groundwater. These
controls include monitoring of domestic wells within the IC boundary for both uranium and
manganese and an alternate water supply system. If health-based levels are exceeded, appropriate
actions will be considered. These ICs will be monitored, verified, and documented to ensure the
ACL compliance strategy remains protective of human health and the environment.
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1.0

Introduction

This Groundwater Compliance Action Plan (GCAP) for the Gunnison, Colorado, Processing Site
(Gunnison site) describes the plan for complying with groundwater standards in Title 40 Code of
Federal Regulations Part 192 (40 CFR 192) Section B. This version of the Gunnison GCAP
revises a version concurred on by the U.S. Nuclear Regulatory Commission (NRC) (DOE 2010),
which selected natural flushing as the compliance strategy to meet U.S. Environmental
Protection Agency (EPA) standards. The revised compliance strategy is based on
U.S. Department of Energy (DOE) evaluation of information included in the Site Observational
Work Plan (SOWP) (DOE 2001 ) and from groundwater and surface-water monitoring data
collected since 2001 (DOE 2016). This GCAP serves as a stand-alone modification to the
Remedial Action Plan (DOE 1992) to address groundwater restoration and compliance with the
EPA groundwater protection standards for Uranium Mill Tailings Radiation Control Act
(UMTRCA) Title I sites.
The GCAP provides a brief background of the site and describes the compliance strategy and the
selected remediation method. Section 2.0, "Site Information," summarizes contamination in the
groundwater, describes the extent of contamination in the aquifer. Section 3.0, "Groundwater
Compliance Strategy Selection," discusses the reevaluation of the compliance strategy and
documents how the compliance strategy selection process defined in the Programmatic
Environmental Impact Statement (PEIS) (DOE 1996b) was used to select the new compliance
strategy. Section 4.0, "Compliance Strategy Implementation," describes the monitoring approach
that DOE will use to assess progress toward meeting remediation goals and the continued
application of institutional controls (ICs). Section 5.0, "References" lists references cited in this
document.

2.0

Site Information

2.1 Location .

,,.,

The Gunnison site is about 0.5 mile southwest of the city of Gunnison on a 61.5-acre tract
between the Gunnison River and Tomichi Creek (Figure 1). The site is at an elevation of
7635 feet (ft) in a broad valley surrounded by mountains that 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 are covered with brush and native grasses.

2.2 . History
The Gunnison mill was constructed in 1957 and began processing uranium ore in February 1958
(Merritt 1971 ). 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, a wholly owned subsidiary of Kerr-McGee Oil Industries, and operated until
April 1962, when the mill closed (FDBU 1981 ). At the end of processing operations,
approximately 450,000 cubic yards of uranium mill tailings remained onsite (DOE 200 1).
By the mid-1970s, all tailings were moved to a rectangular area of approximately 3 5 acres, and
the milling operation, former ore storage area, and miscellaneous areas occupied about 16 acres.
U.S. Department of Energy
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During the 1980s, the tailings pile was contoured, covered with material excavated at the
adjacent gravel pit, and seeded with grasses. Vegetation was well-established on the pile ~fter a·
few years of irrigation (DOE 1992).
Results of groundwater 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, which indicated the need for an alternate water supply. Most of
these wells were located in the Dos Rios subdivision west (downgradient) of the site and
screened in the shallow alluvial aquifer. Since the elevated levels were related to uranium
processing activities at the site, DOE began supplying bottled water to those residences in
August 1990. DOE also investigated alternatives for 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 were connected to the alternate water supply
system, and the facility was turned over to the Gunnison County Public Works Department
(CDPHE 1995).
Uranium mill tailings and other residual radioactive material (RRM) were removed from the
former mill site from 1992 through 1995 and stabilized in a disposal cell 6 miles east of the city
of Gunnison. RRM beneath the site was cleaned up to.just below the water table, with some
contaminated material left in place, requiring the application of supplemental standards for
thorium-230. The site was backfilled with clean fill and revegetated after RRM removal. An
investigation of subpile soils was conducted during field activities associated with the SOWP.
Results indicated uranium contamination remained in soils beneath the remediated tailings pile.
Uranium concentrations ranged up to 86.2 milligrams per kilogram (mg/kg) compared to
background concentrations of 0.020 and 0.023 mg/kg. Column experiments on the subpile soils
suggest uranium in these soils is contributing to groundwater contamination (DOE 2001).

2.3 Hydrogeology
This section summarizes the hydrogeology near the Gunnison site. Groundwater in the alluvial
aquifer generally flows to the southwest with an average gradient of 0.005 feet per foot.
· Hydraulic conductivity ranges from 100 to 170 feet per day (ft/day). On the basis of the gradient
and an estimated effective porosity of 0.27, the average linear groundwater velocity ranges from
1.9 to 3.2 ft/day. The Gunnison Site SOWP (DOE 2001) presents a more complete and detailed
discussion hydrogeology component of the conceptual site model (CSM).
Groundwater occurs in unconfined conditions in the alluvial aquifer beneath the Gunnison site.
Depth to groundwater ranges from 2 to 11 ft, and grouridwater elevations generally peak in the
spring and summer months and might fluctuate more than 10 ft over the course of a year. The
alluvium is composed of poorly sorted sediments ranging from clay-sized material to gravel,
with cobbles and a few boulders. It ranges in thickness from 70 to 130 ft. Underlying the
alluvium 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 alluvial aquifer. Lithology from this unit is
·composed of low-permeability, soft to moderately hard shale that separates the overlying
alluvium from the deeper units.

I

Groundwater in the alluvial aquifer system is recharged by regional groundwater flow, adjacent
streams, precipitation, flood irrigation of the pasture downgradient of the site, and irrigation of
U.S. Department of Energy
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the golf course and residential areas southwest of the site. Irrigation water is drawn
predominantly from Tomichi Creek and the Gunnison Rjver, though some domestic wells supply
groundwater for this purpose. Groundwater loss is through evapotranspiration, natural discharge
to adjacent streams, and dewatering activities at the adjacent sand-and-gravel company located
south of the former mill site (Figure 1).
Vertical gradients in the alluvial aquifer are generally downward and are caused by flood
irrigation of the pasture just southwest of the former mill site (Figure 1). The vertical gradient
causes site-related contamination to migrate downward through the alluvial aquifer as it
progresses laterally downgradient. Though not separated lithologically, the aquifer has been
divided into three zones-shallow, intermediate, and deep-for convenience in constructing the
groundwater model and in discussing contaminant distribution. Wells in the shallow zone are
generally screened at the top of the aquifer (between 10 and 25 ft in depth), intermediate wells
are on the order of 3 5 to 60. ft in depth, and deep wells are between 85 and 100 ft in depth.
The Gunnison River and Tomichi Creek influence water levels in the alluvial aquifer. There is
good correlation between groundwater elevations and Gunnison River and Tomichi Creek stream
flows. In general, wells located adjacent to the Gunnison River respond more quickly to river
stage than those farther away (DOE 2001). Pits that remain from gravel-mining operations
adjacent to the former mill site fill with groundwater, leaving behind gravel-pit ponds.

2.4 Site-Related Groundwater Contamination
2.4.1

Distribution of Contaminants

Groundwater in the alluvial aquifer beneath the former mill site was contaminated by
uranium-ore processing activities, and natural groundwater flow caused contamination to
migrate downgradient through the alluvial aquifer. A variety of tailings-related contaminants
in the subsurface and groundwater at the site were evaluated following the cessation of
uranium-ore processing, and the potential risks to human health and the environment were
assessed in the SOWP in an update to the 1996 Baseline Risk Assessment (BLRA)
(DOE 1996a). The BLRA update in the SOWP used the constituents of potential concern
(COPC)list from the original BLRA to evaluate current data. Iron, manganese, sulfate, and
uranium were evaluated as COPCs. Manganese and uranium showed no clear decline in
concentration over historical values and were elevated over background, and, therefore, were
retained as COPCs in the SOWP. For purposes of clarity, uranium is identified as a constituent of
concern (COC) in this document, and manganese will remain a COPC because it is not regulated
by NRC and, therefore, does not require an alternate concentration limit (ACL).

._

COPC concentrations in groundwater are assessed using the following regulation/benchmark.
Concentrations ofuranium in groundwater are assessed against the 40 CFR 192 maximum
concentration limit (MCL) of 0.044 milligrams per liter (mg/L) 1• Manganese is not regulated by
the NRC under Title I ofUMTRCA, and,- because there is no 40 CFR 192 MCL for manganese,
the drinking water equivalent level (DWEL) of 1.6 mg/Lis used as a health-bas~d benchmark for·
comparison of manganese concentrations in groundwater (EPA 2012). D~ELs are not legally
1

In order to provide a consistent comparison with historical data, uranium concentrations continue to be measured
in mg/L; therefore, the uranium standard referenced in this report has been converted from 30 pCi/L (Table I to
Subpart A of 40CFR192) to 0.044 mg/L (which assumes secular equilibrium of uranium isotopes) to allow direct
comparison of uranium data to the standard.
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enforceable and do not carry any legal authority under the Safe Drinking Water Act. The DWEL
is a lifetime-exposure concentration protective of adverse, non-cancer health effects that assumes
all of the exposure to a contaminant is from drinking water.
Uranium is the groundwater COC at the Gunnison site, with historical concentrations measured
over 2 mg/L beneath the former mill site. The highest uranium concentrations at the Gunnison
site remain in the shallow groundwater under the former mill site (Figure 2). In the April 2015
sampling event, uranium concentrations exceed the UMTRCA MCL of 0.044 mg/L for
groundwater in three monitoring wells on and adjacent to the former mill site and in one
monitoring well (0183; deep) more than 4000 ft downgradient of the site boundary (Figure 2).
Concentrations of uranium that are less than the MCL but above background extend
approximately 7000 ft downgradient of the former mill site in monitoring wells 0160
(intermediate) and 0161 (deep). Uranium concentrations in these wells also exhibit upward
statistical (Mann-Kendall) trends (DOE 2016) indicating that site-related uranium contamination
has migrated beneath the Gunnison River just beyond the confluence with Tomichi Creek.
Manganese was first identified as a COPC in BLRA and was retained as a COPC in the
BLRA update in the SOWP; historical concentrations as high as 77 mg/L have been
observed. Concentrations exceed health-based levels (as represented by the DWEL) in the
intermediate-zone monitoring wells on the site (0105, 0106, and 0112) and in downgradient
monitoring wells 0113 (intermediate), 0135 (shallow), and 0136 (intermediate). Concentrations
remain above the Colorado drinkil;lg water standard of 0.05 mg/L onsite and in a number of
wells downgradient of the site. Concentrations of manganese in the alluvial aquifer are shown in
Figure 3.
A review of background monitoring data for the G\lnnison site shows that ambient manganese·
levels have been relatively high. A maximum background concentration for manganese of
4.69 mg/L has been observed in a background well immediately upgradient of the site
(well 0001; DOE 1992). This is consistent with findings of other groundwater quality studies for
the Gunnison River basin area that indicate concentrations of manganese have exceeded the state
drinking water standard in the alluvial aquifer system (Gurdak, et al., 2002; Lewand 2015). The
BLRA (DOE 1996a) noted the presence of manganese up to 5 mg/Lin wells far downgradient
from the site. Because of the distribution of manganese in the aquifer and its association with
high levels of dissolved organic carbon, it was concluded that those occurrences did not appear
to be site related. Instead, these concentrations were attributed to locally high reducing
conditions produced by bacterial processes (DOE 1996a).
Recent monitoring data indicate that onsite and downgradient manganese concentrations have
declined to levels near or below the observed maximum background value. The highest
concentration observed in 201S-of 4.8 mg/L only marginally exceeds the maximum background
value of 4.69 mg/L.

