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AR activity ratio (of U-234 to U-238)
DOC dissolved organic carbon

DOE U.S. Department of Energy
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Executive Summary

Uranium mill tailings disposal cells in Colorado and New Mexico have been constructed on
dark-gray shale bedrock of the Upper Cretaceous Mancos Shale, and a new disposal cell is being
constructed on Mancos Shale in Utah. It has long been known and discussed by many
researchers that the Mancos Shale is a source of salts, selenium, and trace metals. These
constituents can in turn contribute to groundwater contamination. There is a need to consider the
release of potential contaminants by natural processes when evaluating the progress of
groundwater remediation efforts at disposal sites built on Mancos Shale.

We sampled Mancos Shale groundwater at 51 locations in Colorado, New Mexico, and Utah,
mostly from shale beds but also from some sandstones and alluvial gravels. Because the Mancos
Shale does not typically yield much groundwater, most samples were collected from seeps and
springs. Many of the groundwater samples were highly saline, as indicated by specific
conductivity values ranging from 418 to 70,002 microsiemens per centimeter (uS/cm) with a
geometric mean of 9,226 uS/cm. Samples collected at nine locations had specific conductivity
values of more than 30,000 uS/cm. Nitrate concentrations exceeded 250 milligrams per liter
(mg/L) at 13 locations, and selenium concentrations exceeded 1,000 micrograms per liter (ng/L)
in eight samples. Uranium concentrations were also high, having a range of 0.2 to 1,922 nug/L
with a geometric mean of 48.8 pg/L, and samples from 18 locations had concentrations more
than 100 pg/L. At several locations, seep water was colored yellow to red; the coloration was
caused by dissolved organic carbon concentrations up to 280 mg/L. Boron concentrations
exceeding 1,000 pg/L were common in groundwater from shale beds, but lower values were
found in groundwater from sandstone.

All uranium-234 to uranium-238 activity ratios (ARs) were greater than the secular equilibrium
value of 1.0. All but three of the AR values were more than 1.5, and about half of the values
exceeded 2.0. Thus, high AR values may be a common characteristic of groundwater that has
interacted with Mancos Shale.

The results indicate that high concentrations of boron, major ions, nitrate, selenium, and uranium
are likely to occur as a natural process of interaction between groundwater and Mancos Shale.
The high concentrations are apparently limited to groundwater associated with shale beds, and
concentrations of these constituents in groundwater associated with sandstone were much lower.
High contaminant concentrations occurred throughout the study areas and were not correlated
with geographic area, stratigraphic position, or source of water. Some of the samples were
influenced by irrigation, but others were collected from locations in remote areas with no
significant anthropogenic input.

In a few well-characterized areas, it was possible to define the source of recharge water and the
groundwater flow path to the seeps. Seeps in several areas were fed from man-made ponds or
reservoirs, and had historical documentation that allowed accurate assessments of the timing of
the formation of the seeps. At one area, historical data were sufficient to determine that the
groundwater flow rate through the shale beds of Mancos exceeded 8 feet per day.

A literature review of the solid-phase composition of Mancos Shale indicated that the shale is
composed of quartz, feldspar, illite, smectite, interlayered clays, carbonates, sulfates, organic
matter, and pyrite. Uranium and nitrate likely reside in or are closely associated with organic
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matter, and selenium substitutes for sulfur in pyrite. Conceptually, major ion chemical reactions
are dominated by calcite dissolution following proton release from pyrite oxidation and
subsequent exchange by calcium for the sodium residing on clay mineral exchange sites. This
conceptual model was tested numerically using a reaction progress approach. The modeling

indicated that these reactions were able to explain the general features of groundwater chemical
evolution.
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1.0 Introduction

We define natural contamination as a process by which constituents are transferred from
geologic materials (in this case, rock of the Mancos Shale) to groundwater in concentrations that
could be harmful to human health or the environment. For this definition, the source of the
groundwater may be anthropogenic but the water must be of a reasonably high quality prior to
contacting the geologic source of the natural contamination. Although there are many factors that
should be considered when relating concentrations of a dissolved constituent to the risks to
human health or the environment, in this study we consider contaminants as concentrations that
exceed regulated standards. Contaminants with concentrations that exceed standards by an order
of magnitude or more, which for this study included uranium, selenium, and nitrate, are of
special interest (Table 1). Although Table 1 presents national drinking water standards, other
standards exist. For example, an aquatic life standard of 4.6 micrograms per liter (ug/L) has been
established for selenium (Thomas 2009) and the State of New Mexico has a livestock drinking
water standard of 100 ug/L for vanadium (Thomas et al. 1998).

Table 1. Contaminants Exceeding 10 Times the Maximum Contaminant Levels for Drinking Water
in Seep and Spring Samples Analyzed for This Study(40 E-CFR 141)

Drinking Water Range Measured In Geometric
Standard This Study Mean
Uranium (ug/L) 30 0.2—-1,922 49.7
Selenium (ug/L) 50 0.14-4,700 51.5
Nitrate (mg/L) 44 0.5-3,614 33.7

mg/L = milligrams per liter

Natural contamination of surface drainages, including the Colorado River, by salts and selenium
from irrigation on marine shale formations in semiarid lands is well known (Laronne 1977;
Wagenet and Jurinak 1978; Whittig et al. 1982, 1983, 1986; Laronne and Schumm 1982;
Jackson and Julander 1982; Deyo 1984; Rao et al. 1984; Evangelou 1981; Evangelou et al. 1984;
Wright and Butler 1993; Butler et al. 1991, 1994, 1996; Zielinski et al. 1995; Butler and

Leib 2002; Kakouros et al. 2006; Thomas et al. 2008; Tuttle and Grauch 2009). A study of
natural contamination was conducted by Littke et al. (1991) on black shale of the Jurassic
Posidonia Shale in Germany. They developed a mass and volume balance that estimated
constituent loss (potentially transferred to groundwater) during the weathering process and
concluded that shale may significantly increase sulfur and organic carbon concentrations in the
groundwater over those levels derived from local anthropogenic sources.

