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Executive Summary

This report presents the results of recent and historical seep monitoring at the Mexican Hat,
Utah, Uranium Mill Tailings Radiation Control Act (UMTRCA) Title I Disposal Site and
evaluates the need for continued seep monitoring. In accordance with the U.S. Department of
Energy (DOE) Long-Term Surveillance Plan (LTSP) and draft Groundwater Compliance Action
Plan for the site, a combination of observational seep monitoring and intermittent water quality
monitoring has been performed at the site as a best management practice since 1998.

The 119-acre Mexican Hat disposal site is located on the Navajo Reservation in southeast Utah
approximately 1.5 miles southwest of the town of Mexican Hat, Utah, and 1 mile south of the
deeply entrenched San Juan River. Surface drainage from the site and surrounding area flows
into two ephemeral drainages (the North Arroyo and South Arroyo) that discharge to Gypsum
Creek and then to the San Juan River.

Uranium processing was conducted at the former mill that operated at the site from 1957 until
1965. Additionally, a sulfuric acid manufacturing plant operated at the site from 1957 to 1970.
The milling process produced radioactive tailings that were mixed with process water and
pumped through a pipeline to two onsite tailings piles. DOE completed surface remediation at
the former milling site and construction of the 68-acre disposal cell was completed in 1995.

The site is underlain by the Halgaito Formation, a low permeability formation composed
primarily of interbedded siltstones, sandstones, mudstones, shales, and limestones. The Halgaito
is subdivided into two units: an unsaturated upper unit and a saturated lower unit. Groundwater
in the upper Halgaito unit is contaminated from former onsite uranium processing operations.
However, the upper Halgaito unit is unsaturated except for limited areas of perched water that do
not provide sustainable yield and, therefore, it is not considered an aquifer. The lower unit of the
Halgaito Formation, classified as the uppermost aquifer beneath the site, is isolated from
contaminated groundwater in the upper unit by thin lenticular to continuous limestone beds that
limit downward water movement. An upward hydraulic gradient in the lower unit also impedes
the downward migration of contaminated groundwater perched in the upper unit from entering
the uncontaminated lower Halgaito unit. As a result, the uppermost aquifer beneath the site was
not contaminated by uranium processing operations or by surface remedial actions. Although the
upper Halgaito unit is primarily unsaturated, zones of perched water developed during milling
operations and later by dewatering of the tailings placed in the disposal cell. The perched water
zones have dissipated as the water migrates laterally along bedding planes and fractures,
presumably feeding seeps in the adjacent arroyos and Gypsum Creek. Observable flow at the
seeps has progressively decreased throughout the extent of visual observational seep monitoring
to the point where one seep, which is located crossgradient to the east of the disposal cell,
continues to exhibit minor visible seepage. An upgradient, background seep exhibited flowing
conditions during the 2018 inspection. With the exception of the aforementioned seeps, no other
visually monitored seeps have exhibited evidence of seepage during inspections since at least
2010, and no seeps have exhibited steady flow during inspections since at least 2005.

The 2006 Resolution of Seep and Ground Water Monitoring at the Mexican Hat, Utah,
UMTRCA Title I Disposal Site report resulted in concurrence among the U.S. Nuclear
Regulatory Commission, DOE, and the Navajo Nation that seep and groundwater water quality
monitoring at the site was not warranted and all groundwater monitoring wells at the site were

U.S. Department of Energy Seep Monitoring Evaluation Report Mexican Hat, Utah, UMTRCA Title I Disposal Site
January 2019 Doc. No. S15190
Page v



DRAFT

abandoned in 2007. Additionally, it was agreed that the utility of collecting water quality
samples at seeps would be reevaluated if observed seep flow returned to previously observed
conditions. However, in accordance with the 2007 LTSP, seven seep locations were designated
for visual observational monitoring during annual site inspections for a minimum 10-year period.

The 2007 LTSP required annual visual observations of the seven designated seep locations
through 2016, at which time an evaluation was to be conducted to determine whether to continue
or discontinue visual seep monitoring; this report constitutes that evaluation. Additionally,
observational seep monitoring was performed during the 2017 annual inspection in April 2017
and subsequently in September 2017 to obtain supporting information related to potential
seasonal variability. No major changes were observed and all seep locations remained dry except
for the crossgradient seep that has consistently exhibited minor visible seepage.

In 2015, the Navajo Nation requested sampling of the crossgradient seep due to increased
precipitation in the area. To address this request, water quality samples were collected from the
seep as well as from a combination of upstream and downstream Gypsum Creek surface water
locations relative to the seep in September 2015, March 2016, and October 2016. Increased flow
relative to previous visual observations was not apparent at the seep location. Water quality
samples were analyzed for potential contaminants of concern (PCOCs) at the site, including
nitrate, sulfate, and uranium. Uranium isotope analyses were also performed in an attempt to
identify if uranium concentrations were mill-related or naturally occurring. Isotopic analyses
were inconclusive, but indicated a potential mix of both mill-related and naturally

occurring uranium.

The seep and surface water samples collected in 2015 and 2016 provide supporting evidence that
PCOC concentrations have not increased at the sampled locations as a result of decreased
groundwater discharges at the visually monitored seep locations. Nitrate, sulfate, and uranium
concentrations at the sampled seep were at the lower end of the historical ranges and did not
indicate any substantial changes from historical water quality results at this location. Although
PCOC concentrations are above their respective UMTRCA maximum concentration limits, all
recent sample locations, including the one sampled seep, were below the Navajo Nation surface
water quality standards for Gypsum Creek.

The seeps, both currently and historically (i.e., when they were flowing), do not provide
sufficient volume to present a significant risk to human health and the environment. The source
of the perched water was primarily related to milling and remediation activities at the site. Since
the construction of the disposal cell, the source of the perched water has been reduced and the
perched zones that feed the seeps have been dissipating. This is evidenced by the fact that
observable flow at the seeps has progressively decreased over time to the point where one seep,
which is located crossgradient to the east of the disposal cell, continues to exhibit minor visible
seepage. An upgradient, background seep exhibited flowing conditions during the 2018
inspection. No other visually monitored seeps have exhibited evidence of seepage during
inspections since at least 2010, and no seeps have exhibited steady flow during inspections since
at least 2005. Additionally, the remote location of these seeps and minimal grazing in the area
also greatly reduce the likelihood of any significant human health risks associated with the seep
water. The potential ecological risks to wildlife through ingestion of contaminated seep water are
negligible, in part, because of the limited observed seepage and availability of other nearby water
sources. Finally, groundwater in the vicinity of the Mexican Hat site is not currently used as a

U.S. Department of Energy Seep Monitoring Evaluation Report Mexican Hat, Utah, UMTRCA Title I Disposal Site
January 2019 Doc. No. 515190
Page vi



DRAFT

drinking water source, nor is it anticipated to become one; nearby communities draw their water
from the San Juan River. Analytical results of historical water quality samples provide
supporting evidence that the Mexican Hat site does not negatively impact the quality of water in
the San Juan River.