2.4.2

Groundwater Flow and Transport Modeling

As part of the SOWP, groundwater flow and contaminant transport models were developed
to evaluate if natural flushing processes would reduce uranium concentrations to below the
MCL within 100 years (DOE 2001 ). Since uranium is the primary indicator of site-related
contamination, it was used as the contaminant in the contaminant transport mode~. Two
versions of the groundwater flow model and contaminant transport models were developed.
U.S. Department of Energy
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Initial steady-state :flow-and-transport models were developed and used as the basis for a
stochastic version of the models, which was used to quantify the uncertainty in flow and
transport parameters.
A multilayer model was used for both the groundwater flow and contaminant transport models;
layers corresponded approximately to the zones defined by the shallow, intermediate, and deep
monitoring wells. Residual so,urce from subpile soil contamination was simulated in the
groundwater models using a recharge concentration from a recharge zone. Sensitivity analysis of
the groundwater flow and contaminant transport models indicated that the distribution coefficient
was the most sensitive parameter and that pumping and dewatering activities from gravel-mining
operations had little effect on the maximum uranium concentration remaining after 100 years.
The distribution coefficient used in the Gunnison groundwater models was derived from
laboratory testing of sample's from the alluvial aquifer.
The steady-state models predicted that the maximum uranium concentration in the alluvial
aquifer would decrease to below the MCL within the 100-year time frame. The stochastic models
also predicted the maximum uranium concentration would be below the MCL but that there was
a moderate probability (41 percent) that the maximum concentration will be greater than the
MCL over a small portion (approximately 40 acres) of the alluvial aquifer after 100 years. The
area with the potential to exceed the MCL after 100 years is located southwest of the site and
east of the Gunnison River (in the vicinity of existing well 0063). The stochastic models were
used as the basis for selecting the former natural :flushing compliance strategy.

I

'-'

2.5 Protection of Human Health and Environmental
2.5.1

Institutional Controls

To ensure protection of human health and the environment, administrative I Cs were
implemented in conjunction with construction of the water supply system and completion of
surface remediation. !Cs.were finalized in 2004. They consist of (1) government ownership and
deed restrictions on the original mill site property, which were specified in a quitclaim deed
transferring the property from the State of Colorado to Gunnison County (Appendix A), and (2) a
Gunnison County Resolution (Gunnison County 2004) establishing the New Domestic Well
Constraint Area (Appendix B). I Cs are discussed further in Section 4.2.
The I Cs prohibit groundwater use of any kind on the former mill site, thereby eliminating
exposure to the most contaminated part of the plume. However, exposures to potentially
contaminated groundwater can occur offsite. Downgradient of the site, new domestic wells in
alluvial groundwater are prohibited, but alluvial wells can be used for nondomestic purposes
(e.g., irrigation, livestock watering; DOE 1995). Existing domestic wells in the alluvial aquifer ,
west of the Gunnison River ("buffer zone wells") continue to be used for domestic purposes.
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Alluvial groundwater also discharges to the surface at the gravel ponds, Tomichi Creek, and
the Gunnison River, where potential exposure might occur to humans, wildlife, or other
environmental receptors. As discussed below, these exposures are not expected to result in
any adverse effects from site-related contamination.
2.5.2 · Human Health and Environmental Risk
The BLRA (DOE 1996a) evaluated the use of alluvial groundwater for nondomestic purposes.
The results indicated that ingestion of garden-irrigated produce and meat and milk from cattle
watered with contaminated groundwater would result in exposure doses one or more orders of
magnitude below permissible levels for both uranium and manganese. The exposure point
concentration for uranium used for that evaluation was the maximum historical concentration of
1.6 mg/L. The concentration used for manganese was 39 mg/L. Both of these concentrations are
higher than recent concentrations· observed either onsite or offsite. It can therefore be concluded
that, fro~ a human health perspective, current groundwater quality is protective for permitted
uses. Furthermore, as long as groundwater stays within historical concentration ranges, it will
remain protective in the future within the IC boundary.
Some domestic wells are still used as a drinking-water source within the IC boundary. These
wells are located west of the Gunnison River in a "buffer zone" outside the uranium plume.
Based on the potential for plume movement, a buffer zone monitoring plan was developed
concurrently with the implementation ofICs (DOE 1995). Currently, most domestic wells are
monitored to verify that concentrations of uranium and manganese remain below the MCL and
DWEL, respectively. One domestic well is not monitored because the owner has not granted
permission to sample. The'domestic wells in use within the IC boundary are believed to be
completed near the top of the aquifer. Three of the five domestic wells in the monitoring
program have been confirmed at d~pths of less than 30 ft. Because of their distance from the mill
site, any site-related contamination should be located at depths well below those at which the
domestic wells are completed based on the CSM of groundwater contaminants migrating
downward through the alluvial aquifer as they progress downgradient. For this reason it is
unlikely that water quality in the buffer zone wells will be affected by site-related contamination.
However, as an added precaution, monitoring will continue to ensure that water from these wells
is.protective of human health.
Groundwater discharges to the surface at the gravel-pit ponds south of the site and, depending on
the time of year, to Tomichi Creek and the Gunnison River. Site-related contamination has been
observed in the gravel-pit ponds; however, pond water presents no unacceptable human or .
. ecological risk, as documented in the SOWP (DOE 2001). Concentrations are at levels low
enough that likely contact by people (e.g., incidental ingestion or dermal exposure) would result
in negligible risk. Uranium concentrations in pond water have been below the UMTRCA
groundwater MCL for more than 10 years (DOE 2016). Though not applicable, water quality of
the ponds has also met surface water quality standards for uranium that apply to nearby
Tomichi Creek.
Surface water in Tomichi Creek and the Gunnison River is designated for four uses: agriculture,
aquatic life (cold), recreation, and water supply. Uranium has been detected in Tomichi Creek,
but at levels (0.0027 to 0.0361 mg/L) one to two orders of magnitude below the applicable
surface water quality standard (CDPHE 2016). No evidence of site-related contamination has
been observed in the Gunnison River. It can be concluded that both groundwater and surface
U.S. Department of Energy
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water quality are currently protective of existing and anticipated uses of the site and
surrounding areas.

3.0

Groundwater Compliance Strategy .

This section summarizes the current groundwater compliance strategy selected in the previous
GCAP (DOE, 2011), presents the reevaluation of the current groundwater compliance strategy,
and describes the new proposed groundwater compliance strategy. Both the current and proposed
groundwater compliance strategies for the Gunnison site are consistent with the cleanup
requirements of Sections B and C of 40 CFR 192, which apply to UMTRCA Title I sites. They
are also based on the compliance strategy selection framework following the steps presented in
the PEIS for the UMTRCA groundwater project (DOE 1996b). Based on the PEIS framework,
compliance strategies will be reevaluated if conditions change or if monitoring indicates that
EPA groundwater standards will not be met.

3.1 Natural Flushing Compliance Strategy Reevaluation
A natural :flushing compliance strategy was selected by DOE in 2010 and subsequently
concurred on by NRC in 2015. Whil~ this 5-year period is short compared to the 100-year
natural flushing time frame, the reevaluation of the natural flushing strategy is based on more
than 20 years of monitoring data .collected since the completion of surface remediation in 1995.
Early in the monitoring program; before the natural flushing strategy was formally selected,
monitoring results were encouraging, as significant reductions in site-related constituents were
observed. However, these trends did not continue, as reflected in the annual verification
monitoring reports completed for the site from: 2005 through 2016 (these can be found at
http://www.lm.doe.gov/Gunnison/Processing/Sites.aspx). A reevaluation of the compliance
strategy was presented in the 2015 verification monitoring report (DOE 2016) concluding that
natural flushing is unlikely to achieve cleanup objectives. The compliance strategy reevaluation
is sµmmarized below.
Several lines of evidence indicate that the natural :flushing strategy will not be effective in
reducing uranium concentrations to below the 40 CFR 192 MCL within the 100-year regulatory
time frame. These lines of evidence include:
1. Comparison of actual results with model predictions: Figure 4 shows the
comparison of uranium concentrations predicted by groundwater flow and transport
modeling to actual concentrations determined by analysis of groundwater samples from
intermediate-zone monitoring well 0113 (DOE 2001). Monitoring well 0113 was selected
as an indicator of natural flushing progress because of its depth and location adjacent to·
and immediately downgradient of the mill site, which is in an area of the aquifer that
should be the first to flush as the plume migrates off the former mill site (DOE 2016).
Additionally, data from this monitoring well are.used to assess potential aquifer-wide
groundwater impacts from the remaining subpile soil contamination remaining on the
former mill site. As shown in Figure 4, uranium concentrations tracked closely with
concentrations predicted by the groundwater model from 1999 through 2009. Since 2010,
uranium concentrations have been increasing and deviating from model predictions.
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Figure 4. Predicted (Blue) and Actual (Red) Uranium Concentrations in Monitoring Well 0113

2. The magnitude of current uranium concentrations and the trend of uranium
concentrations in selected wells: Since 2010, four monitoring wells (0006, 0013 ,
0113 , and 0183) continue to consistently exceed the MCL for uranium (Figure 5).
Mann-Kendall statistical tests were performed for these wells and no trends were
identified (DOE 2016). Uranium concentrations in well 0006 (0.7 mg/Lin 2015)
continue to be observed at concentrations greater than 15 times the MCL. An additional
well (0112) exceed the uranium MCL in the last two sampling events and shows an
upward statistical trend (0 112) based on Mann-Kendall statistical tests (DOE 2016).
Based upon uranium concentrations consistently exceeding the MCL and no observable
downward trend after 20 years, meeting the 100-year regulatory time frame is unlikely.
3. Residual uranium source remaining in the subpile soils: An investigation of subpile
soils was conducted during field activities associated with the SOWP. Results indicated
uranium contamination remained in soi ls beneath the remediated tailings pile, with
uranium concentrations up to 86.2 mg/kg compared to background concentrations of
0.020 and 0.023 mg/kg . Column experiments on the subpile soils suggest uranium in
these soils is contributing to groundwater contamination. A column test using subpile soil
showed that uranium continues to leach from the soil column after 115 pore volumes of
water was run through the column (DOE 2001).
4. Experience at other sites with similar site conditions: Data collected at other Office of
Legacy Management (LM) sites provide additional evidence that the complexity of
the sites is greater than originally conceptualized and that natural flushing is occurring
at slower rates than predicted by groundwater modeling at numerous LM sites
(Shafer et al. 2014).
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Figure 5. Uranium Concentrations in Selected Monitoring Wells at the Gunnison Site

3.2 Revised Compliance Strategy
The revised groundwater compliance strategy for the Gunnison site is based on the compliance
strategy selection framework following the steps presented in the PEIS (DOE 1996b). DOE' s
goal is to implement a cost-effective groundwater compliance strategy at the Gunnison site that
is protective of human health and the environment. Because manganese is a COPC that is not
regulated by NRC, uranium is the only designated COC for which a formal compliance strategy
must be selected.
After evaluating existing site information and following the decision framework in the PEIS
(Figure 6), DOE selected a compliance strategy of no remediation and the application of ACLs
for uranium at the Gunnison site. The compliance strategy decision making process is explained
in Table 1. The compliance strategy will be implemented in conjunction with continued
groundwater and surface water monitoring and maintenance and verification of ICs. Although an
ACL will not be established for manganese, monitoring of manganese in domestic wells will
continue as part of the ICs to ensure concentrations are protective of human health. The ACL
application that formally proposes the new compliance strategy to NRC is included in
Appendix C.
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Table 1. Compliance Strategy Selection Process for Groundwater at the Gunnison Processing Site
Box from
Figure 6

Action or Question

Result or Decision

1

Characterize plume and hydrological
conditions.

Characterization presented in the SOWP
(DOE 2001) . Proceed to Box 2.

2

Is groundwater contamination present in
excess of MCLs or background levels?

Uranium exceeds the MCL at one or more monitoring
points. Proceed to Box 4.

4

Does contaminated groundwater qualify for
supplemental standards due to limited use
groundwater?

The groundwater does not qualify for limited use
because the background total dissolved solids
concentration is less than 10,000 mg/L, the aquifer
will yield more than 150 gallons per day, and
background COPC concentrations are low. Proceed
to Box 6.

6

Yes . ICs are in place that prevent use of
contaminated groundwater. Monitoring of domestic
Does contaminated groundwater qualify for
wells is conducted to ensure protectiveness. An
ACLs based on acceptable human health and
alternate water supply system is in place to supply
environmental risks and other factors?
domestic water in the area affected by site-related
contamination . Proceed to Box 7.

7

Compliance strategy.

No remediation required . Apply supplemental
standards or alternate concentration limits.

3.3 ACL Determination
An approach was developed by DOE and Colorado Department pf Public Health and
Environment (CDPHE) to establish ACLs in a manner that satisfies requirements of both
agencies. A decision flowchart was developed to provide a consistent and defensible method for
determining ACLs at LM sites located in the state of Colorado. Figure 7 shows the generic ACL
determination process for Colorado sites. Generally, the approach first involves identifying the
extent of the area requiring ACLs. For sites where very large areas are involved (such as at
Gunnison) with widely varying contaminant concentrations, it migl"it be reasonable to divide the
site into sectors where different ACLs would apply.