A goal of this project was to determine the distribution of natural contamination in Mancos
Shale groundwater by measuring chemical concentrations in Mancos Shale seeps and springs
from samples collected throughout much of its depositional basin. This information is directly
relevant to evaluation of groundwater contamination at uranium mill tailings disposal sites that
were constructed on the Mancos Shale. Because uranium is an important contaminant at

U.S. Department of Energy (DOE) former uranium milling sites and tailings disposal sites, it is
a contaminant of principal interest to this study. It is important to understand the possible
contribution of natural uranium to background concentrations at these cleanup sites to ensure
realistic cleanup standards and to evaluate the progress of site cleanup. Relatively few data exist
on uranium concentrations in surface water or groundwater influenced by Mancos Shale.
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Uranium mill tailings disposal cells were built on Mancos Shale near Grand Junction, Colorado,
and Shiprock, New Mexico. These sites are administered by DOE's Office of Legacy
Management. Under another program, DOE is currently (2011) relocating uranium tailings from
a former milling site near Moab, Utah, to a disposal cell built on Mancos Shale at Crescent
Junction, Utah (Figure 1).

Less-direct reasons for studying Mancos Shale groundwater chemistry include its role in the
understanding of (1) contaminant loading to surface water, particularly the Colorado River,

(2) uranium ore genesis, and (3) influence of natural carbon releases on the global carbon budget.
These three secondary objectives are discussed briefly as follows:

(1) Many studies have focused on the release of salt and selenium from the Mancos
Shale and its effects on salt loading to the Colorado River. Notable research has been
conducted by personnel at the U.S. Geological Survey (USGS) (Butler et al. 1991,
1994, 1996; Wright 1995, 1999; Butler and Leib 2002; Grauch et al. 2005;
Tuttle et al. 2005, 2007; Thomas et al. 2008; Tuttle and Grauch 2009;
Stillings et al. 2005), University of California, Davis, (Whittig et al. 1982, 1983, 1986;
Deyo 1984; Evangelou et al. 1984, 1985), Utah State University (Jurinak et al. 1977;
Wagenet and Jurinak 1978; Rao et al. 1984), Colorado State University (Laronne 1977;
Ponce and Hawkins 1978; Sunday 1979; Laronne and Shen 1982; Laronne and
Schumm 1982), and others (Jackson and Julander 1982). These studies are important
because of issues with deteriorating water quality for downstream users, particularly in
California and Mexico. Data collected for most of these studies are predominantly from
samples of surface waters (streams, lakes, and canals) that flow to the Colorado River.
Groundwater contribution of salt and selenium have also been investigated
(e.g. Butler et al. 1994), but to a far lesser extent.

(2) Although most theories of the origin of sandstone-type uranium ore deposits in the
Colorado Plateau Province do not invoke a contribution from the Mancos Shale, Shawe
(1976) proposed that uranium ore deposits in the Slick Rock District in southwest
Colorado were formed by uranium-bearing groundwater that flowed downward from the
Mancos Shale during burial compaction, depositing uranium in the organic-carbon-rich
Morrison Formation. Shawe (1976) suggested that the fluids migrating from the Mancos
were reducing, with uranium kept in solution by dissolved carbonate.

3) Petsch et al. (2000) determined that between 60 and 100 percent of the total organic
carbon present in black shale can be released during weathering. Oxidation during
weathering depletes oxygen from and adds carbon dioxide to the atmosphere. As shown
in Figure 1, the Mancos Shale crops out over approximately 1,250 square miles in the
Four Corners states. The vast area of Mancos and equivalent gray marine shale outcrops
that are in Arizona, Colorado, Kansas, Montana, Nebraska, New Mexico, North Dakota,
South Dakota, Utah, and Wyoming may provide sufficient carbon dioxide release to have
an impact on the global carbon budget.
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Figure 1. Locations of Sampling Regions and Mancos Shale Outcrops

CSA = Cerro Summit Area (Figure 10), DAR = Daly Reservoir Area (Figure 9), DRA = Delta Reservoir Area
(Figure 2), DTA = Devil's Thumb Golf Course Area (Figure 4), LAA = Loutsenhizer Arroyo Area (Figure 11),
SA = Shiprock Area (Figure 12), SLA = Sweitzer Lake Area (Figure 5), WA = Whitewater Area (Figure 6)
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2.0  Geology of the Study Area

The Mancos Shale was deposited during the Late Cretaceous Epoch in the offshore and open-
marine environment of the epicontinental Western Interior Seaway. The seaway corresponded to
the Rocky Mountain foreland basin, an area of downwarping that developed as a result of active
thrusting along the Sevier orogenic belt to the west (Johnson 2003). For about 13 to 15 million
years, the slowly subsiding foreland basin accumulated sediment and ash-fall deposits from
periodic uplift and volcanic activity in the Sevier highland to the west (Matthews et al. 2003).