Given that the seeps are nearly all dry and that there are no significant human or environmental
health risks associated with the seeps, there is no need to resume water quality monitoring at the
site. Visual observations, photographs, and qualitative flow estimates will continue to be made
during annual site inspections to document seep conditions; the need to continue long-term
visual monitoring of the seeps may be revisited in the future. The upgradient, background seep is
proposed to be removed from the annual visual monitoring program. The utility of collecting
water quality samples at groundwater seeps may be reevaluated if observed seep flows
appreciably increase in the future.
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1.0 Introduction

This report presents the results of recent and historical seep monitoring at the Mexican Hat,
Utah, Uranium Mill Tailings Radiation Control Act (UMTRCA) Title I Disposal Site and
evaluates the need for continued seep monitoring. In accordance with the U.S. Department of
Energy (DOE) Long-Term Surveillance Plan (LTSP) and draft Groundwater Compliance Action
Plan for the site, seep monitoring has been performed at the site as a best management practice
since 1998. In accordance with the LTSP (DOE 2007), observational monitoring of seven
designated seeps is conducted during annual site inspections. Observational seep monitoring
continued through the 2017 annual site inspection. Seep 0248 was sampled in 2015 and 2016 at
the request of the Navajo Nation due to increased precipitation in the area. Evaluation of the
sample results are provided in this seep evaluation report.

2.0  Site Description

2.1 Site Location and History

The Mexican Hat disposal site is located on the Navajo Reservation in southeast Utah. The
68-acre disposal cell is located on the approximately 119-acre disposal site. The site is held in
trust by the United States for the U.S. Bureau of Indian Affairs; the Navajo Nation retains title to
the land.

The site is located in San Juan County, Utah, in Sections 13 and 24, Township 42 South,
Range 18 East, and in Sections 18 and 19, Township 42 South, Range 19 East, Salt Lake
Principal Meridian. The disposal site is located approximately 1.5 miles southwest of the town
of Mexican Hat, Utah, and 1 mile south of the San Juan River (see Figure 1 and Figure 2). The
small Navajo community of Halchita is approximately 0.5 mile southwest of the site.

Uranium processing was conducted at the former mill (Figure 2) that operated at the site from
1957 until 1965. Texas-Zinc Minerals Corporation constructed the Mexican Hat Mill on land
leased from the Navajo Nation and operated the facility from 1957 to 1963. In 1963, Atlas
Corporation purchased the mill and operated it until it closed in 1965. A sulfuric acid
manufacturing plant operated at the site from 1957 to 1970; Atlas continued operating the
sulfuric acid manufacturing plant at the site until the lease expired in 1970 and control of the site
reverted to the Navajo Nation.

Ore brought to the mill contained a considerable amount of copper sulfide and other sulfide
minerals and was processed to recover both copper and uranium. The milling process produced
radioactive tailings, a predominantly sandy material. Spent tailings were mixed with process
water and pumped through a pipeline to two onsite tailings piles: the former lower tailings pile
and the former upper tailings pile (see Figure 2).

DOE remediated the site under the Uranium Mill Tailings Remedial Action (UMTRA) Project.

Surface remediation and construction of the disposal cell was completed at the site in 1995. The
pentagonal-shaped disposal cell was constructed at the location of the preexisting former lower

tailings pile (see Figure 2).
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Radioactive materials from the former upper tailings pile, demolished mill structures, and

11 vicinity properties were relocated and placed on top of the preexisting tailings at the location
of the former lower tailings pile. An additional 983,000 cubic yards (1.3 million dry tons) of
tailings and associated wastes were subsequently hauled from the Monument Valley, Arizona,
UMTRCA Title I Processing Site (located approximately 15 miles south of the Mexican Hat site)
and placed on top of the contaminated materials from the Mexican Hat site. A total of
approximately 3.6 million cubic yards (4.4 million dry tons) of radioactive tailings and other
residual radioactive materials (RRM) were ultimately encapsulated in the Mexican Hat disposal
cell (MK-F 1997). The U.S. Nuclear Regulatory Commission (NRC) concurred with the
remediation and compliance with both Subparts A and B of Title 40 Code of Federal
Regulations Section 192 (40 CFR 192) in its final technical evaluation report (NRC 1996).

2.2 Site Setting

The site is on a relatively flat mesa within the Colorado Plateau physiographic province at an
elevation of approximately 4300 feet. The deeply entrenched San Juan River is located
approximately 1 mile to the northeast. Surface drainage from the site and surrounding area is into
two ephemeral drainages (the North Arroyo and South Arroyo) that discharge to Gypsum Creek
and then to the San Juan River (see Figure 2). These drainages are narrow and deeply incised.
Several low-flowing groundwater seeps have been found discharging historically within Gypsum
Creek and the two arroyos. Since 2010, one seep has exhibited groundwater discharge as
indicated by minor visible seepage with the exception of an upgradient, background seep that
exhibited flowing conditions during the 2018 inspection. The terrain west of the site is similar to
terrain to the north and east. A ridge that extends approximately 100 feet above the site bounds
the site on the south.

The climate is arid with widely ranging daily and annual temperatures (<20° to >100 °F).
Significant prevailing winds occur from the southwest. Precipitation averages approximately

6 inches per year and is fairly evenly distributed throughout the year. The native area is sparsely
vegetated by desert shrubs and grasses. The surrounding area is used for limited residential
purposes and livestock grazing.

2.3 Site Conceptual Model

The site is underlain by the Halgaito Formation, a low permeability formation composed
primarily of interbedded siltstones, sandstones, mudstones, shales, and limestones. The Halgaito
is subdivided into two units: an unsaturated upper unit that is separated from the saturated lower
unit by limestone lenses that act as a confining unit.

Although the upper Halgaito unit is primarily unsaturated, zones of perched water developed
during milling operations and later by dewatering of the tailings placed in the disposal cell. The
perched water zones have dissipated as the water migrates laterally along bedding planes and
fractures, presumably feeding seeps in the adjacent arroyos and Gypsum Creek. Since the site
was remediated in the mid-1990s, flow at the seeps has progressively decreased over time to the
point where all but one seep (Seep 0248) is now dry; with the exception of upgradient
(background) Seep 0261, no seeps have exhibited flowing conditions since at least 2005. The
decreased flow at the seeps is likely attributable to the gradual dewatering of the zones of
perched water that remained after milling and remediation activities. Seep 0248 has exhibited
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minor visible seepage, but has typically been sufficient for collecting water quality samples. The
arid environment limits natural recharge to the upper unit and is insufficient to maintain the areas
of perched water. Additionally, the large area covered by the disposal cell reduces the area
available for infiltration that could replenish the perched water.

The seep elevations are 100 feet or more above the potentiometric surface of the saturated lower

unit. A geologic site map with approximate seep elevations (based on topographic map contours)
is shown with potentiometric contours (based on water elevations in former onsite wells) for the

saturated lower unit for comparison (Figure 3). Cross sections (Figure 4) schematically show the
relationship of perched water zones, seeps, and the saturated lower unit.