Based on the generic ACL determination process (Figure 7), for each sector requiring an ACL, a
well(s) should be selected to represent reasonable worst-case groundwater concentrations based
on historical monitoring data. These wells are then used to compute upper threshold statistical
values. After evaluating these statistics and historical monitoring data and trending, the most
reasonable statistical value (based on a variety of factors) is selected for establishment of the
ACL. The ACL determination process is described below specifically for the Gunnison site.
As discussed in Section 2.5 , the historical high concentration of uranium (1.6 mg/L) cited in the
BLRA was considered protective for all permitted nondomestic uses of groundwater within the
IC boundary by more than an order of magnitude. Therefore, establishing ACLs based on a
statistical analysis of historical groundwater data will be protective for all reasonable future
nondomestic groundwater uses. Because establishment of ACLs at any level within historical
concentrations will be protective, the main consideration in establishing the numerical values for
ACLs is for compliance purposes and in meeting as low as reasonably achievable (ALARA)
criteria. Values should be high enough that exceedances are not expected, while still being as
low as reasonably possible.
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3.3.1

Areas Requiring ACLs

The portion of the alluvial aquifer downgradient of the former mill site and within the IC
boundary has a large areal extent. The IC boundary extends for approximately 1.2 to 1.4 miles
from the western edge of the former mill site to the western edge of the IC boundary. Because of
this extent and because of the large difference in historical uranium (the only COC requiring
ACLs) concentrations in groundwater on the former mill site versus downgradient of the former
mill site, the alluvial aquifer was broken up into two sectors for purposes of applying ACLs. The
first sector is on the former mill site and is referred to as Sector 1. The second sector is
downgradient of the former.mill site and is referred to as Sector 2. These sectors and the
monitoring locations included in each are shown on Figure 8.
Key to establishing ACLs is the identification of points of compliance (POC) and points of
exposure (POE). POCs are locations where the ACLs must be met in groundwater. Typically
these are the locations with the highest COPC concentrations and they usually are within or
immediately downgradient of the contaminant source area(s). PO Es are defined as locations
where humans, wildlife, or other environmental species could reasonably be exposed to COPCs
from the groundwater. POEs could be domestic wells installed in the aquifer or locations where
aquatic biota might be exposed to contaminated groundwater discharging to a surface water
body. The concentration of a constituent established as an ACL at a POC location must be
demonstrated to be protective of potential uses at the POE location. For each ACL established at
a site, a POC and POE must be identified (NRC 2000). For the Gunnison site, this means
establishing POCs and POEs for both Sectors 1 and 2.
Because of the implementation ofICs, there is no complete exposure pathway (or POE) to
groundwater in Sector 1. Groundwater use for any purpose is prohibited, and there are no
discharges of groundwater to the surface. Concentrations in groundwater in Sector 1 only need to
be protective for potential uses for POEs in Sector 2. All wells in Sector 1 are considered to be
POC wells. Wells 0013/0113 are the most upgradient POE locations where groundwater coming
from Sector 1 can be used and are established as the Sector 1 POE wells (Figure 8).
Groundwater anywhere in Sector 2 can be used for nondomestic purposes and must be suitable
for these uses. All wells within Sector 2 would therefore be considered both POC and POE
wells for nondomestic uses. Groundwater in Sector 2 also discharges to the surface at the
gravel-pit ponds, Tornichi Creek, and Gunnison River, where exposures can occur at these
surface water POEs. ACLs applicable to Sector 2 must ensure that surface water is suitable for
its designated uses.
At the downgradient edge of Sector 2, groundwater must be suitable for unrestricted use
(i.e., meet the uranium MCL) because no controls on groundwater use are in place beyond the IC
boundary . Wells 0160/0161 are the farthest downgradient wells in the monitoring network.
While they are located inside the IC boundary, they are closest to potential POE locations outside
the IC boundary and are established as such for compliance purposes (Figure 8).
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3.3.2

Determining Numerical Values for ACLs

Existing ACL guidance does not specify or recommend any particular methods for establishing
ACL values. A review ofNRC-approved ACLs for Title II sites indicates that ACL values are
most commonly based on maximum groundwater concentrations associated with source areas at
a site (e.g., WNI 1999; Umetco 2001 ; Pathfinder 2002). A consistent, transparent means of
determining ACLs using those maximum concentrations is ideal and is available in EPA's
ProUCL tool.
EPA's ProUCL Version 5.0.00 Technical Guide (EPA 2013) discusses statistical measures that
are commonly used as background threshold values (BTVs). These measures are typically used
to estimate the upper limits of a background data set for use in detection monitoring programs at
potentially contaminated sites. An exceedance of a BTV is generally considered to be evidence
of site-related contamination and is often used to trigger corrective action. EPA describes several
commonly used BTVs, including upper percentiles, upper prediction limits (UPLs), upper
tolerance limits (UTLs) and upper simultaneous limits (USLs). These measures are usually
assigned confidence coefficients that reflect the acceptable degree of confidence in these
estimated limits. The most commonly used confidence coefficient for these limits is 0.95
(e.g., a 95% USL or USL95); additionally , a coverage probability of 0.95 is commonly
associated with a UTL (e.g., a 95% UTL with 95% coverage or a UTL95-95).
Both parametric and nonparametric BTVs are available and are calculated by ProUCL.
Nonparametric tests do not require a specific data distribution but might not provide the
specified coverage when sample sizes (n) are less than 60 (EPA 2013 ). Parametric statistical
tests assume some underlying distribution of the observed data. While a normal distribution is
often chosen as the default for statistical testing, other distributions might be more appropriate
for application to environmental data. Gamma and lognormal distributions have both been used
for this purpose (Gilbert 1987). EPA notes that in corrective-action monitoring, where
groundwater is known to have been impacted, a default presumption of lognormality can be
made. However, rather than deferring to a default assumption, EPA recommends use of a
goodness-of-fit test when n is greater than or equal to 8 (EPA 2009). ProUCL performs these
goodness-of-fit tests for normal, gamma, and lognormal distributions.
EPA (2013) discusses advantages and disadvantages of various BTVs. UPL95s are
commonly used for detection and compliance monitoring purposes (e.g., Gibbons 1990, 1991 ;
ASTM D7048-04) . However, to correctly apply this measure, it is necessary to specify in
advance the number of future measurements (k) to which the UPL95 will be compared; the
computed UPL95 is valid only for that number of comparisons. For example, a facility might
collect 4 upgradient (background) and 4 downgradient samples each year and do a yearly
comparison of all background and down gradient wells (k= 1). The UPL95 would be computed
using previous background data, if any , plus the 4 new analyses. The UPL would be valid for
only the one end-of-year comparison. A new UPL would be computed for the next year' s
comparison after collecting 4 additional background samples.
For the Gunnison site, it is desirable to have a single value for an ACL that can be used for an
unspecified number of future comparisons. Generally , when a BTV is needed to compare with
many future observations, EPA recommends the use of a USL95 or UTL95 -95 over a UPL
(EPA 2013). A parametric UTL is recommended over a nonparametric UTL , although it is noted
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that a lognormal UTL can produce "unrealistically high" values. A USL95 tends to result in
fewer false positives than a UTL95-95 , particularly with a larger n. There is no single "right"
statistic for use in any particular situation. The selection should be based on whether a value
seems "reasonable" for its intended purpose (EPA 2013).
The statistics discussed here are most often used for establishing BTVs for use in detection
monitoring. Statistics are computed using data from background wells unaffected by site-related
processes. If concentrations in downgradient wells exceed a BTV, it is assumed this is due to
releases from the intervening waste management unit. In the case of the Gunnison site, the
"background" concentrations are actually those in the source area. The statistical calculations are
being applied to monitoring results in areas representing new post-milling baseline conditions.
The goal of the monitoring is not to detect contamination but to demonstrate source area stability
and confirm attenuation of constituents at downgradient locations. In this scenario, BTV s
calculated for the Gunnison site are used as ACLs.
EPA ' s ProUCL statistical software was used to calculate the BTVs for uncensored data sets
(no nondetects). Results of the various USLs and UTLs are presented in Table 2 for Sectors 1
and 2. Sector 1 statistics are based on well 0012/0012R, and Sector 2 statistics are based on
well 0113. These wells generally had the highest concentrations in each sector that resulted in the
highest BTV s. Data for the Sector 1 well conformed to approximately normal and gamma
distributions and to a lognormal distribution. Data for the Sector 2 well appeared approximately
normal and gamma distributed, but not lognormal.
Table 2. Calculated Background Threshold Values for the Gunnison Site

Distribution

Normal

Gamma

Log normal

Nonparametric

Statistic

Sector 1
(Well 0012/0012R)
(mg/L) (n = 23)

UTL95-95

1.515

0.515

USL95

1.627

0.608

WH UTL95-95

1.802

0.696

HW UTL95-95

1.869

0.768

WH USL95

2.032

0.959

HWUSL95

2.13

1.109

UTL95-95

2.164

1.364
2.675

Sector 2
(Well 0113)
(mgll) (n = 37)

USL95

2.586

UTL95-95

1.43

0.56

USL95

1.43

0.56

The nonparametric USL95 was selected as the appropriate BTV for both sectors. No particular
distribution of sample data is required. The nonparametric BTV s are generally more conservative
than parametric and therefore satisfy the ALARA criteria for an ACL. The nonparametric USL95
and UTL95-95 are identical for the Gunnison data set.
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For Sector 1, the determination of the uranium ACL at the Gunnison site was conducted using
flowcharts in Figure 9. The flow in Figure 9 follows the red arrows for uranium and is explained
in Table 3. The nonparametric USL95 was determined to be the appropriate BTV for Sector 1.
The proposed uranium ACL for Sector 1 is 1.43 mg/L.
Figure 10 shows the ACL decision process for Sector 2. The nonparametric USL95 was also
determined to be appropriate for Sector 2. The proposed uranium ACL for Sector 2 is 0.56 mg/L.
Table 4 provides further explanation.
Based on an evaluation of historical data and trending for uranium, the proposed ACLs appear to
be reasonably high to prevent exceedances. However, from a statistical standpoint, the actual
confidence coefficients achieved for the UTL95-95 (and USL95) for Sector 1 and Sector 2 are
only 0.69 and 0.85 , respectively , and not the specified 0.95. In a situation like this, EPA suggests
that another larger BTV might be appropriate (EPA 2013). If an ACL exceedance should occur,
the lower than desired degree of confidence in the test statistic and ACL should factor into the
decision of whether or not to take further action.
Groundwater modeling indicates that uranium exceeding the MCL should not migrate beyond
the IC boundary. The only area that might be expected to exceed the MCL at 100 years or more
is within the IC boundary. However, as discussed in Section 3 .1 , observed concentrations at
well 0113 do not match predicted concentrations. Therefore, the validity of predicted Sector 2
concentrations could also be questioned. The Mann-Kendall trend analysis in the most recent
verification monitoring report (DOE 2016) indicates that farthest downgradient wells 0160 and
0161 both display upward trends for uranium (data from 1997 to present; Figure 11 ). However,
all wells in the two well pairs upgradient of these wells (0188/0189 and 0183/0181) display
either a downward trend or no trend. This is an indication that concentrations are stable or
declining. Based on upgradient monitoring results, monitoring wells 016010161 are expected to
level off at concentrations below the MCL and thereby be protective of unrestricted groundwater
use outside the IC .boundary.

4.0

Compliance Strategy Implementation

Implementation of the compliance strategy of no remediation with the application of ACLs
allowed in Section B of 40 CFR 192 for the Gunnison site is discussed in this section. The
compliance strategy has two major components: (1) compliance monitoring to assess
conformance with ACLs, and (2) I Cs monitoring and enforcement to ensure continued protection
of public health.

4.1 Compliance Monitoring Program
The long-term monitoring network for the Gunnison site includes 26 DOE monitoring wells and
one surface water location (Figure 8 and Table 5). Monitoring will be conducted annually.
Samples collected from all monitoring locations will be analyzed for uranium. Field
measurements of pH, specific conductance, temperature, and turbidity will be made at each
location. Sampling procedures and protocols, including quality assurance and quality control
measures, are specified in the Sampling and Analysis Plan for U S Department of Energy Office
of Legacy Management Sites (LMS/PLN/S043 51 ). Results will be evaluated as discussed in
Table 5.
U.S. Department of Energy
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Figure 9. ACL Determination Process at the Gunnison Site - Sector 1
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Figure 10. AGL Determination Process at the Gunnison Site - Sector 2

Table 3. AGL Determination Process for the Gunnison Site - Sector 1-Uranium

Step
1
2
3

4

ACL

Action or Question
For each COPC , select wells in the
monitoring network with the highest COPC
concentrations .
Calculate the nonparametric USL95 for each
COPC at each well using the entire data set.