The exposed formation reaches as much as 4,150 ft thick in west-central Colorado and east-
central Utah (Fisher et al. 1960). Named by Cross and Purington (1899) for exposures in the
valley around Mancos, Colorado, the Mancos Shale in that area is considerably thinner—only
2,238 ft, as measured in a section by Leckie et al. (1997).

The Mancos Shale represents the interplay of transgressive and regressive episodes of the
seaway. Shale, mudstone, claystone, and limestone were deposited during transgressions, and
sandstones were deposited during regressions. The lithologic variation around the depositional
basin, reflecting the proximity to sediment sources in the Sevier highland, created a complicated
nomenclature for the Mancos—Berman et al. (1980) referred to the nomenclature as
“burdensome.” Mancos Shale, as recognized in the Colorado Plateau and Southern Rocky
Mountains, represents only part of the marine rocks formed in the western part of the seaway.
Other formations represent these seaway deposits to the east and north. As thrusting progressed
eastward in the Sevier orogenic belt with time, the west part of the seaway filled, and marine
conditions shifted eastward where the Pierre Shale was deposited in eastern Colorado and in
adjoining states to the east and north.

Mancos Shale nomenclature varied significantly across the Colorado Plateau in the six regions
where samples were collected for this study. Figure 2 shows the various members of Mancos
Shale for each of the sampled regions (Delta and Montrose Regions were combined because their
Mancos Shale members are similar). Also shown in Figure 2 is a nomenclature column of
Mancos-equivalent marine deposits for eastern Colorado where the Pierre Shale is present. In
western Colorado, the upper part of the Mancos Shale is equivalent to the lower part of the Pierre
Shale (Berman et al. 1980). For the Delta-Montrose and Shiprock Regions, much of the
nomenclature is imported from the open-marine facies (and members) recognized in

eastern Colorado.

Immediately underlying the Mancos Shale in the study area is the Dakota Sandstone, which was
deposited during the initial transgression of the seaway. The maximum transgression of the
seaway corresponding to its greatest depth is characterized by the deposition of fine-grained
carbonates of the Bridge Creek, Fort Hays Limestone, and Greenhorn Limestone Members
(Kauffman 1969). As the sea gradually regressed in cycles, the shoreline moved generally from
the northwest to southeast across the study area. During the seaway regression, the Mancos
typically intertongues with marginal-marine rocks in the overlying Mesaverde Group. Basal
Mesaverde Group regressive coastal deposits in the study area include the Castlegate, Point
Lookout, and Star Point Sandstones. The basal coastal deposit and equivalent to the basal
Mesaverde in eastern Colorado overlying the Pierre Shale is the Fox Hills Sandstone.
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Mancos Shale generally consists of clayey to sandy to calcareous silt-shale with minor limestone,
marlstone, bentonite, concretions, and sandstone beds (Noe et al. 2007a). These rocks represent
muddy, shallow shelf deposits, and they typically form badland-style topography. A good
example of this geomorphic expression is in the area of the South Branch of Loutsenhizer
Arroyo in the Montrose, Colorado, Region (shown in the cover photo). Here, as in many other
places of exposed Mancos, the shale is covered with a thin skin of residual or colluvial mud, as a
result of in-place weathering (Noe et al. 2007a). Weathering commonly imparts a "popcorn”
texture in calcareous shales of the thick Smoky Hill Member. Other characteristics of the Smoky
Hill are the presence of Inoceramus shell fragments and its tendency to weather to a lighter gray
or yellow-golden color. The overlying Prairie Canyon Member, is generally noncalcareous and
organic-rich, and it contains very fine-grained, bioturbated, thin sandstone beds that weather out
into small plates.

As used in this study, weathered Mancos Shale is defined as those portions of Mancos that have
undergone significant chemical changes related to weathering processes, chiefly pyrite oxidation
to iron hydroxide minerals and significant oxidation and loss of organic matter. This definition of
weathering is consistent with that used by Berner (1987). These geochemical reactions are likely
accompanied by mineralogical changes to the clay fraction, and manifest themselves in various
ways including a change in the color of Mancos Shale from dark gray to yellowish gray and the
production of a popcorn texture at the ground surface. Various terms have been used in the
literature, but not well defined, for features that we presume to correlate with this definition of
weathered Mancos Shale: Mancos Shale residuum (Wright and Butler 1993; Butler et al. 1994),
shale residuum (Wright 1995, 1999), surficial Mancos Shale (Laronne 1977), weathered Mancos
(Laronne and Shen 1982; Laronne 1977), weathered zone (Stillings et al. 2005), weathered shale
(Wright 1995; Evangelou 1981), and partially weathered Mancos (Evangelou et al. 1984, 1985;
Evangelou 1981). Similarly, our definition of unweathered Mancos Shale is probably mostly
equivalent to Mancos Shale bedrock (Butler et al. 1994), competent Mancos (Laronne 1977), and
less-weathered shale (Stillings et al. 2005). Mancos Shale hills are in most places capped by
weathered shale that has a light-gray or yellow color. Another characteristic of weathered
Mancos Shale is the presence of gypsum (CaSO4+2H,0) and calcite (CaCOs); the amounts of
both decrease with increasing depth. However, weathering of Mancos Shale can apparently occur
without any obvious change in appearance. In a study of the weathering of organic matter in the
Mancos Shale, Leythaeuser (1973) found that core samples with a similar dark-gray appearance
had significantly lower concentrations of organic carbon in the shallowest zones, likely due to
weathering. In a study of black shale in Germany, Littke et al. (1991) also showed that organics
can be weathered without a significant change in macroscopic appearance.