The saturated lower unit is recharged primarily by lateral flow from higher areas to the west and
southwest where the unit outcrops and by upward flow from underlying units. Discharge is to the
San Juan River. Regional information and empirical site data provide supporting evidence that
the lower unit is hydraulically isolated from the upper unit and has been unaffected by
contamination present in the upper unit (DOE 1998; DOE 2006).
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2.4 Disposal Cell Design

The Mexican Hat disposal cell was designed to encapsulate radioactive tailings and other RRM
in a way that minimizes the need for active maintenance and limits radon gas emanation in
accordance with UMTRCA. Additionally, the disposal cell was designed to minimize meteoric
water infiltration. Radioactive tailings and other RRM were compacted prior to being covered
with a multicomponent system to encapsulate the tailings materials. The multicomponent cover
comprises (1) a low-permeability radon barrier (first layer placed over compacted tailings),

(2) followed by a bedding layer of sand and gravel placed as a capillary break, and (3) a rock
riprap final erosion protection layer placed over the bedding layer (Figure 5). The cell design
promotes rapid runoff of precipitation to minimize leachate. The top of the disposal cell was
constructed with a 2% grade sloping in a north to northwesterly direction. Runoff water flows
down the 20% side slopes into the surrounding rock apron and exits the cell via three toe drains
to arroyos north and east of the cell.

12-INCH-THICK SIDE
SLOPE RIPRAP LAYER

8-INCH-THICK TOP
SLOPE RIPRAP LAYER
VERTICAL EXAGGERATION
6-INCH-THICK
BEDDING LAYER NOT TO SCALE

24-INCH-THICK ORIGINAL
LOW-PERMEABILITY GROUND

N RADON BARRIER OP OF § IZED SURFACE S
o SLoPE MATERIV TAILINGS PILE S
/ = A\
il . 4\~— \

CONTAMINATED

MATERIALS
[ 1,400 FEET |

\\LM\ESS\ENVPROJECTS\EBM\LTS\111\0014\08\000\ 516856 \S1685600.DWG__August 30. 2017 nittlerb

Figure 5. Typical North-South Cross Section of the Mexican Hat Disposal Cell

The site location and design were selected to minimize the potential for erosion from onsite
runoff or storm water flow. All surrounding remediated areas were regraded and reseeded with
native plant species. Existing gullies in the vicinity of the cell were armored with riprap that was
keyed into competent rock to control erosion. Riprap-protected diversion ditches were installed
to channel surface runoff water away from the disposal cell.

2.5 Hydrogeological Conditions

The geologic unit exposed at ground surface is the Halgaito Formation, which is the basal part of
the Permian Cutler Group. The Halgaito consists primarily of interbedded silty sandstone,
siltstone, and shale. The unit is approximately 80 to 215 feet thick in the vicinity of the site. The
Halgaito is divided into upper and lower units.

Because of the fine-grained nature of the sediments and the presence of intergranular calcium
and silica cement, the upper unit of the Halgaito Formation exhibits very little primary
permeability. Accordingly, the upper unit of the Halgaito Formation is predominantly
unsaturated. Ephemeral groundwater occurs, at places, in vertical joints and fractures, especially
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near the surface. Joints and fractures decrease with depth. Perched groundwater has also been
present, generally within isolated lenses located along bedding planes overlying low permeability
zones (DOE 2006). The majority of the groundwater in this upper unit at the site is a result of
former uranium processing operations and, to a lesser degree, transient drainage from the
disposal cell. However, some natural recharge to the upper unit of the Halgaito Formation
appears to occur as evidenced by the presence of upgradient seeps.

Groundwater in the upper Halgaito unit is contaminated from former onsite uranium processing
operations. The upper unit of the Halgaito is generally unsaturated except for limited areas of
perched groundwater. The perched groundwater does not provide sustainable yield; therefore, it
is not considered an aquifer. Groundwater in this unit is not considered to be a significant
resource because of (1) limited recharge, (2) low hydraulic conductivity, (3) low yields,

(4) minimal areal extent, and (5) naturally poor water quality. Based on this information,
groundwater in the upper Halgaito unit is of concern from a regulatory perspective where it
surfaces and where exposure to site-related contamination by humans and other receptors may
occur (see Section 5.0, “Risk Assessment™).

Exposures to contaminated groundwater from the upper unit of the Halgaito may occur where it
daylights in seeps along the North and South Arroyos and Gypsum Creek. Historical records,
including aerial photographs, indicate that most of the seeps were active (at least intermittently)
prior to site remediation. Flow at the seeps has progressively decreased over time to the point
where one seep (Seep 0248) continues to exhibit minor visible seepage. Upgradient
(background) Seep 0261 exhibited flowing conditions during the 2018 inspection. With the
exception of the aforementioned seeps, no other visually monitored seeps have exhibited
evidence of seepage during inspections since at least 2010, and no seeps have exhibited steady
flow during inspections since at least 2005 (see Table 1). The decreased flow at the seeps is
likely attributable to the gradual dewatering of the zones of perched water that remained after
milling and remediation activities (DOE 2006).

The lower unit of the Halgaito Formation, classified as the uppermost aquifer beneath the site, is
isolated from contaminated groundwater in the upper unit by thin lenticular to continuous
limestone beds that limit downward water movement. Additionally, as evidenced by the presence
of perched water in the upper Halgaito unit, the perched water in the upper Halgaito unit
preferentially flows horizontally to seeps and adjacent creeks and does not migrate vertically to
the underlying lower Halgaito unit. An upward hydraulic gradient in the lower unit also impedes
the downward migration of contaminated groundwater perched in the upper unit from entering
the uncontaminated lower Halgaito unit. As a result, the uppermost aquifer beneath the site was
not contaminated by uranium processing operations or by surface remedial actions. Recharge to
the uppermost aquifer occurs upgradient (southwest) of the site and from upward flow from
deeper formations. The Honaker Trail Formation that lies directly beneath the Halgaito
Formation is effectively hydrologically isolated from contamination in the upper Halgaito unit.
Although the lower Halgaito unit and Honaker Trail Formation are in communication, the
unsaturated zone between the upper and lower Halgaito units effectively isolates the Honaker
Trail Formation from the upper Halgaito unit where contamination is located.
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2.6  Groundwater Quality

Background water quality of the Halgaito and the Honaker Trail Formations is generally similar.
Groundwater from both units contains relatively high concentrations of sulfate and nearly equal
concentrations of sodium, calcium, and magnesium. Levels of total dissolved solids (TDS) are
relatively high in the groundwater, ranging from 3200 to 5300 milligrams per liter (mg/L).
Although they exist at lower concentrations, several constituents commonly found in solutions
produced by uranium-ore processing facilities are also present naturally in groundwater seeps
upgradient of the site. These constituents include ammonium, boron, magnesium, manganese,
molybdenum, nitrate, silica, sulfate, and uranium (DOE 2006).