Result or Decision
Monitoring wells 0006, 0012/0012R were selected as existing Sector 1 monitoring wells with
the highest current and historical uranium concentrations .

BTVs were calculated for the data set from each monitoring well listed above using EPA's
ProUCL statistical software.
The nonparametric USL95 was selected as the ACL with a concentration of 1.43 mg/L for
Select the maximum USL95 for each COPC.
uranium in monitoring well 0012/0012R.
Does contaminated groundwater discharge
No, there is no groundwater discharge within the area for which ACLs are being
to surface water (river, ponds or seeps)
established .
within the area for which the ACL is being
established?
Designate maximum USL95 for each COPC
The ACL is designated 1.43 mg/L at POC wells on the former mill site.
as the ACL in the POC wells .

Table 4. AGL Determination Process for the Gunnison Site - Sector 2-Uranium

Step
1
2
3

4

5
6
ACL

Action or Question
For each COPC , select wells in the
monitoring network with the highest COPC
concentrations .
Calculate the nonparametric USL95 for each
COPC at each well using the entire data set.

Result or Decision
Monitoring wells 0013 and 0113 were selected as existing Sector 2 monitoring wells with
the highest current and historical uranium concentrations .

BTVs were calculated for the data set from each monitoring well listed above using EPA's
ProUCL statistical software.
The nonparametric USL95 was selected as the ACL with a concentration of 0.56 mg/L for
Select the maximum USL95 for each COPC .
uranium in monitoring well 0013.
Does contaminated groundwater discharge
Yes , contaminated groundwater discharges to the gravel-pit ponds downgradient of the
to surface water (river, ponds or seeps)
within the area for which the ACL is being
former mill site.
established?
Establish the POE at the surface water
The POE is established at established sampling location 0780 located at one of the
feature where contaminated groundwater
gravel-pit ponds.
discharges.
Yes . A uranium concentration of 0.56 mg/Lis below the chronic aquatic surface water
Is risk acceptable if USL95 concentrations
quality standard of 1.09 mg/L (for a hardness of 75 mg/Las CaC0 3).
are measured at the POE?
Designate maximum USL95 for each COPC
The ACL is designated 0.56 mg/Lat POC wells downgradient of the former mill site.
as the ACL in the POC wells .

Figure 11 . Time Versus Concentrations for Selected Oowngradient Monitoring Wells at the Gunnison Site

If ACLs are not exceeded after 5 years of annual compliance monitoring, then DOE will evaluate
the compliance monitoring program and recommend changes in the long-term monitoring
network and/or sampling frequency . After NRC concurrence is obtained, changes to the
compliance monitoring program will be documented in an errata sheet to this GCAP.

4.1.1

Compliance Monitoring Evaluation

Monitoring results of Sector 1 wells will be compared to the ACL of 1.43 mg/L for uranium.
Sector 2 well results will be compared with the ACL of 0.56 mg/L for uranium . Routine
monitoring will be conducted as long as results remain below the ACLs. If analytical results
exceed an ACL, the results will be evaluated to verify conditions associated with the result. If the
validation and verification process indicates that the result is potentially valid , the well will be
resampled. If well resampling results remain above the ACL, quarterly sampling of the POC and
POE wells will be required. If concentrations decline to below the ACL again, routine
monitoring will be resumed. If concentrations remain above the ACL, this might signal that the
ACL was set at too low a level and a revision of the ACL or some other action might be needed.
Figure 12 shows the decision process for an ACL exceedance.
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Table 5. Compliance Monitoring at the Gunnison Site
Monitoring
Well a

Screened
Interval (ft)

Rationale

Designation

Groundwater
0005
0105
0006
0106
0012R
0112
0013
0113
0125
0126
0127

10-15

Origin of plume

POC - Sector 1

42-47

Origin of plume

POC - Sector 1

10-15

Origin of plume

POC - Sector 1

34-39

Origin of plume

POC - Sector 1

6-16

Origin of plume

POC - Sector 1

40-45

Monitor plume migration

POC - Sector 1

11-16

Monitor plume migration

POC/POE - Sector 2

41-46

Monitor plume migration

POC/POE - Sector 2

18-23

Monitor plume migration

POC/POE - Sector 2

54-59

Monitor plume migration

POC/POE - Sector 2

94-99

Monitor plume migration

POC/POE - Sector 2

0135
0136

18-23

Monitor plume migration

POC/POE - Sector 2

53-58

Monitor plume migration

POC/POE - Sector 2

0064

87- 97

Monitor plume migration

POC/POE - Sector 2

0062

48-58

Monitor plume migration

POC/POE - Sector 2

0063

88-98

Monitor plume migration

POC/POE - Sector 2

0181
0183

18-23

Monitor plume migration

POC/POE - Sector 2

93-98

Monitor plume migration

POC/POE - Sector 2

0065

50-60

Monitor plume migration

POC/POE - Sector 2

0066

40-50

Monitor plume migration

POC/POE - Sector 2

0186
0187

53-58

Monitor plume migration

POC/POE - Sector 2

93-98

Monitor plume migration

POC/POE - Sector 2

53-58

Monitor plume migration

POC/POE - Sector 2

93-98

Monitor plume migration

0188
0189
0160
0161

51-56

Adjacent to IC boundary

93-98

Adjacent to IC boundary

POC/POE - Sector 2
POC/POE - outside IC
boundary
POC/POE- outside
IC boundary

Surface Water
0780

NA

Gravel pit-aquifer discharge to pond

POE

Note:
Monitoring wells listed in the same table cell are .co-located.

a

Abbreviation :
NA = not applicable
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ACL Is exceeded in POC w ell

Evaluate Potential
for a realistic
exceedance

1

Resample
well

< historical maximum
concentration or riskbased thresholds?

Resume routine
monitoring program

2

Develop and Implement ICs

Yes
Yes

Sample POC well :nd POE
quarterly

Yes

Do COC concentratton.s
exceed the ACL1

Yes
5

Evaluate ttend of the COC
concentration in the POC

well

pdate the ACL usins the ACL
determination process and currenr
sit e informat io n to mainta in

protectiveness

Notes:

1
Evaluare po1ential causes of th e exceedance including ch mate. hydro logy, and/or ant hropogenic stres!tOrs and if t he eMceeda nce is expected to be short-lived .
Compare concentration t o other co mputed background threshold values to determine significance. If resam pl ing is not warranted, continue the rout ine
monitoring program .
2rhe POC well w ill be sampled as soon as practical pending the resu lts of t he evaluat ion and comparison in Note 1.
1
11 the POE i s not m t he cu rre nt mon itori ng network, it will be sampled at the same time as the resamp ling of the POC w ell , and it will be added to the monitormg
program .
"Quarte rly samp li ng w tH co mmence w ith the first sampl ing eve nt after the initial ACL exceeda nce. If COC concentra tion is below the)"\Cl afte r t he last quarterly
sam pling event, t hen quarterly sa mpli ng w ill be disconti nued; 1f not, quarterly .sampling will continue for an add1t1onal 4 quarters.
5rrend based o n M ann-Ke nda ll t est at a 95% level of significance. Norma lizat io n of t he COC concentrat ion data may be needed t o accoun t for seaso nally varia bl e
water levels .

Figure 12. AGL Exceedance Protocol at the Gunnison Site
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4.2 Institutional Controls
Alluvial groundwater is contaminated beneath and downgradient from the Gunnison site on
property controlled by Gunnison County and private landowners. ICs applied in conjunction with
the natural flushing compliance strategy are restrictions to ensure protection of human health and
the environment by limiting access to the contaminated groundwater. The IC boundary is based
on scientific evidence that it encompasses the plume of contamination and potential migration of
the plume (Gunnison County 2004) (Figure 1). I Cs in effect near the Gunnison processing site
consist of:
•

A quitclaim deed that prohibits well drilling and use of groundwater and places controls on
excavation, construction, and buildings.

•

A Gunnison County resolution establishing the New Domestic Well Constraint Area for the
Dos Rios area of the county that prohibits drilling of new wells within the IC boundary.

•

Construction of a domestic water supply system to provide drinking water to residents
within the IC boundary.

4.2.1

Quitclaim Deed

ICs are in place within the boundary of the former mill site through deed restrictions that became
effective when the State of Colorado transferred ownership to Gunnison County via a quitclaim
deed in December 1999 (Appendix A) . The deed restrictions prohibit use of contaminated
groundwater, control excavation of contaminated soil, and stipulate that radon mitigation
measures are required for habitable structures. The quitclaim deed specifies approvals needed
from CDPHE and DOE for excavation, well construction or other groundwater exposure, and
construction of habitable structures. If part or all of the mill site property is transferred to another
owner, the deed restrictions will remain in effect. DOE, CDPHE, and Gunnison County have
discussed the need to keep any disturbance of supplemental standards areas, due to excavation
and construction, as minimal as possible.
Gunnison County is constructing an industrial park at the former mill site. Because the former
mill site is within the service area of the Dos Rios water system, the planned industrial park will
have a source of domestic water available. As stipulated in the quitclaim deed, DOE and the
State of Colorado will have oversight and approval authority on the industrial park construction
plans regarding the handling of groundwater and soil during construction and the radon
mitigation measures in habitable structures. An updated base map of the site was produced by
overlaying the supplemental standards areas on an aerial survey that was conducted in 2014. The
new base map will facilitate timely and accurate assessment of impacts to supplemental
standards areas when new construction drawings are overlaid on the base map. In addition, DOE,
CDPHE, and Gunnison County have been working cooperatively to develop protocol to
streamline the review process, to convey guidance to Gunnison County for planning construction
activities at the former mill site, and to clarify the procedures for CDPHE and DOE for
reviewing proposed construction activities.
4.2.2

New Domestic Well Constraint Area

To restrict the use of contaminated groundwater in the vicinity of the Gunnison site, Gunnison
County approved a resolution establishing the New Domestic Well Constraint Area for the
Groundwater Compli ance Action Pl an - Gunnison, Colorado, Process ing Site
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Dos Rios area of the county (Resolution No. 59, Series 2004) (Appendix B). The resolution
prohibits new domestic wells within the IC boundary and ensures that each property owner has
access_ to a domestic water supply provided by the Dos Rios Water Treatment System. DOE and
CDPHE contemplated alternative treatment systems and found that prohibiting new domestic
·wells within the IC area was the preferred alternative (DOE 1991). It was determined that this
solution was in the best interest of public health, safety, and welfare.

4.2.3

Domestic Water Supply System

In 2004, DOE entered into a cooperative agreement with Gunnison County,.approved by the
NRC (DOE 2004), in which DOE (along with CDPHE) agreed to fund extensions of the
domestic water-supply system to accommodate projected future growth within the IC boundary.
A major extension was constructed in 2005 and 2006. Smaller extensions were constructed in
2008 to supply water to .the former mill site and several parcels ofland south and west of the
former mill site.

4.3 IC Verification
Monitoring of institutional controls will be conducted to verify their continued effectiveness.
All I Cs at the Gunnison site will be tracked, verified, and documented on a periodic basis. IC
verification will include reviewing and _approving construction plans on the former mill site, .
verifying the absence of new well permits within the IC boundary, sampling of domestic wells,
and inspection of monitoring wells.

4.3.1

Domestic Well Monitoring and Evaluation

The domestic well monitoring network includes the five domestic wells shown in Figure 8 and
Table 6. Domestic wells will be sampled annually and analyzed for uranium and manganese ..
Field measurements of pH, specific conductance, temperature, and turbidity will be made at each
locatiqn. Sampling procedures and protocols, including quality assurance and quality control
measures, are specified in the Sampling and Analysis Plan for US. Department of Energy Office
of Legacy Management Sites (LMS/PLN/S04351).
Results of domestic wells analysis will be compared to the action level of 0.02 mg/L set for
uranium in the buffer zone monitoring plan. This is lower than the MCL. If action is needed, it
can be taken before the MCL is exceeded. Manganese results will be compared to the DWEL for
manganese of 1.6 mg/L. Since this is a lifetime advisory, exceeding it for a short period should
not cause adverse health effects. If the action level or DWEL is exceeded in a domestic well,
· DOE and CDPHE will conduct an evaluation to determine a course of action.

U.S. Department of Energy
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Table 6. Domestic Well Monitoring at the Gunnison Site
Monitoring
Well

Depth (ft)

Rationale

Designation

Domestic Wells . .