Thin bentonite beds have been identified in most members of the Mancos Shale. Thicknesses
of the beds range from a fraction of an inch to as much as 5 ft and most commonly are 1 to

6 inches. Bentonite was first defined to be a highly colloidal, plastic clay found in Cretaceous
rocks near Fort Benton, Wyoming (Knight 1898). Later definitions of bentonite limited it to
clays composed mostly of montmorillonite produced by the alteration of volcanic ash.
Approximately 400 to 450 distinct bentonite beds have been identified in the Western Interior
Seaway deposits, and many of the bentonite beds extend for hundreds of miles across the
depositional basin (Kauffman 1977). Radiometric dates of the bentonites correlate well with
index fossils and provide a detailed geochronology for the seaway. Further definition of
bentonite (in common usage, and in this report) classifies it as a rock derived from wind-
transported volcanic ash, predominantly vitric in character, that fell into a body of water, and
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then settled to form a discrete bed (Schultz et al. 1980). Glassy ash shards are altered most
commonly to smectite, and phenocrysts in the ash are typically preserved. The rock is considered
a bentonite if the ash-fall origin is recognizable. This definition was used by Schultz et al. (1980)
for description of bentonite beds in the Pierre Shale, an eastern equivalent of the Mancos Shale.
Numerous bentonite beds as much as 5 ft thick (but typically less than 1 ft thick) in the upper
Pierre Shale just west of Denver, Colorado, are described by Noe et al. (2007b). Mineralogy of
these bentonites indicates they are calcium bentonites and do not have as much swelling capacity
as the very highly expansive sodium bentonites that occur in northern Wyoming.

During this study, bentonite beds were observed as light gray to white, thin layers in several
exposures of Mancos Shale, particularly in the Montrose and Delta Regions. In the Delta Region,
bentonite beds several inches thick were present at the Delta Reservoir seeps in the lower part of
the Prairie Canyon Member. In the Montrose Region, bentonite beds were seen in the Prairie
Canyon Member in areas investigated along a tributary to Loutsenhizer Arroyo. Also in the
Montrose and Delta Regions, just above the Prairie Canyon Member, bentonite beds were
observed in the Sharon Springs Member.

3.0  Site Descriptions

In November and December 2010, samples were collected from 69 sampling locations over a
broad geographic area on the Colorado Plateau encompassing much of the Mancos Shale
depositional basin (Figure 1). Latitude and longitude coordinates and geologic units for each
sampling location are provided in Appendix A. For ease of discussion, these locations were
grouped into six sampling regions named after the nearby towns of Delta, Green River,
Hanksville, Montrose, Price, and Shiprock (Figure 1). Where there were clusters of sampling
locations, the regions were subdivided into sampling areas. Some of the locations were in
irrigated areas, whereas others were remote with little chance for anthropogenic impacts. Seeps
were sampled at 51 of these locations and surface water at 18 locations. Seeps are surface
expressions of groundwater with insignificant flow, whereas springs are the same but with
sufficient flow to form a stream of water. These definitions were used in the location names
(Appendix A), but for simplicity in the document, we use the terms “seep” and “spring”
interchangeably.

Areas with known groundwater occurrences were identified using the USGS National Water
Information Service (NWIS) Web Interface (USGS 2011a). Other areas likely to have
groundwater seepage were identified using aerial photography in Google Earth and from data
from DOE's National Uranium Resource Evaluation (NURE) program (USGS 2011b). Field
reconnaissance investigations identified additional sampling locations.

Of the surface water locations, 12 were small streams and pools receiving water from the seeps
or springs. At the other six surface locations, water bodies were identified as the source of water
for the groundwater that surfaced at the seep sampling locations. These six surface locations are
Whitewater Ditch No. 2 (WD?2) that feeds Whitewater Ditch No.2 seep (WD2S); Bostwick Canal
West Lateral (BCWL) that feeds the Loutsenhizer Area seeps; Sweitzer NE Garnet Canal
(SNGC) that feeds the seeps northeast of Sweitzer Lake; Sweitzer Lake (SL) that feeds Buen
Pastor Spring (BPS); Delta Reservoir (DR) that feeds Delta Reservoir Seep 1 (DRS1), Delta
Reservoir Seep 3 (DRS3), and Delta Reservoir Dam Spring (DRDS); and Daly Reservoir (DAR)
that feeds Daly Reservoir Spring 1 (DARS1) and Daly Reservoir Spring 2 (DARS2).
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Many of the seep locations were conspicuous by the presence of extensive white efflorescent salt
coatings on the ground surface. At a few locations, particularly those at the Sweitzer Lake Area
and Dutchmans Wash Seep, the efflorescence was intense and formed several acres of crystalline
salt crusts as much as one inch thick. Using samples collected from the West Salt Creek
watershed near Grand Junction, Colorado, and the Miller Creek watershed near Price, Utah,
Whittig et al. (1982) identified the mineral assemblage in efflorescence as gypsum
(CaS04°2H,0), epsomite (MgSO4¢10H,0), hexahydrite (MgSO4*6H,0), pentahydrite
(MgS04°5H,0), starkeyite (MgSO4+4H,0), kieserite (MgSO4°H,0), loewite
(NasMg,(S04)425H,0), bloedite (Na;Mg(S04),°4H,0), mirabilite (Na,;SO410H,0), and
thenardite (Na,SO,). Bloedite, thenardite, and sideronatrite [Na,Fe(SO4),(OH) *3H,0] were
identified in efflorescent salts at DOE's Shiprock, New Mexico, disposal site (DOE 2000).