Groundwater quality in the upper unit of the Halgaito Formation is unsuitable for human
consumption. Poor water quality within this upper unit is attributable to both natural
characteristics and contamination from former onsite uranium processing operations. Analysis of
both upgradient and downgradient seeps discharging from fractures within the upper unit of the
Halgaito Formation provides evidence of this poor water quality (DOE 2006). Results of seep
monitoring are presented in Section 4.2. Monitoring locations (seeps, surface locations, and
decommissioned wells) are shown on Figure 6.

Although groundwater in the lower unit of the Halgaito has not been contaminated by past
milling operations, the natural water quality near the site is likely unsuitable for human
consumption. Monitor wells installed in the lower unit of the Halgaito showed the presence of
hydrogen sulfide gas and naturally occurring petroleum. A small amount of oil is produced from
the Halgaito and the underlying Honaker Trail Formation in an oil field near the town of
Mexican Hat (DOE 2006).

Groundwater in the vicinity of the Mexican Hat site is not currently used as a drinking water
source, nor is it anticipated to become one. A treatment plant that draws water from the San Juan
River supplies water to the community of Halchita. When the intake for the Halchita water
supply is above the surface of the San Juan River, the Halchita community is serviced by water
trucks. The community of Mexican Hat also draws its water supply from the San Juan River as
well as two water supply wells northwest of the San Juan River (DOE 1998; UDEQ 2017).
Analytical results of historical water quality samples provide supporting evidence that the
Mexican Hat site does not negatively impact the quality of water in the San Juan River

(DOE 1993).
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3.0 Monitoring History

3.1 Monitoring Requirements

Section 2.5 of the LTSP for the Mexican Hat site acknowledges that (1) scattered shallow
ephemeral perched groundwater that lies directly beneath the site is derived primarily from
uranium processing operations and is contaminated; (2) the uppermost aquifer beneath the site
(i.e., lower unit of the Halgaito Formation) is hydrogeologically isolated from this overlying
site-related contamination by effective confining layers that significantly limit the downward
vertical movement of contaminated perched groundwater and an upward hydraulic gradient
within the uppermost aquifer; (3) monitoring of this contaminated perched groundwater is not
required under the current protection strategy for the site since it is not considered a current or
potential source of drinking water; and (4) the design of the disposal cell, which sheds and
diverts surface water to natural drainages, will minimize any additional potential for the
downward migration of contaminants from the site (DOE 2007).

The Resolution of Seep and Ground Water Monitoring at the Mexican Hat, Utah, UMTRCA
Title I Disposal Site report (DOE 2006) resulted in concurrence among DOE, NRC, and the
Navajo Nation that, based on site conditions at the time, the need for further seep and
groundwater water quality monitoring at the site was not warranted. As a result, all groundwater
monitoring wells at the site were abandoned in 2007. However, it was decided that the collection
of water quality samples at groundwater seeps would be reevaluated if observed seep flows were
to significantly increase compared to historical levels (DOE 2007). A detailed discussion of
historical seep and groundwater monitoring activities and recommendations is provided in the
Resolution of Seep and Ground Water Monitoring at the Mexican Hat, Utah, UMTRCA Title 1
Disposal Site report (DOE 2006).

In accordance with Section 3.7.2 of the LTSP (DOE 2007) and as part of an approved monitoring
plan (DOE 2006), observational monitoring of seven designated seeps is conducted during
annual site inspections. Observational monitoring consists of annual visual observations and
photographic documentation of the seven seep locations (Figure 7) specified in the LTSP

(DOE 2007). The seven designated seeps, including their respective drainages and topographic
locations relative to the disposal cell are listed below.

e North Arroyo
— Seep 0249 (downgradient)
— Seep 0251 (downgradient)
— Seep 0264 (downgradient)
e South Arroyo
— Seep 0254 (downgradient)
e  Gypsum Creek
— Seep 0248 (crossgradient)
— Seep 0261 (upgradient/background)
— Seep 0922 (downgradient)
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Annual visual observations of the seven seep locations designated in the LTSP were required
through 2016, at which time an evaluation was to be conducted to determine whether to continue
or discontinue observational seep monitoring; this report constitutes that evaluation.
Additionally, observational seep monitoring was performed during the annual inspection in
April 2017 and subsequently in September 2017 to obtain supporting information related to
potential seasonal variability.

The Navajo Nation requested sampling of Seep 0248 in 2015 due to increased precipitation in
the area. To address this request, Seep 0248 was sampled in September 2015. Seep 0248
exhibited minor visible seepage (typical conditions) and did not exhibit significantly increased
seepage compared to previous visual observations. Additionally in September 2015, surface
water samples were collected from the adjacent Gypsum Creek from both an upstream location
(0267) and downstream location (0266) relative to Seep 0248. Water quality samples were
collected again at Seep 0248 and an upstream location in Gypsum Creek (0267) on

March 15, 2016. Seep 0248 and the upstream location in Gypsum Creek (0267) were sampled
again on October 3, 2016. Historical water quality results along with the 2015 and 2016 water
quality results are presented in Section 4.0.
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4.0  Monitoring Results

4.1 Observations of Seep Conditions

In accordance with the 2007 LTSP, the seven designated seep locations (Figure 7) have been
observed and photographed to document seep conditions (e.g., dry, moist, visible seepage)
during annual site inspections over the minimum 10-year period. Flow at the seeps has
progressively decreased over time to the point where one seep (Seep 0248) continues to exhibit
minor visible seepage. Upgradient (background) Seep 0261 exhibited flowing conditions during
the 2018 inspection. With the exception of the aforementioned seeps, no other visually
monitored seeps have exhibited evidence of seepage during inspections since at least 2010, and
no seeps have exhibited steady flow during inspections since at least 2005 (Table 1). The
decreased flow at the seeps is likely attributable to the gradual dewatering of the zones of
perched water that remained after milling and remediation activities. Seep 0248 has exhibited
minor visible seepage (i.e., not steady flow), but the seepage has typically been sufficient for
collecting water quality samples (Figure 8). In addition to the observations tabulated in Table 1,
seep conditions have been documented annually with a series of photographs; selected
photographs are provided in Appendix A.