0476
0477
0478

Unknown

Verify low COPC concentrations

IC monitoring

28

Verify low COPC concentrations

IC monitoring

Unknown

Verify low COPC concentrations

IC monitoring

0667
0683

20
25

Verify low COPC concentrations

IC monitoring

Verify low COPC concentrations

IC monitoring

5.0
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11f 30.91 fceno the Westerly tight-of-way line of r}~ existing cour.iy ro1d; lh<n<< North 00"07'00' Wm •Ions uid righl·Df·W•Y Jin: 742.17
feet: thence Nonh 53•22·00· West, 231.90 feet, ID the POJNTo~· BEGINNING; lh<n«: Southoa51crly alGt)g. said right-of-way •long a CUl\'C
tn the right, having a ~•dius or 144.71 fc.:t, 268.98 f<>01, chonl bearini: Soulh 53'22'00' East, 231.90 f•.,; !her.to South 00'07'00' E3SI along
said right·of-way line, 742.17 fe<t. to tho Nonh line of $>>.I Section 11; lh:r.ce Soulh00'08'00" E..lt along s1id righH>f-way line, 10 Ill~ Soulh
line <>f said NE'>INW'.4: rh:nce South 89'41'00' West •Ion& S3id SO\Jlh line, l,271.72 fcct: lhen:e North OJ<06'00" We>t, 1320.0J feer to
saiJ North linc of Smion 11: lheo:c Ncrth 89"34'00' Ea.<1 along s:oid North lino, I 12.00 feet; then<c Nonh 00"31'00' East, 219.42 feet
:dieoo: Nonh S'/'09"00' W<lt, 166.32 feet; thence North 13'~6'00' We~ 99.16 fut: lh<ro:e North 06°14'(.'()' Wm. 211.SS feel to the
Souiherly righl·of·way Ii"" of S:.iJ <.<i>llflS county road; lhorxc Northeasterly •lo~ .a<I right-of·way lir.o, to the POINT OP BEGINNING
Sul>jm to: Ci) any co•I.

on, gas. or ether min<r>l righis in any person: (If) exl<tin.g righis-of-way for roads, ralfrruds, teleph<Jne lines,

tr;msmission lines, utilhies. ditches. c.cnduitj. or p~pelines on, over, or aero.ss said 1an:fs; (iH) court Jiem.judgments, or linanc-ia.I

eoeurnbrarn:es
inlt:n:·st~.

su~h

•s dud• of rruu for which• formal con,.nt Norder hu b<on obtai~d from• <00rt ror !he lien holder; {i>) other rights,

re.serntirm or excC'ptions of r«:ord; ilnd

lh~

following tenns. coOOitions. rights, reservations il.nd conmnts:

Gr2ntor reserves 10: (i) ilseJf, 1he U.S. ~parfmenl of Energy, rh~ir employees. agen[S and conlnCf.Qrs' the right of acce~ lO th~ propc.rty .u

may he neomory to complete aclivirios under rhc Ur>nium Mm Tailings Radietion Control Act of 1978, 42

u.s.c, § 7901 et '"I·

('IJMTRCA ')and for 1>d\or lawful purpJ!el. until suth tim: u Grantor aod the U.S. !Xpamncnt of En<1gy det<rrnin< lhar all remedi'1
activities ar< complm;

•oo (iil 10 itself anr non·Uibutary grounlwater uooerlyi"ll this pll'cel, lh• right to ~evelop lribulary grouoilwalcr, •oo

the righ1 [0 s,1Jrface access for grourw.Jv.ater denfopmeru.

Grant<e COYenanlS co hold h>rmloss Ill• Gmltor and the D<pann1<nc"' EnertY for •ny liability associJ.l<d widt di1rvpli•n

or any public

rurpose •·entures on the prop< rt)' conveyed by diis d«d, th• disruption ~rany impn:ncm<nl on SliJ property made by 1he Grantee, its
su:cessors .aOO assigM• .a.DJ any tempi:irary or p:rm:mcnt. limitarions to the use of lh:

En,rgy be rtquitcd lD perform additiotnl surface rerncdill

acti~ilies

pr~ny. ~oukl

the Gr.dnror and lhc Dep:utment of

on lho property conveyed h)' this deed.

o,.mee covmmts (i) to comply with ~ •ppli>:able provisiolll ol UMTRCA, 42 U.S.C. 11901 er. seq., as am<r>led; (ii) noc to u"' grcur.d
Yr"41er frnm the silc for any, porposi:,· and not to C:OMltml wells or any me3ra of e.rpos.ing 11rouD1 w11cr to lhc .surfK-e unless prior written
apJ>ruva\ for such use is giv-eq by rhc Grantorard the U.S.

Dcpar~n•

or (?pergy; (Jii) nol to ~ell Gr u.a.n.~fcr tho hrd lo a.n)·om other tAAri

iii

governmental entity withln d1:. st.a.to.: {iv) th~n any S31o or rram.fe~ of the property de.scribed in this.Je.ed 1haJI h.we prior wriuen appro'r'a1 from

tho Granror•nd rho U.S. Dep•nmml of Enorgy; aoo th!! any deed or other d0<urneru creat«l for suth >ale or transfer ar.d any 5'.lb;tqll(n<
:'Qif.c or tr.•mt.ifer will im:hilk inform1tion stating tlt!t the property was ol):C UStd as a uranlun1 miJUng site ~rd all other information reganHng

thi <Xl<nt of ,.,.i<lu•I radiomive m.tterials r<movcd from rho proporl)" as required b)· S<.:r:~n J04(d) of !he Uranium Mill Tailings. 42 U.S.C.
se-c. 70J4(d), ;mJ as. set fonh in tbe Annoution attached hereto; (v) noc to perform corut~tion a.OO:'or CAta\".alion or soil removal of an)' kind
011

the prnporiy without i;<rniission from rho Gr>nlor •nl rh• U.S. Dcpartrneot or En<rgy unless prior wrillon approval or conslruclion plans

(<.g .• facilities iypc •nd l0<a1iotl), is given by the Granror arrl die U.S. lleputmtlll of Energy: (VJ) &.11 any h•biUblo strucrurts con<tructed
cm rlte property slnll
3<.1,·er~dy

impacl

~mploy

a radon \'entih.rion S)'Stern or other tBdon mitigation IW"..3.Wrcs: aOO (vit) lh:u its we o! the prorcrry WU nor

grouM.wa:~r

ctuality, oor inrcrferc. in any way. with grounolwatcr rtmNhliDn uOOer UMTRCA activities; 3nd (\•iii) rouse lhc
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propor1y •rd any profiu or t>en<fiis derived therefrom only for public l'JlpOSes as "quired by UMTRCh w:. 104(c}(l)(C), 42 U.S.C.
7914(e){l)(C).

111ese awe11:1n<s are m•de in favor aoo r~ lh: benefir of Gnntor, s..lu.11 ruo with the bn.1 ml be bil>!in;; upon Grann:e •nl iu .wcc.uors anJ
a.uigns, and •h•ll be enforceable by Guntar, ard irs SU(<tlSOrs •nJ ..,,;gns;

Gr:i:ntee ackno"'·lodg,es lhat rht propertY w.as or.cc us.ed as a ur.ainium milling: site. and th.it the Grantor m.tkes oo represtN!.tions or warranti~s
d1u rhe proporty ;_, suiublc for Oranree's purposes;

IN Wl11'1ESS WHEREOF:
GRANTOR:
APPROVED AS 70 FORM:
STATE OF COLORADO
Bill Ov.·rn,, Governor
A<ting by ani lhrougb
The Dep;irtmeru of Pub!io Health anl En•ironm<:N

ACCEP'l'ANCE OF DEED

GRAh"fEE:

""k.-1& c'S\- C.e\J.f\...\- ~ C.::9 r'\l\,Vl'\A.~ St o f\.e.r.s
6"'-'(\,·\f\.\.~C"'-- CDu._"-..\~ c. D

AND COVENANTS

~gal Nam• or Agenoy)

1

<'

~~

J

(Na mo)

Title:

Signed mis

6th

Gunnison County Comniissioners

d•yorDecember,19 99

STATB OF COLORADO.

county of

Chairperson,

} ss.

Denver

The foregoing instrument was acknowledged before me this

Page A-2

19th

1111111111111111111111111111111111111111111111111111111
499881 02/24/2000 10•19A 319
3 _or S R 0.00 D e.ee N 0.00 Gunntton Counly

No.

QUIT CLAIM DEED

T-0

S'.fATE OF COLORADO,

}ss.

County of

I hereby certify lhat this instrument was filed
for rec,?rd in my office, at - - - - - o'clock _M •• _ _ _ _ , 19_
and is duly recorded in book _ _ _ __

page _ _ _ _ _ _ _ _ _ __
Film No.

Reception N o . - - - -

Recorder.

B>'----------~:-::::~
Deputy.

Fees.$ _ _ _ _ _ __
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ATTACHMENT A
lAND ANNOTATION
GUNNISON, COLORADO PROCESSING SITE
The Uran.ium Mill Tailings Radiation Control Act (Public Law 95-604). Section I04, requires
that the State notify any person who acquires a designuted processing site of the nature and
e.'<tent of residual radioactive materials removed from the site, including notice of the date when
such action took place. and the condition of the site after such m::tion. The following informatio'n
is provided to fulfill this requirement.
The Gunnison. Colorado processing site consists of two separate .land parcels. The northern
parcel contained the tailings pile. while the sou.them parcel contained the mill building and
associated structures. However. since the two sites are contiguous and physically similar, the
remainder of this annotation will address the mill site a.s a whole.
Approximately 734,000 cubic yards of contaminated materials which included I) tailings; 2)
subpile soils; 3) surficial materials in the mill yard; 4) windblown materials; and S) mill
demolition debris were removed from the mill site from 1993 to 1995. The remediation was
conducted in accordance with regulations promulgated by the U.S. Environmental Protection
Agency, in 40 CFR 192. These regulations require that the concentration of radium-246 in land
averaged over any area of 100 square meters shall not exceed the background level by more than:
5 pCi/g (picocuries per gram), averaged over the first 15 cm (cencimeters) of soil below the
surface, and 15 pCi/g averaged over 15 cm thick layers of soil more than 15 cm below the
surface. Verification measurements were conducted at the site by dividing the site into
·approximately 2,900 30-foot by 30-fool grids. A soil sample was collected and analyzed for
contaminants from each grid to verif; that the standards had been met.
After remediation was compkte the ::ite wa5 backfilled with approximately 450,000 cubic yards
of clean fill material, graded for drainage and revegelated. Backfill materials were routinely
analyzed for radium-226 and were dc:tennined to have concentra!ions near background. Material
with radium-226 concentrations less than 5 pCi/g were used fo~ surface backfill.
Excavation of residual radioactive material was also conducted for thorium-230 beneath the
tailings pile in the subpile soils which consisted mainly of large cobbles. sands and gravels. For
lhorium-230, 1he cleanup standard \\as determined as a projected 1,000 year rndium-226
concentration based on the eventual decay of the thorium to radium. Because lhe material
contained large cobbles, a mass correction factor was applied which allowed for the averaging of
the thorium com:cntrn.lion throughout the soil ma3s_ This resulted in a bulk th.orium-230
concentration of approximately 35 pCi/g ns the· clean-up standard.
Due to the shallow depth of the wmer table beneath the tailings pile. complete excavation of all
thorium-contaminated material was not teasiblc withouc extensive dewatering. Thus, in
accordance with the EPA regulations a procedure was developed whereby thorium contamination

. ---r
I
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was left in place at dep!h. once the water !able was reached in.the excavacion. Any concentration
of thorium above 175 pCi/g that was to remain in place
to receive a cap la)'er of one foot of
fine-grained backfill. called ·•select fill'' as low in the excavation as possible. to reduce the '
eveomal emissions of radon gas from the thorium deposits. (The value of 175 pCifg was based
on a radon emanation model that detennined that afler backfill. the radon escaping from a deposit
of less than 175 pCi/g would be below the EPA standard for radon emanation. Ariy
concentration greater than 17 5 pCi/g would need to have a cap layer that would minimize the
. radon emissions.) At the Gunnison site, 596 grids received the select backfill material
(approximately 22.000 cubic yards of select fill were used at the site). An additional 41 grids
contain thorium deposits in concentrations greater than 175 pCifg, but are not covered by the
select till material. The locations of the thorium-containing grids are sho\'<ll on the attached map.
Additional information regarding the depth to the thorium deposits and the depth to the select fill
is available upon request from Colorado Department of Public Health and Environment and has
been provided to Gu!lllison County. The select fill can be visually dist.inguished from the general
fill by its darker color and fine-grained texture (the general fill was a coarse-grained sand/gravel
material).

was

T_he groundwater beneath the Gunnison Mill site remains contaminated and will be addressed
during Phas~ lI of the uranium mill tailings remedial action project. Several groundwater
monitor wells are present on and downgradient of the site and will remain in place until the U.S.
Depanment of Energy detennines that they can be removed.
Any person who acquires a designated processing site shall apply for any permits, including U.S.
Anny Corps of Engineers Section 404 permits regarding construction in or near wetlands, as
required by law.
Additional information concerning the remedial action. groundwater conditions, and thorium
deposits is available from the Colorado Department of Public f:kalth and Environment,
Hazardous Materials and Waste Management Division.