Shale beds were the source of the groundwater seeps, with the exception of nine locations. At
BAS, BSCS, BSCUS, CWCS, TWS, and YHS the groundwater issued from sandstone beds in
the Mancos Shale. At GRCRS, LGWS, and MS, groundwater issued from gravel alluvium. In the
following discussion, we refer to these nine sites as "sandstone" seeps.

Each location is described individually and organized alphabetically by region.
3.1 Delta, Colorado, Region

3.1.1 Delta Reservoir Area and Devil’s Thumb Area (Delta Reservoir Locations DR,
DRDS, DRS1, DRS3 and Devil’s Thumb Locations DTS1, DTS2, and DTS3)

Delta Reservoir (Figure 3) is located about 4 miles north of Delta, Colorado, and about 1 mile
north of Devil's Thumb Golf Course. Sources for historical information about these areas include
discussions with Mr. Andy Mitchell (City of Delta) and an unpublished report prepared by
Golder Associates for Delta County (Golder Associates 2004). Delta Reservoir occupies

3.2 acres and is fed by a pipe from Doughspoon Reservoir high on the southwest side of Grand
Mesa. Because Delta Reservoir is fed from the Grand Mesa, its water is pristine, as indicated by
our sample collected on November 8, 2010, that had a low specific conductance of 114 uS/cm.
Seeps DRS1 and DRS3 are located about 1,400 ft east of and hydraulically downgradient of
Delta Reservoir. Seep DRS3 (Figure 3) emerges from the side of a steep hillside outcrop where
two lines of tamarisks mark seepage (Figure 4). To reach seeps DRS1 and DRS3, the water must
recharge into the Mancos Shale beneath Delta Reservoir and then travel along fractures and
bedding planes. Several bentonite layers are present in the Mancos that appear to exert local
control on the groundwater flow. The seeps sampled at DRS1 and DRS3 occur just above
bentonite beds and had specific conductivity values of 27,250 and 22,840 uS/cm, respectively.
Sampling location DRDS was established just downstream of the Delta Reservoir dam where
water flowed down a small stream at more than a few gpm. The water emerging at DRDS would
have had minimal residence time in the dam material, which appeared to be composed of
alluvium and broken-up Mancos bedrock.
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Figure 3. Delta Reservoir Area and Sampling Locations

Figure 4. View Northeast Toward Two Lines of Tamarisk That Mark Seepage along Two Separate
Bentonite Beds. DRS3 is located just above the lower bentonite bed.
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Devil's Thumb Golf Course is about 3 miles north of Delta and was constructed in 2000

(Figure 5). Delta Reservoir was used as the water supply for the City of Delta through 1990, after
which the reservoir was drained and remained empty until 1998 when refilling was initiated to
supply water for the planned Devil's Thumb Golf Course. Images from Google Earth confirm
that the reservoir was dry in September 1993. Water was conveyed through pipes from Delta
Reservoir to four unlined ponds on the Devil's Thumb Golf Course starting in August 2000.
Initially, the course was irrigated with as much as 1 million gallons of water per day to establish
the turf.

Devilis Thumb
Golf Course
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Aerial Photo: 2009
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Figure 5. Devil's Thumb Golf Course Area and Sampling Locations

Shortly after the golf course opened, groundwater seeps started to appear in nearby areas. In
November 2001, USGS personnel sampled a seep at location USGS Seep 2, also referred to in
the NWIS database (USGS 2011a) as 384657108041901. This seep is 4,200 feet (ft) from the
Devil's Thumb Golf Course pond and receives groundwater that has flowed through the Mancos
Shale (Figure 5). Using the time period from the filling of the ponds in August 2000 to the first
documented seepage at USGS Seep 2 in November 2001 and a flow distance of 4,200 ft, we
estimated a minimum flow velocity through the shale of 8 ft per day. USGS Seep 2 was flowing
at about 9 gallons per minute (gpm) at the time of the USGS sampling and had high
concentrations of major ions, selenium, and uranium (Table 2). Concentration data for nitrate in
this seep were not available in the NWIS database (USGS 2011a).
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Table 2. Composition of Devil's Thumb USGS Seep 2 on November 28, 2001

Constituent Concentration Constituent Concentration
Sp. Conductance 26,000 uS/cm pH 7.9
Alkalinity 526 mg/L as CaCO; Selenium 18,700 ug/L
Calcium 435 mg/L Sulfate 12,900 mg/L
Magnesium 1,220 mg/L Chloride 1,240 mg/L
Sodium 5,730 mg/L Arsenic 1,020 pg/L
Potassium 38.3 mg/L Uranium 139 pg/L
Boron 634 ug/L Nitrate no value in NWIS