Figure 8. Seep 0248, Spring 2017
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Table 1. Observations and Estimated Flow of Seeps at the Mexican Hat, Utah, Disposal Site

Seep Number

Date 0248 | 0249 | 0251 | 0253 | 0254 | 0255 | 0256 | 0261 0264 | 0922 | 0923 | 0924
Nov 1998 Dry ND | Damp | NF Dry NF NF NF ND NF NF NF
Feb 1999 NF ND NF NF Dry NF NF NF NF NF NF NF
May 1999 Dry ND Dry NF Dry Dry NF NF ND NF NF NF
Aug 1999 NF ND ND NF ND NF NF NF ND NF NF NF
Nov 1999 0.25 ND NF 0.25 Dry 0.5 0.75 0.25 NF 0.25 Dry 0.13
Feb 2000 NF ND NF NF ND NF NF NF NF NF ND NF
May 2000 NF ND NF NF ND 0.13 NF NF NF NF NF NF
Aug 2000 Damp ND Dry NF Dry 0.25 Dry NF NF Dry Dry Dry
Nov 2000 NF ND NF NF ND 2.0 NF NF NF NF ND NF
Feb 2001 NF ND <05 | ~1.0 Dry ~05 | ~1.0 NF ~0.5 ~2.0 NF ~1.5
May 2001 NF ND NF 0.13 NF | <0.13 | NF <0.13 | <0.13 NF NF <0.13
Aug 2001 NF ND NF NF | Damp | NF | Damp NF NF Damp | Damp | Damp
Nov 2001 0.25 ND Dry 3.0 Dry 0.13 | Damp| 0.13 0.13 NF Dry Dry
Feb 2002 0.1 ND Dry 1.5 Dry 1.0 1.5 1.0 NF 0.1 NF NF

May 2002 Dy | ND | Dy | NF [ Dy | NF | NF | 025 | Dy | NF | Dry | Dry
Feb 2003 025 | ND [ NF | NS | Dy | NS | NS | 10 15 [ 025 | NS | Ns

Feb 2004 05 | ND [ Dy | NS | Dry | NS | NS | 20 NF | bry | NS | Ns
Apr 2005 <01 | ND [ Dry | NS [<005| NS | NS | <0.1 NF | NF | NS | Ns
Apr 2006 MN | Dy | Dry [ NoP | Dry | NoP [ NOP | ND | MIN | Damp| NOP | NOP
Apr 2007 MIN [ Dy | Dry [ NoP | Dy [ NOoP [ NOP | ND | MiN | MIN | NOP | NOP
Apr 2008 MIN | Dry | Dry [ NOP | Dry | NOP [ NOP | ND | Damp | Dry | NOP | NOP
Apr 2009 MIN [ Dy | Dry [ NOP | Dry | NOP | NOP | ND by | by | NoP | NOP
May 2010 MIN | Dry |Damp| NoOP | Dry [ NoP [ NOP | ND | MIN | Dry | NOP | NOP
Apr 2011 MIN | Dry | Dry [ NOP | Dry | NOP | NOP | ND Dy | Dry | NOP | NOP

Apr 2012 Damp | ND | Dry | NOP | Dry | NOP | NOP | ND Dry | Dry | NOP | NOP

Apr2013 | Damp | ND | Dry | NOP | Dry | NOP | NOP | ND Dry | Dry | NOP | NOP

Apr 2014 MIN Dry Dry | NOP | Dry | NOP | NOP ND Dry Dry | NOP | NOP
Apr 2015 MIN Dry Dry | NOP | Dry [ NOP | NOP ND Dry Dry | NOP | NOP
Mar 2016 MIN Dry | Damp | NOP | Dry | NOP | NOP ND Damp | Dry | NOP | NOP
Apr 2017 MIN Dry Dry | NOP | Dry | NOP | NOP Dry Dry Dry | NOP | NOP
Sep 2017 MIN Dry Dry | NOP | Dry | NOP | NOP ND Dry Dry Dry NOP
Apr 2018 MIN Dry Dry | NOP | Dry | NOP | NOP | 0.25 Dry Dry Dry NOP
Notes:

Flows estimated in gallons per minute.
Damp = minimal water, no flow measured.
Dry = no flow.

Abbreviations:

MIN = minimal flow (minor visible seepage); no flow measured
ND = no data available

NF = no flow measured

NOP = not on LTSP monitoring plan (DOE 2007)

NS = no longer sampled
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4.2 Current and Historical Monitoring Results from Seeps and Gypsum
Creek (Upper Halgaito Unit) and Wells (Lower Halgaito Unit)

As discussed in Section 3.1, the Navajo Nation requested sampling of Seep 0248 in 2015 due to
increased precipitation in the area, and Seep 0248 was sampled in September 2015. Seep 0248
exhibited minor visible seepage (typical conditions) and did not exhibit increased flow compared
to previous visual observations. During the September 2015 sampling, surface water samples
were also collected from Gypsum Creek: an upstream location (0267) and a downstream location
(0266) relative to Seep 0248 (Figure 6). Water quality samples were collected again at Seep 0248
and an upstream location in Gypsum Creek (0267) in both March 2016 and October 2016.

Due to the former operations of the Mexican Hat mill and the existing disposal cell at the site,
potential contaminants of concern (PCOCs) include nitrate, sulfate, and uranium. Maximum
concentration limits (MCLs) for nitrate (10 mg/L as N) and uranium (0.044 mg/L) have been
established by the U.S. Environmental Protection Agency (EPA) in accordance with 40 CFR 192
and are listed in Table 1 of 40 CFR 192.04; these MCLs were developed in accordance with
UMTRCA and do not reflect maximum contaminant levels promulgated under the U.S. Safe
Drinking Water Act. There is no UMTRCA groundwater MCL or primary drinking water
standard for sulfate. The secondary drinking water standards (SDWSs) of 250 mg/L for sulfate
and 500 mg/L for TDS are typically used as water quality indicators.

The following series of time-versus-concentration figures show the historical and current PCOC
concentrations at the groundwater seep and surface water locations sampled in 2015 and 2016 as
well as historical concentrations at seeps and former groundwater monitoring locations.
Concentration data are plotted on a logarithmic (log;) scale. Each of the charts spans the total
range of values for a given analyte to simplify comparison of values at seeps, surface locations,
and former wells. Tabulated water quality data are provided in Appendix B.

Uranium

The uranium results from the water quality samples collected in 2015 and 2016 are shown on
Figure 9 along with the historical results for Seep 0248. The 0.044 mg/L MCL is shown as a red
line for reference. The locations sampled in 2015 and 2016 and their average uranium results
from this time period are shown on Figure 10. The recent uranium results at Seep 0248 were
consistently at the lower end of the historical range and do not indicate any substantial changes
from historical water quality results at this location. The Gypsum Creek samples were below the
uranium MCL at the upstream location (0267) and above the uranium MCL at the downstream
location (0266). The extent of Gypsum Creek (from its mouth to its headwaters) is designated by
the Navajo Nation for secondary human contact', fish consumption, aquatic and wildlife habitat,
and livestock watering (NNEPA 2007). The Navajo Nation uranium surface water standard
(SWS) for secondary human contact is 2.800 mg/L. There is no uranium standard for the other
designated uses. Gypsum Creek water quality is well below the applicable uranium SWS.