-· 1.

Page A-5

:

~

~

~

~~"·~ ~·------+---------___.,~ii:";;lr.';'.:::---~-:::--:-J------..:_----------..:......:l"-----,c ..,.
.,

'""'

!
----.j.
{

i

111 •%:(IT

I, l

i
!

'

Of•N trocr1l:;.
!Of.S!rT

: IQ

i'

I

ll

:ro . u ~ : .u ! 2-c
u n•.so ,,;~

n

11

75.:ti:

ir

'3. J•

U: )C

11 •

j

r,
IS .

u

II

I

.,

----·--

~~~~

;:-;:;-

41; .u
'-·'------......;.--~....J...:~J~ot
4-1 •

"IJ

Ill

(C

(])

1"
O'l

:......

,.

~

.··

~

•l . 4] • '4 •· ($ ·: 4,

....

I
, !

l:

1

J • .. J

, !)r• ;

'

s
10

i rJ f 14 i IS
";"~··~io
tt i l? i lJ t 2C i 2:1
fl: tl

I

~CllOJC.

C·lT-19

--.o::x f.C.

t'
'1 •

l~'rt»•

1'-la'40'

c::tlO

~I

lG'..:o• ~lo 'Sn::tl

t:ltUS W IOU()rf JC1 IN CO<J((tt

CCU aut11:2.1.a O:StJ.CJ<t
1tf{!ICllCJ,ft

to4uu:TCOI CllO CD:llDJllU.fC

SCU<TrTU.l'\.ICt\OIT«i

QUO llt.o:l(.llllf

...

5

u. s.
OJN.r",QH

PflOCC"sr.c 'S11'C

Q.Jffs:CH, C:ot.Oll>OO

SOIL VER!FICAT!O« PLAH
Tll-230 CRIOS

~c.~ .--!~Tr:a-"'~ 1 rt'~tcr1cu.~'l'tA'

.

·;·~.

.. ·~

•IZllXIS

@""""-·llo.GSOl COOO>QR•r(N
OE·AC04·BJ~l8796
§.~~'------'=---F-IC_U_R_E_K_.2___

DRAFT

Appendix B
New Domestic Well Constraint Special Area-Gunnison County
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PHONE

CHIEF EXECUTIVE OFFICE!\

970,641.0248 FAX 970.641.3061
CELL 970.109,5353

November 17, 2004
Tracy Plessinger
Department of Energy
2597B %Road
Grand Junction, Colorado 81503
Dear Tracy:
Enclosed is the Resolution establishing the New Domestic Well Constraint Area
for the Dos Rios ar.ea of the County. Let me know if you need anything else. Th~s for
all your assistance with this project.
·

. Since~ely,

f!neVore,

Chief Executive Officer

200 East Virginia Avenue • Gunnison, CO 81230
Page B-1

BOARD OF COUNTY COMMISSIONERS OF GUNNISON COUNTY
RESOLUTION NO. 59, SERIES 2004
A RESOLUTION APPROVING A SPECIAL GEOGRAPHIC AREA,

THE NEW DOMESTIC WELL CONSTRAINT AREA
WHEREAS, the Gunnison County Board of Commissioners on May 25, ·2004 directed its staff
to initiate. proceedings for the creation ·of a Special Geographic Area, the ·~ew Domestic Well
Constraint Special Area". in an area south of the City of Gunnison, generally known as the Dos Rios
·area.
WHEREAS, on June 7, 2004, the request to initiate, and· proposed regulations, a report
evaluating the need for the proposed designation, and a map of the boundaries of the area, titled ''New
Domestic Well Constraint Area1' Were submitted to the Plallning Department, pursuant to the
requirements of Section 1-110, Process for Designation Special Areas, of the Gunnison County Land

Use Resolution; and,

·

WHEREAS, after a review of the -application and all information, documentation and
testimony related to it, the Gunnison County Planning Commission did~ on September -3, 2004 forward
a Recommendation of approval of that application with certain Findings. and conditions·; and
WHEREAS, having reviewed and considered the Planning Commission's recommendation,
·
the Board makes the following Findings:

1bis is an established and developed residential. area in which the uses require a potable water supply.
· That need will c~mtinue to exist for any foreseeable developm~nt in this area.

The past uranium :milling activities. in the area resulted in a plume of contaminated groundwater under
·
the area,
1. This is fil1. established and developed ·residential area in whiqh the uses require. a potable Wa.ter
supply. That need will continue to exist for any foreseeable development in this area.

2.

The past uranium· milling activities in
under the area.

the area resulted in a plume of contaminated groundwater

3. To ensure that contaminated ground water is not ·made available for domestic purposes, it is
necessary for the public health to prohibit new domestic wells, to ·ensure that development can
safely occur within the· bolindaries of the.New Domestic Well Constraint Special Area, and to
ensure that each property owner has access t~ a domestic water supply provided by the Dos Rios
Water Treatment System.
.

I

4. The boundaries of the. proposed area, are reasonably based upon scientific evidence that they
encompass the plume of contamination and· ensure protection f_or the source of potable water to the

residents within it.

·

·

Page
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5. This review and decision ineorporates, but is not limited to, all the documentation submitted to the
Col.lllty and included within the Plannirig Office file relative to this application; including the map,
report, the proposed regulations, and all other exhibits, references and documents as included
·
therein.
!
I

6. Formation of this special geographic area does not conflict with the City ofGunnison's Three Mile

Plan.

.

7. The U.S. Department of Energy and Colorado Department of Health have contemplated alternative
treatment systems, and found that the method of prohibition of new domestic wells as proposed
within this special geographic area designation is the preferred alternative. Based. upon the best
available scientific evidence provided by, and recommendations of, both these agencies, tha~ this
alternative ensures the greatest public protection and benefit to the residents within this Special
Geographic Az:ea, the Board finds this to be in the best interest of public health, safety and welfare.
8. There are no adverse impacts contemplated to result from the formation, operation and
maintenance of this special geographic area.
9. This permit is limited to the activities described within the "Project Description 11 of this application,.

and as depicted on the plans submitted as part of this ~pplication. Any uses other than thos.e will
require either an· application for amendment of this pennit, or submittal of an application for a new
permit) in compliance with applicable requirements of the Gunnison County J;,and Use Resolution.
10, This permit may be revoked or suspended if Gunnison County determines that any material fact set
forth herein or represented by the applicant was false or misleading, or that the applicant. failed to

disclose facts necessary to make any such fact not misleading.
11. The removal or material alteration of any . physical feature of the property (geological,
topographical or vegetative) ·relied on herein to mitigate a possible conflict shall require a new or
amended land use c~ge permit.
·
·
NOW, THEREFORE, BE IT RESOLVED by the Board of Counfy Commissioners of Gunnison
CG>unty. Colorado. that the New Domestic Well Constraint Area is hereby approved.·

THIS APPROVAL is effected noting that decision documentation includes, but is not limited to
the application and the entire Planning Department application file relative to this application
This approval is founded· on each individual finding and requirement. Should the applicant
successfully challenge any such finding or requirement, this .approval if null and void;
TIDS RESOLUTION AND TUE APPROVAL GRANTED HEREBY shall not be effective
unless and until a copy is recorded in the Office of the Clerk and Recorder of Gunnison County.
INTR.ODUCED by Commissioner Jim Starr , seconded by Commissioner. Perry Anderson
.
.
·
and passed on this 81h day of November , 2004.

I
I
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Dos ·Rios Water. Constraint Area Special Geographic Area Res.wpd
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Cl.O General Information
Cl.1

Introduction

This alternate concentration limit (ACL) application for the Gunnison, Colorado, Title I Uranium
Mill Tailings Radiation Control Act (UMTRCA) Processing Site proposes alternative cleanup
'standards for site groundwater. This document follows the standard ACL application format
provided in the U.S. Nuclear Regulatory Commission's (NRC) standard review plan for ACLs
(NRC 1996; Table 2). Although the NRC guidance was prepared for Title II sites, it indicates
that the same approach may be used at Title I sites, with modification to reflect the difference
between the two programs (NRC 1996). Section 1.0 of the application includes general site
information, and Section 2.0 provides the hazard assessment for the site. Section 3 .0 lists the
· factors considered in making present and potential future hazard findings (Table I ofNRC
guidance). Section 4.0 provides the corrective action assessment, and proposed ACLs are
discussed in Section 5.0. ACLs are being considered at this time because monitoring data
indicate that maximum concentration limits (MCLs) cannot be met at this site, and the current
groundwater concentrations are as low as reasonably achievable (ALARA).

Cl.2

Facility Description

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 short tons of ore with a typical uranium oxide (U30s) content of
0.14 percent (Department of Energy [DOE] 2001) were produced from the main Los Ochos area
during the life of the mines.
The Gunnison mill was constructed in 1957, mainly as a result of the high-grade ore from the
Los Ochos claims, and began production in February 1958 (Merritt 1971). 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, a wholly owned subsidiary
of Kerr-McGee Oil Industries, and operated until April 1962, when the mill closed
(FBDU 1981).
The mill produced uranium for sale to the U.S. Atomic Energy Commission and was operated
with a feed rate of 200 tons per day for its 4-year life (Merritt 1971 ). A total of 540,000 tons of
ore were processed (DOE 1984). 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 di(2-ethylhexyl) phosphoric acid (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 a pH of 2.5 to decompose
carbonates and precipitate uranium. Magnesium oxide was added to complete precipitation of the
yellow cake (Merritt 1971 ). At the end of process.ing operations, approximately 492,000 cubic
yards of mill tailings remained onsite (DOE 1984).
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By the mid-1970s, all 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. During
the 1980s, the tailings pile was contoured, covered with material excavated at the adjacent gravel
pit, and seeded with grasses in accordance with plans approved by the Colorado Department of
Public Health and Environment (CDPHE). Vegetation was well-established on the pile after a
few years of irrigation. During 1991 all structures remaining at the site were demolished and
materials were stored onsite for final disposition (DOE 1992). From 1992 to 1995_ most of the
residual radioactive material (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 2001).

Cl.3

Extent of Groundwater Contamination

See Section 2.3 of this Groundwater Compliance Action Plan(GCAP). Uranium is the only
site-related constituent for which ACLs are proposed.

Cl.4

Current Groundwater Cleanup Standards

Table C-1 lists the current groundwater standard that applies to the Gunnison site. Also provided
are the maximum concentration and associated monitoring well based on most recent (2015)
sampling data.
Table C-1. Comparison of Groundwater Standard with Recent Sampling Result
UMTRCA
Groundwater
Standard
(mg/L)

Contaminant

Maximum Observed in
Groundwater in 2015
(mg/L)

0.044

Uranium

0.7

Well with Maximum
Concentration 2015
0006

Abbreviation:
mg/L milligrams per liter

=

Cl.5

Proposed Alternate Concentration Limits

Table C-2 provides the proposed ACLs for the Gunnison site. Section 3.3 of the GCAP describes
how these proposed values were determined. Section 4.0 of the GCAP describes implementation
measures.
Table C-2. Proposed ACLs for the Gunnison Site
Contaminant

I

. Proposed ACL (mg/L)

Onsite
Uranium

I

1.43

Offsite
Uranium

I
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C2.0 Hazard Assessment
This part of the ACL application summarizes the key elements of the conceptual site model for
the Gunnison site.

C2.1

Source and Contamination Characterization

The primary source of groundwater contamination at the site was from uranium mill tailings.
Uranium mill tailings and other RRM were removed from the former mill site from 1992 through
1995 and stabilized in a disposal cell 6 miles east of the city of Gunnison. RRM beneath the site
was cleaned up to just below the water table, with some contaminated material left in place,
requiring the application of supplemental standards for thorium-230. The site was backfilled with
clean fill and revegetated after RRM removal. An investigation of subpile soils was conducted
during field activities associated with the Site Observational Work Plan (SOWP). Results
indicated uranium contamination remained in soils beneath the remediated tailings pile, with
uranium concentrations up to 86.2 milligrams per kilogram (mg/kg) compared to background
concentrations of 0.020 and 0.023 mg/kg. Column experiments on the subpile soils suggest
residual uranium in these soils may potentially be contributing to groundwater contamination
(DOE 2001).
.

C2.2

Transport Assessment

A groundwater flow and transport model was· developed to evaluate whether natural flushing
processes would reduce uranium concentrations to below the MCL within 100 years
(Appendix H; DOE 2001 ). Since uranium is the primary indicator of site-related contamination,
it was used.as the contaminant in the transport model. Two versions ·of the groundwater model
were developed.
An initial steady-state flow and transport model was developed and used as the basis for a
stochastic version of the model, which was used to quantify the uncertainty in flow and transport
parameters.
A multilayer model was used for both groundwater models; layers corresponded approximately
to the zones defined by the shallow, intermediate, and deep monitoring wells. Residual source
from subpile soil contamination was simulated in the groundwater models using a recharge
concentration from a recharge zone. Sensitivity analysis of the model indicated that the
distribution coefficient was the most sensitive parameter and that pumping and dewatering
activities from gravel-mining operations had little effect on the maximum uranium concentration
remaining after 100 years. The distribution coefficient used in the Gunnison groundwater models
was derived from laboratory testing of samples from the alluvial aquifer and was relatively high
for uranium.
The steady-state model predicted that the maximum uranium concentration in the alluvial aquifer
would decrease to below the MCL within the 100-year time frame; the stochastic model also
predicted the maximum uranium concentration would be below the MCL but that there is a
moderate probability (41 percent) that the maximum concentration will be greater than the MCL
over a small portion (approximately 40 acres) of the alluvial aquifer after 100 years. This model .
was used as the basis for selecting the former natural flushing compliance strategy.
U.S. Department of Energy
April 2017

Groundwater Compliance Action Plan - Gunnison, Colorado, Processing Site
Doc. No. S06004
Page C-3

DRAFT

Groundwater modeling indicates that uranium exceeding the MCL should not migrate beyond
the institutional control (IC) boundary. The only area that might be expected to exceed the MCL
at 100 years or more is within the boundary. However, as discussed in Section 3.1 of the GCAP,
observed concentrations at monitoring well 0113 do not match predicted concentrations.
Therefore, the validity of predicted offsite concentrations could also be questioned.
The trend analysis in the most recent verification monitoring report (DOE 2016) indicates that
farthest downgradient monitoring wells 0160 and 0161 both display upward trends for uranium
(data from 1997 to present; Figure C-1). However, all wells in the two well pairs upgradie!)t of
these monitoring wells (0188/0189 and 0183/0181) display either a downward trend or no trend.
This is an indication that concentrations are stable or declining. Based on upgradient monitoring
results, it is likely that monitoring wells 0160/0161 will level off at concentrations below the
MCL and thereby be protective of unrestricted groundwater use outside the IC boundary.
Monitoring will be conducted to determine if expected trends are realized.

Gunnison Processing Site (GUNOl)
Uranium Concentration
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Figure C-1. Time-Concentration Plots for Downgradient Monitoring Wells at the Gunnison Site

C2.3

Exposure Assessment

See Section 2.4 of the GCAP.
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C3.0 Factors Considered in Making Present and Potential
H;azard Findings
UMTRCA Title I regulations require that a number of factors be considered in evaluating the
applicability of ACLs. These regulations are found in Title 40 Code of Federal Regulations
Section 192.02 (c)(3)(ii)(B)(l) and (2) (40 CFR 192.02 [c][3][ii][B][l] and [2]). These factors
differ slightly from those provided in the NRC Title II guidance (NRC 1996) and include an
additional factor for the groundwater-quality evaluation. A discussion of these factors as they
relate to the Gunnison processing site is provided in this section.

C3.1

Potential Adverse Effects on Groundwater Quality

The physical and chemical characteristics of constituents in the residual radioactive
material at the site; including their potential for migration

The majority of the residual radioactive materials formerly located at the site were removed and
transported to a disposal cell 6 miles east of the city of Gunnison . The main site-related
constituent in groundwater is uranium. Some residual uranium remains in site _soils at levels that
may continue to contribute to groundwater contamination. Uranium is a relatively mobile
constituent, and concentrations above the MCLhave been observed 4500 feet (ft) downgradient
of the former mill-site boundary. C~ncentrations below the standard, but above background,
have been observed more than 7000 ft downgradient of the former mili-site boundary.
Concentrations of uranium at most monitoring.wells appear to be decreasing or leveling off. The
current plume (DOE 2016) appears smaller c_ompared to characterization data presented in the
· baseline risk assessment (BLRA) (DOE 1996a). Plume contours have remained essentially the
same over the last 10 years or so of monitoring, with concentration above the standard confined
to the immediate vicinity of the site and one isolated downgradient location (DOE 2016).
1

The hydrogeological characteristics of the site and surrounding land

Groundwater occurs in unconfined conditions in the alluvial aquifer beneath the Gunnison site.
Depth to groundwater ranges from 2 to 11 feet, and groundwater elevations generally peak in the
spring and summer months and may fluctuate more than 10 feet over the course of a year. The
alluvium is composed of poorly sorted sediments ranging from clay-sized material to gravel,
with cobbles and a few boulders. It ranges in thickness from 70 to 130 ft. Groundwater in the
alluvial aquifer generally flows to the southwest, with an average gradient of 0.005 ft/ft.
Hydraulic conductivity ranges from 100 to 170 ft/day~ On the basis of the gradient and an
estimated effective porosity of 0.27, the average linear groundwater velocity ranges from 1.9 to
3.2 ft/day (DOE 2001).
Groundwater in the alluvial aquifer system is recharged by groundwater underflow, adjacent
streams, precipitation, flood irrigation of the pasture downgradient of the site, and irrigation of
the golf course and residential areas southwest of the site. Irrigation water is drawn
predominantly from Tomichi Creek and the Gunnison River, though some domestic wells may
tap groundwater for this use. Groundwater loss is through evapotranspiration and natural
discharge to adjacent streams . Groundwater loss is also through dewatering activities at the
adjacent sand-and-gravel company located south of the former mill site.

U.S. Department of Energy
April 2017

Groundwater Compliance Action Plan - Gunnison, Colorado, Processing Site

.