Source: USGS 2011a
pS/cm = microsiemens per centimeter

Largely because of the high selenium concentrations, efforts were undertaken by the City of
Delta to minimize seepage from the golf course ponds. The four ponds were consolidated into a
single, 2.9-acre pond prior to 2004. This larger pond (labeled "pond" on Figure 5) was lined with
bentonite, and later, polyacrylic acid potassium (PAM) was applied to slow the recharge. On
January 21, 2003, the seep was still flowing at a rate of about 14 gpm (USGS 2011a). A
photograph taken in 2003 by Kenneth Leib (written communication) of USGS indicated that the
seep had created a marsh area. Because neither the bentonite liner nor the PAM treatment was
successful in eliminating recharge from the pond, in 2004 the pond was lined with plastic. Soon
after the pond was lined with plastic, USGS Seep 2 dried up (Andy Mitchell, personal
communication). It was dry at the time of our study and had apparently been dry for some time
based on the difficulty we had in determining the location of the former marsh area. The rapid
loss of the seepage at USGS Seep 2 following the pond lining confirmed that the golf course
pond was the source of the seep water and that groundwater can move at high velocity through
the Mancos.

3.1.2 Point Creek Seep (Location PCS)

Point Creek Seep (PCS) is an isolated seep flowing from shale in the Mancos Shale along the
bank of Point Creek on the southwest flank of Grand Mesa about 9 miles northwest of Delta,
Colorado (Figure 1). It was identified as location 385043108112901 in the NWIS database and
was sampled by U.S. Bureau of Land Management personnel on April 18 and May 13, 1980, at
which times it had specific conductivities of 7,380 and 7,480 uS/cm, respectively (USGS 2011a).

Several days prior to sample collection, we placed a sampling pipe in the seep by hand digging.
At the time of sampling on November 8, 2010, the seep had a specific conductivity of

10,739 uS/cm. No obvious sources of surface water that might supply this seep were identified.
The area is remote and there is no irrigation in the vicinity.

3.1.3 Sweitzer Lake Area (Locations BPS, SL, SNGC, SNS, SNS1, SNS2, SNS3, SRP,
and US1)

Sweitzer Lake is located about 2 miles southeast of Delta, Colorado. The lake is fed from a
diversion ditch off the Garnet Canal on the east side of the lake (Butler et al. 1991). Sweitzer
Lake has long been known to have elevated concentrations of selenium. Butler et al. (1991)
reported selenium concentrations ranging from 5 to 45 ug/L in the lake water.
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Figure 6. Sampling Locations for Sweitzer Lake Area

We collected surface water samples from Sweitzer Lake at location SL and from the Garnet
Canal at location SNGC. At the time of sampling on November 4, 2010, the water level in the
Garnet Canal had dropped several feet from the week prior because it was near the end of the
irrigation season. Samples were collected from locations SNS, SNS1, SNS2, and SNS3 on
November 30, 2010, from hand-dug holes in a seepage area heavily encrusted with efflorescence
along a tributary draining into Sweitzer Lake about 1,000 ft northeast of the lake (Figure 6).
These seep samples had some of the highest concentrations of salts and trace metals of any
samples collected for our study, with specific conductivity values as high as 68,114 uS/cm, and
the water samples were deep yellow or red from dissolved organic carbon (DOC). Another seep
(US1) located about 750 ft east of Sweitzer Lake and cited in Thomas (2009) was sampled from
a hand-dug hole. A nearby pool of deep-red water (SRP) was also sampled. Buen Pastor Spring
(BPS) is located about 800 ft south of Sweitzer Lake and was sampled from a sampling pipe
placed about 2 ft into the ground.

3.1.4 Whitewater Area (Locations KCFS, WCTS, WCTSP1, WCTSP2, WD2, and WD2S)

The Whitewater Area is between Delta and Grand Junction, Colorado, about 6 miles southeast of
Grand Junction (Figure 7). Efflorescence is common over several square miles in the Whitewater
Area. Kannah Creek Flowline Spring (KCFS) was sampled in the nearly dry creek bed at the
farthest upstream point where water starts seeping into the drainage. Efflorescence was abundant
in the KCFS seepage area, and the specific conductivity was 26,250 uS/cm. Another seep
(WD2S), located adjacent to U.S. Highway 50, had an unusually low pH of 4.15 and a specific
conductivity of 14,285 uS/cm. Water supplying seep WD2S was sampled at location WD2 from
Whitewater Ditch No. 2, which runs nearly parallel to U.S. Highway 50. As with location KCFS,
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the vicinity at and near WD2S and WD2 had an extensive cover of efflorescence. A third seep
(WCTS) was sampled in a tributary to Whitewater Creek. Specific conductivity of this seep was
not measured, but samples from two nearby pools at locations WCTSP1 and WCTSP2 that were
fed from the seep had high specific conductivity values of 47,655 and 67,474 uS/cm,
respectively. This area is also characterized by widespread efflorescence.
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Figure 7. Sampling Locations at the Whitewater Area