' Secondary Human Contact means “the use of water which may cause the water to come into direct contact with the
skin of the body but normally not to the point of submergence, ingestion of the water, or contact of the water with
membrane material of the body. Such contact would occur incidentally and infrequently” (NNEPA 2007).
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Figure 9. Uranium Concentrations at Seep and Surface Water Locations Sampled in 2015 and 2016

The recent uranium results at Seep 0248 are consistent with the historical results at other
Gypsum Creek seeps that are downgradient of the disposal cell (Figure 11). The most recent
uranium concentration at Seep 0248 (0.44 mg/L on 10/3/2016) is an order of magnitude above
the uranium MCL of 0.044 mg/L. The uranium concentrations at downgradient Gypsum Creek
seeps were historically about an order of magnitude above the MCL. The three seeps identified
as upgradient, background locations (Seep 0256, Seep 0923, and Seep 0261) have typically been
below the uranium MCL but have uranium detections that are indicative of known naturally
occurring uranium deposits throughout the region (Figure 11, Figure 12, and Figure 13). The
locations and historical average uranium concentrations for the currently dry seeps in Gypsum
Creek and the North Arroyo sampled prior to 2006 as well as for Seep 0248 are shown on
Figure 12.

Historical uranium concentrations at downgradient seeps in the North Arroyo (roughly 1.5 orders
of magnitude above the MCL) have been on average slightly higher than the downgradient seeps
in Gypsum Creek (roughly 1 order of magnitude above the MCL) (Figure 13). The North Arroyo
seep locations are closer to the disposal cell and the relative locations of perched contaminated
water. Historical uranium concentrations at Seep 0256, located more than 2 miles upgradient to
the southwest of the disposal cell and previously monitored for background concentrations, are
plotted with the North Arroyo seeps (Figure 13).
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Figure 12. Average Uranium Concentrations at Recent and Historical Seep and Surface Water Sample Locations
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Figure 13. Uranium Concentrations in North Arroyo Seeps and Background Seep 0256

The historical uranium concentrations in the seeps provide an indication of the horizontal extent
of uranium (Figure 12) in the unsaturated upper Halgaito unit. The last historical uranium
concentrations in wells screened in the saturated lower Halgaito unit support the conclusion of
limited downward migration of uranium past the perched water zones and through the
intervening confining unit outside the disposal cell footprint (Figure 14). The highest uranium
concentrations in wells outside the footprint of the disposal cell was at monitoring well 0909,
which is several thousand feet upgradient (southwest) of the disposal cell (Figure 14 and

Figure 16). The highest uranium concentrations in wells inside the footprint of the disposal cell
(Figure 15) were at former monitoring well 0912, which was abandoned in 1988.

No groundwater monitoring wells remain at the site. The last of the wells were abandoned in
April 2007 upon concurrence among DOE, the Navajo Nation, and NRC that groundwater
monitoring at the site was not warranted (see Section 3.0, “Monitoring History™) (DOE 2007).
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Figure 14. Uranium Concentrations in Monitoring Wells Screened Within the Lower (Saturated) Halgaito

Unit (Outside of the Disposal Cell Footprint)

10

0.044

Uranium (mg/L)
o

0.01

0.001

0.0001

TTT

T

kil

"

Jan-8

3 Jan-87 Jan-91 Jan-95 Jan-99 Jan-03 Jan-07 Jan-11 Jan-15 Jan-19

® 0911

e 0912

Uranium
MCL

Figure 15. Uranium Concentrations in Monitoring Wells Screened Within the Lower (Saturated) Halgaito

Unit (Inside the Disposal Cell Footprint)

U.S. Department of Energy

January 2019

Seep Monitoring Evaluation Report Mexican Hat, Utah, UMTRCA Title I Disposal Site

Page 25

Doc. No. S15190



9 a8ed

6107 Arenuep

A810u7 jo juswnaeda ‘g

061S1S 'ON 90

g [esodsiq [ APLL VOULIAN ‘YN 1BH uedrxajy poday uonenjeay uuioyuoly daag

Average Uranium Results N
® <0.015mg/lL
@ 0.015-0.044 mg/L

O 0.044-0.15mg/L
@ o15-045mgL

@ osmo N — | ¢ ¢

0 1,500 3,000

\LM\ess\EnvProjects\EBM\LTS\11110014\08\000\S 16769\S 1676900-03. mxd smithw 11/03/2017 11.38:23 AM

Figure 16. Average Uranium Concentrations in Monitoring Wells Screened Within the Lower (Saturated) Halgaito Unit

Lavid



DRAFT

Nitrate

Nitrate results are reported as nitrate as nitrogen (nitrate as N), which has an MCL of 10 mg/L.
The nitrate (as N) MCL is also provided on the charts for comparison purposes. The 10 mg/L
nitrate MCL is equivalent to 44.3 mg/L when results are reported as nitrate as nitrate (nitrate as
NO;). The conversion is the ratio of the molecular weight of N (14 grams per mole [g/mol]) and
NO; (62 g/mol) or 4.43 milligrams (mg) of NOs for every 1 mg of N. Any reference going
forward to nitrate should be assumed to be nitrate (as N) unless specified. Tabulated water
quality data presented in Appendix B include raw, unconverted datasets for nitrate.

The nitrate results from the recent 2015 and 2016 samples are shown on Figure 17 along with the
historical results for Seep 0248. The 2015 and 2016 sampled locations and their average nitrate
results from this time period are shown on Figure 18. The recent nitrate results show the same
trends in comparison to the recent uranium results (Figure 9). The 2015 and 2016 nitrate results
at Seep 0248 were consistently at the lower end of the historical range and do not indicate any
substantial changes from historical water quality results at this location, including at other
downgradient seep locations in Gypsum Creek. The recent nitrate concentrations at Seep 0248
(22 mg/L on March 15, 2016, was the most recent) have been about 2 to 3 times greater than the
10 mg/L MCL. The nitrate results at the two Gypsum Creek surface water locations were below
the 10 mg/L nitrate MCL and significantly below the nitrate standard for livestock water of

132 mg/L as N (NNEPA 2007).

The nitrate concentrations at downgradient Gypsum Creek seeps were historically about an order
of magnitude above the MCL with outliers of up to 2 orders of magnitude higher (Figure 20).
The locations and average nitrate values for the currently dry seeps (those in Gypsum Creek and
the North Arroyo) sampled prior to 2006 and for Seep 0248 are shown on Figure 19. Nitrate
concentrations at the three seeps identified as upgradient, background locations (Seep 0256,
Seep 0923, and Seep 0261) have typically been below the nitrate MCL (Figure 20 and

Figure 21).

The historical nitrate concentrations of seeps in the North Arroyo were on average slightly higher
than the Gypsum Creek seeps, although less than 2 orders of magnitude above the MCL

(Figure 20 and Figure 21). Historical nitrate concentrations at Seep 0256, located more than

2 miles upgradient to the southwest of the disposal cell and previously monitored for background
concentrations, are plotted with the North Arroyo seeps (Figure 21).
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Figure 19. Average Nitrate (as N) Concentrations of Recent and Historical Seep Locations
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The historical nitrate concentrations in the seeps indicate the horizontal extent of nitrate
migration (Figure 19) in the unsaturated upper Halgaito unit. The last historical nitrate
concentrations in wells screened in the saturated lower Halgaito unit (Figure 22) support the
conclusion of limited downward migration of nitrate past the perched water zones and through
the intervening confining unit, which consists of thin lenticular to continuous limestone beds that
limit downward water movement from the upper Halgaito unit (see Section 2.5,
“Hydrogeological Conditions™). Of the wells located outside the disposal cell footprint, the
highest nitrate concentrations were at well 0909 toward the end of groundwater monitoring
activities at the site; well 0909 is several thousand feet upgradient (southwest) of the disposal
cell (Figure 22 and Figure 24). Of the wells located inside the disposal cell footprint (Figure 23
and Figure 24), the highest nitrate concentrations were at well 0912; well 0912 was abandoned in
1988, and the disposal cell was constructed in the mid-1990s.