~~~S~M

Page C-5

DRAFT
Vertical gradients in the alluvial aquifer are generally downward and are caused by flood
irrigation of the pasture just southwest of the former mill site. The vertical gradient causes
site-related contamination to migrate deeper into the alluvial aquifer as it progresses
downgradient.
The quantity of contaminated groundwater and the direction of groundwater flow
Groundwater flow from the site is downward and to the southwest. The volume of contaminated
groundwater at the Gunnison site was estimated to be approximately 1. 9 billion gallons i~ 1996
(DOE 1996b). At that time, as at present, uranium concentrations exceeded the UMTRCA
standard of 0.044 milligrams per liter (mg/L) from the mill site to as far downgradient as
monitoring well 0183. However, historical plume maps indicate that concentrations above the
standard were found along the entire length of the plume. Today, monitoring wells between the
site boundary (represented by monitoring well 0113) and downgradient monit~ring well 0183 ·are
all less than the groundwater standard. Although there is considerable uncertainty regarding the
distribution of uranium throughout the aquifer, it appears that the plume has been reduced in area
by more than half, as defined by the UMTRCA uranium standard.
1

(

The proximity and withdrawal rates of groundwater users
Several domestic wells are located downgradient of the site west of the Gunnison River. The
closest domestic well is approximately 3800 ft from the fonrier mill-site boundary. Accurate
withdrawal rates from these wells are not known, but they are assumed to be commensurate
with normal domestic use (around 400 gallons per day for a family of four, according to the
U.S. Environmental Protection Agency [EPA] at
https://www3 .epa. gov/watersense/pubs/indoor.html ).
The current and future uses of groundwater in the region surrounding the site
The alluvial aquifer up gradient of the site is a specified area for the Gunnison well field. All
confined and unconfined groundwater in the specified area is ·classified as "Domestic
Use-Quality" and "Agricultural Use-Quality" in Volume 5 Code of Colorado Regulations
Regulation 1002-42 (5 CCR 1002-42). Groundwater from this area flows toward the Gunnison
site. Public water supply wells are located in this area and are outside the influence of site-related
.contamination.·
There is no current use of alluvial groundwater from beneath the former processing site. The City
of Gunnison obtains potable water from nine wells in the alluvial aquifer east of the Gunnison
River from 0.5 to 1.5 miles north (upgradient) of the Gunnison processing site. A gravel mining
operation located directly south of the site, pumps substantial amounts of groundwater during its
excavation dewatering operations from May through August. The water is discharged into ponds
at the south .edge of their property.
Historically, groundwater from the shallow alluvial aquifer downgradient from the former
processing site·between the Gunn.ison River and Tomichi Creek was the principal s'ource of
drinking, irrigation, and livestock water in the area. Residents in the Dos Rios subdivision and
local businesses obtained groundwater from domestic wells that were completed generally less
than 30 ft in depth in the alluvial aquifer. However, results of groundwater sampling
downgradient from the former processing site during July through October 1990 indicated that
Groundwater Compliance Action Plan - Gunnison, Colorado, Processing Site
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22 domestic wells contained concentrations ofuranium in 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. Between
1992 and 1994, a new water supply system was installed to service the area.
Existing domestic wells in most of the area downgradient from the processing site are no longer
used as a source of drinking water, though many are used for irrigation. According to the director
of the Gunnison County Public Works Department (2015), only six residences are not hooked up
to the system and still use groundwater from domestic wells in the shallow alluvial aquifer for
drinking water. They are located northwest of the Gunnison River in an area where shallow
alluvial groundwater has not been, and is not expected to be, impacted by site-related
contamination. DOE monitors five "buffer zone" domestic wells closest to the site to ascertain
that there is no potential risk to human health resulting from site-related contamination in
groundwater. These domestic wells have been monitored by DOE since the early 1990s, and
concentrations of uranium have generally been less than 0.005 mg/L.
The existing quality of groundwater, including other sources of contamination and their
cumulative impact on groundwater quality

Most groundwater contamination is confined to the mill site and immediate downgradient
locations. The main constituent of concern is uranium. Historical concentrations have been as
high as 1.6 mg/L, with concentrations above the UMTRCA standard extending several thousand
feet downgradient of the site. Since that time, uranium concentrations have attenuated
significantly. The highest onsite concentration obtained from the most recent sampling event was
0. 7 mg/L. Only one monitoring well beyond the immediate site vicinity has uranium elevated
above the UMTRCA groundwater standard.
To assess groundwater quality and ensure protection ofhuman health and the environment, DOE
has monitored five domestic wells in the Dos Rios buffer zone area since 1990 (DOE 1995). The
buffer zone well network consists of domestic wells 04 76, 04 77, 04 78, 0667, and 0683. Analytes
evaluated include uranium and manganese in all of the wells. The UMTRAProject MCL for
uranium is 0.044 milligrams per liter (mg/L) and mean background for uranium in alluvial
groundwater upgradient from the site is 0.003 mg/L. The action level established for uranium is
0.020 mg/L for the domestic buffer zone wells. The drinking water equivalent level of 1.6 mg/L
for manganese will be used as the action level for that constituent.
Results of the buffer zone sampling since 1990 have shown concentrations of uranium
consistently below the action level. There have been no notable uranium trends or variations that
would suggest the potenti~l for significant changes in the groundwater quality that could impact
human health or the environment. Manganese concentrations in most domestic wells have been
below the drinking water equivalent level. However, the highest concentration well has shown an
increase in manganese concentration since 2007 from about 0.38 to 1.1 mg/L (above the
Colorado drinking water standard). There are signs that concentrations in this domestic well may
have leveled off, as the results for the last few years have been fairly steady at around 1 mg/L.
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The potential for health risks caused by human exposure to constituents
The BLRA for the site evaluated potential risks associated with the use of groundwater for
irrigation of garden produce and watering of cattle. Ingestion of resulting produce, meat, and
milk would result iri no unacceptable risks. Current contaminant concentrations are much lower
than those used in that evaluation. Domestic wells downgradient of the site have generally had
uranium concentrations lower than EPA's risk-based concentration for tap water of 0.06 mg/L;
manganese concentrations are within the range of background. Use of domestic wells for
irrigation or livestock watering could result in incidental exposures to groundwater. Risks from
minor groundwater ingestion and dermal exposure would be negligible.
The potential damage to wildlife, crops, vegetation, and physical structures caused by
·
exposure to constituents
Use of offsite groundwater is permitted for irrigation and livestock watering. The water quality is
suitable for this purpose on the basis of the evaluation presented in the BLRA (DOE l 996a).
Recent sampling results indicate that groundwater downgradient of the site met both the
risk-based value for uranium in tap water (0.06 mg/L) and a safe value.for livestock watering
(0.57 mg/L). Exposure to contaminated groundwater will not adversely affect wildlife, crops,
vegetation, or physical structures.
The persistence and permanence of the potential adverse effects
It is likely that groundwater in the vicinity of the site will remain contaminated for an extended
period and will not be suitable for human consumption. The use of ACLs as part of the site
compliance strategy will require long-term I Cs to prevent the use of this groundwater for
drinking water purposes.