3.2 Green River, Utah, Region
3.2.1 Cisco Area (Locations CAS, CIS, CWC, and S36)

Location CAS is at Cato Springs about 42 miles east-northeast of Green River, Utah, and about
10 miles north of the unincorporated community of Cisco, Utah (Figure 1). The spring issued
from a stream bank and was marked by red ferric oxyhydroxide deposits having a slimy
appearance that might have been due to the presence of algae (Figure 8). This red coloration is
distinctly different from the dissolved red coloration at some locations that is caused by DOC,
such as at location HGS in the Montrose, Colorado, Region (Figure 9). The precipitates formed
from reduced groundwater carrying ferrous iron at a concentration of 2.03 milligrams per liter
(mg/L) that was exposed to atmospheric oxygen at the spring. The sample from CAS was
collected from a hand-dug hole and had a relatively low specific conductivity of 2,184 uS/cm.
A stream sample was collected at location CWC in Cottonwood Wash about 30 ft from
location CAS.
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Figure 9. Red Pool of Water Formed from Seep at Houston Gulch.
The red color is caused by dissolved organic carbon.
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Seep location CIS was at Cisco Springs, about 3 miles southwest of Cato Springs. The seep is in
a wash adjacent to outcrops of gray shale in the Mancos. Cattails are prominent in the immediate
area of the sampling location and a prominent tamarisk stand was present about 100 ft upstream.
The sample was collected from a pool in the stream bank and had a specific conductivity of
3,947 uS/cm.

Section 36 Seep (S36) is located about 200 ft south of Interstate 70 (I-70) and about 5 miles
southwest of Cisco, Utah (Figure 1). The sample was collected from a hand-dug hole in the bank
of a drainage that appeared to have been straightened during construction of I-70. Shale beds of
the Mancos Shale underlie the area, and it was apparent that the seepage had originated in the
Mancos. However, the sampling hole did not quite reach bedrock and was terminated in
colluvium. Efflorescence coated much of the streambed. The sample, collected on

November 11, 2010, had a specific conductivity of 24,522 uS/cm.

3.2.2 Daly Reservoir Area and Browns Wash Seep (Locations BWS, DAR, DARSI,
and DARS2)

Daly Reservoir in Grand County, Utah, was built for range improvement in April 1983 (verbal
communication from Becky Dolittle, Moab Field Office, U.S. Bureau of Land Management). It
fills from an unnamed drainage that drains northwest to Browns Wash and has an area of

2.4 acres. Daly Reservoir was sampled from the dam at location DAR, and had a specific
conductance of 1,720 uS/cm. Daly Reservoir Springs 1 and 2 (DARS1 and DARS2) were
sampled at locations 230 and 360 ft from the reservoir, respectively (Figure 10). The springs
were flowing from an embankment of gray shale of the Mancos into a small arroyo. Samples
were collected from hand-dug holes in the bank of the arroyo. Efflorescence was abundant on the
banks and in the bottom of the arroyo. Specific conductivity values in samples from seeps
DARSI and DARS2 were 9,187 and 15,377 uS/cm, respectively.

Sampling location Browns Wash Seep (BWS) is about 1.4 mile northeast of Daly Reservoir
(Figure 1). Much of Browns Wash near BWS is eroded down to shale of the Mancos bedrock,
but portions are covered by thin bars and lenses of alluvial gravel. Browns Wash Seep (BWS)
was sampled from a sampling pipe emplaced about 1 ft deep in an alluvial lens. The sample had
a specific conductivity of 10,798 uS/cm. Efflorescence in this area was minimal.

3.2.3 Floy Wash Area (Locations ETFW, ETFWD, UFWS, UFWS1, UFWS2,
and WFFW)

West Fork Floy Wash (WFFW) is about 4 miles northeast of exit 175 on I-70 (Figure 1). The
entire area is underlain by shale of the Mancos, and seepage appeared to be emanating from a
series of locations along the wash. Specific conductivity was measured at six locations in pools
along a 1,000 ft stretch of the wash; values ranged from 6,000 to 22,000 uS/cm. Pools with high
specific conductivity had a yellow color. One sample from one pool (WFFW) was analyzed only
for uranium, and it had a uranium concentration of 57.4 ug/L.
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Figure 10. Sampling Locations at Daly Reservoir

Locations East Tributary Floy Wash (ETFW) and Upper Floy Wash Spring (UFWS) are about

1 mile south of location WFFW (Figure 1). Location ETFW was at the farthest upstream
appearance of water in the wash, and although mostly concealed, it was probably formed from a
seep. The pools that formed were red from precipitation of ferric iron, and cattails were
abundant. Specific conductivity of the water at ETFW was 21,315 puS/cm, and specific
conductivity in a pool about 50 ft downstream (location ETFWD) was 6,300 uS/cm. Samples
were collected from a sampling pipe inserted about 2 ft into the ground at location UFWS, and
the water had a specific conductivity of 6,514 uS/cm. Water in both of two hand-dug, 1 ft deep
holes located 30 ft (UFWS1) and 50 ft (UFWS2) downstream had a specific conductivity of
2,236 puS/cm. Sediment in these holes was black and had an odor that indicated chemical
reduction. Ferric iron coated portions of the stream and was likely derived from dissolved ferrous
iron that had oxidized as it contacted the atmosphere at the seeps.