No groundwater monitoring wells remain at the site. The last of the wells were abandoned in
April 2007 upon concurrence among DOE, the Navajo Nation, and NRC that groundwater
monitoring at the site was not warranted (see Section 3.0, “Monitoring History™) (DOE 2007).
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Figure 22. Nitrate (as N) Concentrations in Monitoring Wells Screened Within the Lower (Saturated)
Halgaito Unit (Outside the Disposal Cell Footprint)

U.S. Department of Energy Seep Monitoring Evaluation Report Mexican Hat, Utah, UMTRCA Title I Disposal Site
January 2019 Doc. No. S15190
Page 32



DRAFT

10000

1000

100

10 +—y

Nitrate (mg/L)

0.1

007 =

Ll

e 0911

® 0912

o 0912

e Nitrate MCL

Jan-83 Jan-87 Jan-91 Jan-95 Jan-99 Jan-03 Jan-07 Jan-11 Jan-15 Jan-19

Note: Hollow symbols represent laboratory nondetections reported at the detection limit.

Figure 23. Nitrate (as N) Concentrations in Monitoring Wells Screened Within the Lower (Saturated)

Halgaito Unit (Inside the Disposal Cell Footprint)
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Sulfate and Total Dissolved Solids

Sulfate and TDS concentrations are naturally elevated in groundwater and surface water across
the site. Concentrations of sulfate and TDS are relatively consistent (within an order of
magnitude) throughout the vicinity of the Mexican Hat site regardless of the monitoring type and
monitoring location. Surface water, seeps, and former monitoring wells have all returned
relatively similar concentrations of sulfate and TDS irrespective of their relative location from a
topographic and hydrologic perspective (i.e., downgradient or upgradient). Additionally, former
monitoring wells screened in both the upper and lower Halgaito units have returned similar
sulfate and TDS concentrations. The following figures show sulfate results for seeps (historical
and current) and surface locations (Figure 25) and for former groundwater monitoring wells
(Figure 26). Monitoring locations are shown on Figure 6.

Sulfate concentrations across the site exceed the EPA SDWS of 250 mg/L. Exceedances of
SDWSs are not health threatening, but they can make water appear cloudy or smell and taste bad,
limiting its use as a potable water source. The naturally occurring high sulfate levels in the water
prevent the lower unit of the Halgaito Formation (uppermost aquifer) from being a suitable water
supply. The sulfate results from the 2015 and 2016 samples (Seep 0248 as well as surface
locations 0266 and 0267) are shown along with the historical results for other seeps previously
sampled at the site on Figure 25. Sulfate concentrations in the former wells that were completed
in the saturated lower Halgaito unit are shown on Figure 26.

The dissolved sulfate concentrations comprise about 60% of the TDS at the site. The EPA lists a
SDWS of 500 mg/L for TDS. Water with TDS levels above 1200 mg/L is often considered
unacceptable as potable water. TDS concentrations in water (seeps and former wells) at the
Mexican Hat site range from about 2000 to 10,000 mg/L. The following figures show TDS
results for seeps (historical and current) and surface locations (Figure 27) and for former
groundwater monitoring wells (Figure 28). Monitoring locations are shown on Figure 6.
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4.3  Uranium Isotope Analysis

Activity ratios (ARs) of uranium-234 (***U) and ***U isotopes can be used to help determine the
source of uranium in a groundwater sample. Under the right conditions, the 24U and 2*U AR
can distinguish between the uranium derived from weathering of local aquifer minerals and the
uranium derived from processing mills (Zielinski et al. 1997). Zielinski et al. (1997) state that
most natural groundwater has a “**U and ***U AR greater than 1.0, with typical values in the
range of 1 to 3; however, values in excess of 10 can occur because the 24U isotope is
preferentially leached, and thus enriched, in naturally occurring groundwater. In contrast,
uranium related to processing mills is often derived from uranium ores that have not been
exposed to near surface leaching processes. As a result, the ***U and ***U isotopes come into
secular equilibrium, which means they both have the same activity ratios, and the 24U and *U
AR values are near 1. The relatively fast leaching processes in a uranium mill result in waters
that retain the >**U and ***U AR near 1, which allows these mill-related waters to be
distinguished from gotential “background” waters that have naturally occurring uranium.
However, 240U and *®U AR values are not always definitive, and determining whether uranium
content in groundwater is from natural or mill-related processes is often inconclusive.

Uranium isotopes analysis was performed for the seep and surface water samples collected at
the site in 2015 and 2016. With the available data, the 2**U and ***U AR data were plotted as a
function of the uranium concentration (Figure 29), similar to that in Zielinski et al. (1997),

to analyze the mixing potential of the individual samples. The **U and U AR results at

Seep 0248 were in the range of 1.2 to 1.3, with uranium concentrations ranging from 0.34 to
0.42 mg/L (Figure 29). Downstream Gypsum Creek surface water location 0266 had similar Pu
and 2*U ARs of 1.1 to 1.3, with lower uranium concentrations (0.081 to 0.092 mg/L)

(Figure 29). Upstream Gypsum Creek surface water location 0267 returned 24U and 2*U AR
values of 1.4 to 1.6, with uranium concentrations less than 0.022 mg/L (Figure 29); the results at
this location are likely representative of naturally occurring uranium. However, these 34U and
81 ARs are not definitively diagnostic of either mill-related or naturally occurring uranium;
Seep 0248 and surface water location 0266 are likely a mix of the two. Additional data from
groundwater samples that are definitely known to have mill-related or naturally occurring
uranium would be necessary for a better determination of the uranium source. However, based
on the uranium content of these samples compared to historical sample results at the site, as well
as the limited exposure risks associated with the seeps at the site (see Section 5.0, “Risk
Assessment”), additional sample collection and isotopic analyses are not warranted.
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Surface Water (0266 and 0267) Locations Sampled in 2015 and 2016

5.0 Risk Assessment

This section serves as the basis for recommendations made regarding the need for continued
seep monitoring at the site (Section 6.0). Because the surrounding site conditions and land use
have not changed significantly, the conclusions reached in the risk assessment for exposure to
seep water downgradient from the site (previously presented in DOE 2002) still apply. Flow at
the seeps has progressively decreased over time to the point where one seep (Seep 0248)
continues to exhibit minor visible seepage. Upgradient (background) Seep 0261 exhibited
flowing conditions during the 2018 annual inspection. With the exception of the aforementioned
seeps, no other visually monitored seeps have exhibited evidence of seepage during inspections
since at least 2010, and no seeps have exhibited steady flow during inspections since at least
2005 (Table 1). The decreased flow at the seeps is likely attributable to the gradual dewatering of
the zones of perched water that remained after milling and remediation activities (DOE 2006). In
addition to the tabulated observations in Table 1, seep conditions have been documented
annually with a series of photographs; selected photographs are provided in Appendix A.