The presence of underground sources of drinking water and exempted aquifers identified
under Section 144.7 of 5CCR1002-4~
The alluvial aquifer is an underground source of drinking water both upgradient and
downgradient of the site. The mill site is located just outside (downgr_adient of) the specified area
for the Gunnison Wellfield (5 CCR 1002-42), where water quality is designated for domestic and
agricultural uses. Public water supply wells are located in this area and are outside the influence
of site-related contamination. Domestic wells are located downgradient of the site in the buffer
zone and farther downgradient areas west of the Gunnison River. There are no known exempted
aquifers near the site.

C3.2

Potential Adverse Effects on Hydraulically Connected Surface
Water Quality

The volume and physical and chemical·characteristics of the residual radioactive material
at the site
The majority of the residual radioactive materials formerly at the site were removed and disposed
of offsite. The main site-related constituent in groundwater is uranium. Some residual uranium
remains in site soils at levels that may continue to contribute to groundwater contamination.
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Uranium is a relatively mobile constituent, and concentrations above-the standard have been
observed 4500 ft downgradient of the site boundary. Concentrations pelow the standard, but
above background, have been observed even farther downgradient: Concentrations of uranium at
most monitoring wells appear to be decreasing or leveling off. The plume appears to have shrunk
· by about half compared to characterization data presented in the BLRA (Dq.E 1996a). More
recently, the plume appears to be stable. Plume contours have remained essentially the same over
the last 10 years or so of monitoring, with highest concentrations confined to the immediate
vicinity of the site and one isol~ted downgradient location" that is elevated above the standard.
Groundwater discharges to the surface at gravel pits located south of the site, in Tomichi Creek,
and the Gunnison River.
The hydrogeological characteristics of the site and surrounding land

Groundwater occurs in unconfined conditions in the alluvial_aquifer beneath the ·Gunnison site.
Depth to groundwater ranges from 2 to 11 feet, and groundwater elevations generally peak in the ·
spring and sllinmer months and may fluctuate more than 10 feet over the course of a year. The
alluvium is composed of poorly sorted sediments ranging from clay-sized material to gravel,
with cobbles and few boulders. It ranges in thickness fropl 70 to 130 feet (ft). Groundwater in
the ailuvial aquifer generally flows to the southwest with an average gradient of 0.005 ft/ft.
Hydraulic conductivity ranges from 100 to 170 ft/day. On the basis of the gradient and an
estimated effective porosity of 0.27, the average linear groundwater velocity ranges from 1.9 to
3.2 ft/day.

a

Groundwater in ~he alluvial aquifer system is recharged by groundwater underflow, adjacent
streams, precipitation, flood irrigation of the pasture downgradient of the site, 'and irrigation of the golf course and residential areas ~outhw~st of the site. Irrigation water is drawn
predominantly from Tomichi Creek and the Gunnison River, though some domestic wells may·
tap groundwater for this use. Groundwater loss is through evapotranspiration and natural
discharge to adjacent streams. Groundwater loss is also through dewatering activities at the
adjacent sand-and-gravel company located south of the former mill site.
Vertical gradients in the alluvial aquifer are generally downward and are caused by flood
irrigation of the pasture just southw~st of the former mill site. The vertical gradient causes
site-related contamination to migrate deeper into the alluvial aquifer as it progresses
downgradient.
Groundwater in the vicinity of the site discharges to the Valeo pond, located south of the site,
which is the result of a gravel mining operation. Grc;mndwater also discharges to Tomichi Creek,
located south of the site, and to the Gunnison River, located west of the site. The groundwater·
surface elevation and streamflow data suggest that the high groundwater 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. Discharge from the shallow zone (less than 20 ft
below ground surface) of the alluvial aquifer is to the Gunnison River.and Tomichi Creek at
various times of the year (winter, early spring), while surface water recharges the alluvial system '
at high water stages during spring runoff (late spring, early summer).
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The quantity and quality. of groundwater and the direction of groundwater flow

The alluvial aquifer in and around the site contains a large quantity of groundwater that is
generally 9f good quality. The aquifer ranges up to about 130 ft in thickness (DOE 2001 ). The
alluvial aquifer up gradient of the site is a specified area for the Gunnison well field. All confined
and unconfined groundwater in the specified area is classified as "Domestic Use-Quality" and
"Agricultural Use-Quality" in 5 CCR 1002-42. Groundwater from this area flows toward the
Gunnison site. Groundwater flow from the site is generally to the west-southwest. In the vicinity
of the site, groundwater has elevated concentrations of uranium due to site-related activities.
Uranium is locally elevated above background in areas nearly a mile downgradient of the site.
There is some evidence both regionally and locally that natural levels of manganese exceed the
secondary drinking water standard. Water downgradient of the site and outside the influence of
site-related contamination is used for domestic purposes.
·
The patterns of rainfall in the region

Gunnison receives an average annual precipitation of 10.3 inches (maximum precipitation in
July and August) and an annual average snowfall of approximately 50 inches
(http://www.wrcc.dri.edu/summary/Climsmco.html). Thunderstorms are common during the
summer and can result in a considerable amount of precipitation falling in short-duration events.
The proximity of the site to surface waters

A gravel operation adjacent to the site on the south has.resulted in gravel-pit ponds that have
received contaminated groundwater (the edge of the Closest pond is just over-500 ft from the
southern boundary of the site). Tomichi Creek forms the southern border of the gravel
operation about 2500.ft from the mill site boundary. The creek flows westward and joins the
Gunnison River. The Gunnison River flows from northeast to southwest to the west
(downgradient) of the site (about 3500 ft from the site boundary). Depending on the time of year,
groundwater can discharge to both Tomichi Creek and the Gunnison River. .
The current and future uses of surface waters in the. region surrounding the site and any
water-quality standards established for those surface waters

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 the site irrigates
·
properties using water from the Gunnison River.
The water supply system installed as a result of site-related contamination was constructed
from 1992 to 1994. Water is taken from the west side of the Gunnison River just south of
U.S. Highway 50 into the 350 gallon per minute water treatment plant and then stored in a·
250,000 gallon water storage tank located just north of U.S. Highway 50. As of 1991 (when the
SO WP was completed), there were 231 hookups to the water system, including 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.
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Surface water in Tomichi Creek and the Gunnison River is designated for four uses: agriculture,
aquatic life (cold), recreation, and water supply. Surface water quality standards have been
established for these uses in Volume 5 Code of Colorado Regulations Regulation 1002-35
(5 CCR 1002-35). The uranium standard adopted by the State of Colorado for surface water with
a water supply designation is 40 picocuries (pCi)/L (or natural background where higher). With a
conseryativ.e conversion factor of 0.67 pCi per microgram (µg), this is approximately equal to
about 60 µg/L, which is twice the primary drinking water standard of 30 µg/L.

The existing quality of surface water, including other sources of contamination, and the
cumulative Impact on surface water quality
The ambient water quality ofTomichi Creek and the Gunnison River in the site vicinity is
generally good. According to the Colorado 2016 Integrated Water Quality Monitoring and
Assessment Report (CDPHE 2016), the segment of the Gunnison River that includes the site
vicinity attains standards for all applicable uses. The segment of Tomi chi Creek that includes the
site area fully supports most applicabie uses, including use as a water supply. However, it is
categorized as being impaired for aquatic life based on macroinvertebrate community survey
results; the cause of the impairment is unknown. (The site area makes up a small and farthest
downstream portion of the more than 10-rnile long impaired stream segment.)
Surface water sampling has been conducted by DOE at a number of locations to characterize
site-specific conditions. Evidence of site-related contamination is evident in sampling results
from the gravel pond south of the site. Concentrations of uranium at this location have exceeded
the UMTRCA groundwater standard. A sampling location in Tomichi Creek downstream of the
site has had levels of uranium about an order of magnitude lower than the gravel pond but higher
than background groundwater quality (no background locations were sampled in Tomichi
Creek). No evidence of site-related contamination is observed in Gunnison River samples.

The potential damage to wildlife, crops, vegetation, and physical structures caused by
exposure to constituents
Although uranium concentrations that may be attributable to site-related contamination are
observed in surface water, concentrations are still fairly low. They are below surface water
standards for both aquatic life and water supply designations. Use of surface water for any
purpose is not expected to cause any damage to wildlife, crops, vegetation, or physical structures
due to exposure of site-related constituents.

The persistence and permanence of potential adverse effects
Groundwater contamination is expected to persist, but surface water concentrations are
anticipated to remain low. No adverse effects are_ expected at present or into the future.
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C4.0 Corrective Action Assessment
C4.1

Results of Correctiv~ Action Program

Corrective action consisted of source removal. This along with natural attenuation processes has
resulted in the reduction of the areal extent of the uranium plume by about one-half or more. A
water supply system was installed to address potential health threats to former groundwater users
in: the area. According to the environmental assessment (DOE 1991 ), construction of the water
supply system was considered to be the permanent solution for dealing with site-related
contamination. Other alternatives were evaluated and rejected at that time.

C4.2

Feasibility of Alternate Corrective Actions

Based on DOE's experience at numerous other sites with uranium contamination, it is unlikely
that any alternative would achieve MCLs at the site. Various studies of other alluvial aquifer
systems have demonstrated that secondary uranium sources, such as residual subpile soil zones,
can serve as long-lived contaminant sources. When surrounding groundwater uranium
concentrations drop to a certain level (often around 0.1 mg/L) these uranium reservoirs begin to
release uranium to the groundwater, preventing further reductions in aquifer concentrations.
Column tests on subpile soil materials for the Gunnison site indicate that thes~ areas can function
as continued source areas for prolonged periods (i.e., many pore volumes of wate.r can move
through these areas with negligible changes in groundwater concentration).

C4.3

Corrective Action Costs

On the basis of an evaluation for the Tuba City UMTRCA Title I site, total capital expenses
to construct a variety of different groundwater recovery and treatment systems ranged from
approximately $2 million to $9.5 million. Costs to operate the existing treatment plant at that
site were approximately $1.1 million per year. An alternate water supply system has already
been constructed to serve users near the Gunnison site. The total cost of the system was
$6.8 million and was funded by })OE, CDPHE, the Colorado Department of Local Affairs,
and Gunnison County (CDPHE 1995).

C4.4

Corrective Action Benefits

At the Tuba City site, groundwater_ removal and treatment have been ongoing for a number of
years. The plant operated continuously for approximately 8 years and intermittently for another
3 years. No significant reductions in uranium concentrations have been achieved. Based on this
experience, it is unlikely that corrective action at the Gunnison site could achieve levels that
would allow for beneficial use of mill site water. It is permissible to use groundwater for
irrigation and uses other than drinking water, and water quality is currently acceptable for these
purposes. However, surface water from the Gunnison River and Tomichi Creek are the.main
sources of irrigation water in the area. Site-related contamination is not anticipated to affect
current groundwater users downgradient of the site, as domestic wells are shallow; in the
unlikely event that it does, a water supply system is in place that can serve these users. Therefore
the benefits of constructing and operating a system to extract and treat groundwater would be
quite limited.
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C4.5

ALARA Demonstration

Because of the high uranium concentrations observed in onsite groundwater in the past and the
residual uranium that remains in site soils, elevated levels of uranium are likely to persist for the
foreseeable future. Most contamination is confined to the site, which is owned by the local
government. The quitclaim deed for the site requires that the site remain in government
ownership and that groundwater at this site is not used for any purpose. The plume appears to be
stable or shrinking. Given current and likely site uses and the available supply of water, ALARA
concentrations have been achieved in groundwater. Only one monitoring well downgradient of
the immediate site vicinity has uranium concentrations above the MCL.

C5.0 Proposed Alternate Concentration Limits
C5.1 .Proposed Alternate Concentration Limits
See Section 3 .3 of the GCAP.

C5.2

Proposed Implementation Measures

See Section 4.0 of the GCAP for implementation measures.
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