Risk calculations for human health associated with the seeps at the Mexican Hat site were
provided in the Site Observational Work Plan (SOWP) (DOE 1998). The Navajo Nation
concurred in a July 3, 2002, letter to DOE that the errors observed in the human and ecological
risk assessment in the SOWP were addressed in the updated risk assessment for exposure to seep
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water presented in the Assessment of Seeps at the Mexican Hat, Utah, UMTRCA Project Site
report (DOE 2002) and that no changes to the SOWP were necessary.

The SOWP risk assessment calculations were based on the ingestion of meat and milk from
sheep and cattle that drank seep water. Given that the seeps have not exhibited flowing
conditions during inspections for at least 10 years and that one seep is exhibiting minor visible
seepage (i.e., not steady flow), these potential pathways are currently unrealistic. Even if
prolonged exposures were possible, the risk assessment results indicated that no unacceptable
risks were associated with these pathways. Ingestion of seep water as a primary drinking water
source was not considered to be a complete pathway in the SOWP risk assessment because the
nearest residence was more than a mile from the site in the town of Halchita, and the town was
served by a municipal system; these conditions still apply and continue to be relevant regarding
site related risk. Potential risks associated with incidental exposure to seep water also continue
to be negligible. Therefore, the conclusion reached in the SOWP risk assessment (DOE 1998)
(i.e., that the seeps at the site posed no unacceptable human health risks) remains applicable.

The conclusions reached by previously performed ecological risk assessments also still apply
because surrounding site conditions and land use have not changed significantly. A conservative
screening-level ecological risk assessment was first performed for groundwater seeps at the site
(Duncan et al. 1994). That assessment identified several constituents (boron, nitrate, selenium,
silica, and uranium) with the potential for posing unacceptable risks to ecological receptors.
Those constituents were reevaluated using more recent monitoring data, updated toxicological
data, and a more reasonable exposure scenario (DOE 2002). In this reevaluation, water was
considered to be the only medium of concern. Livestock were the receptors evaluated, and it was
assumed that potential risks to any other wildlife receptors would be similar to those for
livestock. Maximum surface water concentrations from any seep used in the previous
calculations were used in this reevaluation to be conservative. The exposure assumptions made
in the SOWP (DOE 1998) were used in the calculations. Specifically, the assumption was made
that receptors would only be exposed to the seeps for one day per week because water in the
seeps is limited, the home range for livestock and wildlife of concern is fairly large, and there are
other more significant sources of water within the home range. Toxicity benchmarks used for
calculations in the reevaluation were commonly accepted for performing DOE ecological risk
assessments (Sample et al. 1996). Results of the reevaluation indicate that potential risks to
livestock and wildlife through ingestion of seep water are negligible. Hazard quotients for
livestock receptors for the three contaminants evaluated are all more than an order of magnitude
below the maximum acceptable level. It is probable that potential risks to any other wildlife
receptors (e.g., coyotes) would be equally low.

Groundwater monitoring results confirm that site-related contamination is not present in the
uppermost aquifer beneath the site (Section 4.2). This is because the uppermost aquifer is
hydrogeologically isolated and protected from contamination within the overlying perched
groundwater by effective confining layers and an upward hydraulic gradient. Therefore, no risk
assessment regarding exposure to groundwater in the uppermost aquifer is necessary.
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6.0 Conclusions and Recommendations

Site-related contamination is present within scattered groundwater perched on low permeability
lenses in the upper unit of the Halgaito Formation. The perched water migrates laterally to seeps
in the adjacent North Arroyo and Gypsum Creek. The source of the perched water was primarily
related to milling and remediation activities at the site. Since the construction of the disposal cell
the source of the perched water has been reduced, and the perched zones that feed the seeps have
been dissipating. This is evidenced by the fact that observable flow at the seeps has progressively
decreased throughout the extent of visual observational seep monitoring to the point where one
seep (Seep 0248) continues to exhibit minor visible seepage. Upgradient (background)

Seep 0261 exhibited flowing conditions during the 2018 inspection. With the exception of the
aforementioned seeps, no other visually monitored seeps have exhibited evidence of seepage
during inspections since at least 2010, and no seeps have exhibited steady flow during
inspections since at least 2005. Seep 0248 is located crossgradient from the disposal cell and has
consistently exhibited minor visible seepage.

The seeps, both currently and historically (i.e., when they were flowing), do not provide
sufficient volume to present a significant risk to human health and the environment (DOE 2006).
The remote location of these seeps and minimal grazing in the area also greatly reduce the
likelihood of any significant human health risks associated with the seep water. The potential
ecological risks to wildlife through ingestion of contaminated seep water are negligible.

The seep and surface water samples collected in 2015 and 2016 provide supporting evidence that
PCOC concentrations have not increased at the sampled locations as a result of decreased
groundwater discharges at the visually monitored seep locations. The uranium results from

Seep 0248 were consistent with historical results at this location. Uranium concentrations at the
upstream Gypsum Creek location were about half the uranium MCL, and the downstream
location was about double the uranium MCL. Uranium concentrations in downgradient Gypsum
Creek seeps have historically been about an order of magnitude (10 times) above the MCL, but
they have been below the Navajo Nation SWS.

Given that the seeps are nearly all dry and that there are no significant human or environmental
health risks associated with the groundwater seeps, there is no need to resume water quality
monitoring at the site. Visual observations, photographs, and qualitative flow estimates will
continue to be made during annual site inspections to document seep conditions; the need to
continue long-term visual monitoring of the seeps may be revisited in the future. Seeps proposed
for continued visual monitoring during annual site inspections are shown on Figure 30.
Upgradient (background) Seep 0261 is proposed to be removed from the annual visual
monitoring program. Seep 0261 will only be visually assessed during annual site inspections in
the event that Seep 0248 exhibits increased flow or other changed conditions in Gypsum Creek
indicate the potential for substantial upgradient effects. The utility of collecting water quality
samples at groundwater seeps may be reevaluated if observed seep flows appreciably increase in
the future.
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Appendix A

Photographs of Seeps Monitored from 2008 through 2017
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Seep 0251 in North Arroyo View to the South (April 29, 2008)

Seep 0251 in North Arroyo View to theSouth (April 11, 201 7)
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Seep 0264 in North Arroyo View to the South (April 11, 2017)
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Seep 0249 in Gully 2; View to the Northwest (April 2, 2008)

¥

Seep 0249 in Gully 2; View to the Northwest (April 11, 2017)
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Seep 0922 in Gypsum Creek (Covered in Sandbar); View to the West/Southwest (April 11, 2017)
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Seep 0254 in South Arroyo, View to the West/Southwest (April 11, 2017)
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