3.2.4 Green River Canal Return Seep (Location GRCRS)

This seep is referred to as SP-3 in Gerner et al. (2006) and is shown on Figure 1. USGS
personnel collected samples from the seep between June and September 2004 to help determine
salt loading from agricultural practices in the Green River, Utah, area (Gerner et al. 2000).
Dissolved solids concentrations in the USGS samples ranged from 4,280 to 4,640 mg/L; our
sample collected on November 11, 2010, had a specific conductivity of 3,847 uS/cm.
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The seep is located on the bank of an irrigation return canal about 850 ft from its entry to the east
side of the Green River. The sample was collected from a 2 ft deep hole that was dug by hand
into the bank of the canal. Lithologic relationships are somewhat concealed, but the seep appears
to result from water that had infiltrated from the canal to the Green River floodplain alluvium
and then surfaced at or near the contact with the underlying Mancos Shale bedrock. Thus, the
chemistry of this seep may be influenced by contact with both alluvium and Mancos Shale, and
by irrigation.

3.2.5 Little Grand Wash (Locations LGW and LGWS)

The seep sample from site LGWS was collected from a sampling pipe inserted about 1.5 ft into
the stream bank of Little Grand Wash (Figure 1). A stream sample was collected 2 ft from the
seep in a pool composed mostly of seep water. The stream was partially frozen and was flowing
at less than 1 gpm. The stream sample could have been affected by exclusion of some ions from
the ice during freezing. Specific conductivity values measured on November 12, 2010, for the
seep and wash samples were 1,637 and 1,326 uS/cm. respectively.

The seep appears to result from water that flowed through Little Grand Wash alluvium and then
surfaced at or near the contact with the underlying Lower Blue Gate Member of Mancos Shale
bedrock. Thus, the chemistry of the seep could be influenced by contact with both alluvium and
Mancos Shale.

3.3 Hanksville, Utah, Region
3.3.1 Town Wash Spring (Locations TWS and TWSP)

Town Wash Spring location TWS is in the Henry Mountains Basin about 9 miles southwest of
Hanksville, Utah, (Figure 1) and is listed in the NWIS database as location 381721110505401
(USGS 2011a). The sample from location TWS was collected from a 2 ft deep sampling pipe. At
the time of our sampling on November 17, 2010, the specific conductivity was 10,018 uS/cm. A
pool, sampled at location TWSP in Town Wash about 20 ft south of the TWS sampling pipe, had
a specific conductivity of 5,630 uS/cm. Water emerging at the spring originated from flow
through sandstone in the Ferron Sandstone Member of the Mancos at the contact with the
underlying Tununk Member of the Mancos Shale.

3.3.2 Cottonwood Creek Spring (Location CWCS)

Cottonwood Creek Spring location CWCS is in the Henry Mountains Basin about 9 miles
southwest of Hanksville, Utah, (Figure 1) and is listed in the NWIS database as

location 381739110513801 (USGS 2011a). The sample from location CWCS was collected from
a small pool that was fed from the seep. At the time of our sampling on November 17, 2010, the
specific conductivity was 5,965 uS/cm. Water emerging at the spring originated from flow
through sandstone in the Ferron Sandstone Member of the Mancos at the contact with the
underlying Tununk Member of the Mancos Shale.
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3.3.3 Bert Avery Spring (Location BAS)

Bert Avery Spring location BAS is in the Henry Mountains Basin about 9 miles southwest of
Hanksville, Utah, (Figure 1) and is listed in the NWIS database as location 381603110491901
(USGS 2011a). The sample from location BAS was collected from a 2 ft deep sampling

pipe placed at the base of a 30 ft thick sandstone cliff. At the time of our sampling on
November 17, 2010, the specific conductivity was 418 uS/cm. Water emerging at the spring
originated from flow through sandstone in the Ferron Sandstone Member of the Mancos at the
contact with the underlying Tununk Member of the Mancos Shale.

3.3.4 Bitter Spring Creek (Locations BSCS and BSCUS)

Bitter Spring Creek Seep location BSCS (Figure 1) is southwest of the Henry Mountains in the
Henry Mountains Basin about 400 ft east of the Capitol Reef National Park boundary. It is listed
in the NWIS database as location 375458111011901 (USGS 2011a). The spring sample at
location BSCS was collected from a sampling pipe near the base of a massive sandstone bed in
the Emery Sandstone Member of the Mancos Shale. The spring water was depositing iron oxide
on the rocks and streambed. Our sample, collected November 18, 2010, had a specific
conductivity of 2,037 uS/cm. The upper spring sample at location BSCUS was collected from a
shallow stream pool at the farthest upgradient location of seepage and had a specific conductivity
of 1,079 uS/cm. This area is characterized by steep sandstone cliffs, and the intermittent stream
has formed a series of falls up to 20 ft high. The groundwater flows through sandstone in the
Emery Sandstone Member of the Mancos, and the springs emerge near the base of the Emery
Sandstone at the contact with the underlying Blue Gate Member of the Mancos Shale.

3.4 Montrose, Colorado, Region
3.4.1 Cerro Summit Area (Locations CCS, HGS, HGSE, and HGRP)

Cedar Creek Seep location CCS is about 70 ft south of U.S. Highway 50 and about 2 miles
northwest of Cerro Summit (Figure 11). The seep flows from the north side of a dirt road from
the Highway 50 embankment, and efflorescence is apparent (Figure 11 inset). The groundwater
sample was collected from a hand-dug hole in the highest-elevation portion of the seepage area.
The water had a dark-yellow color and a specific conductivity of 16,409 uS/cm. The radon-222
concentration was 1,625 picocuries per liter (pCi/L), which was the highest value measured in
our study. The source of the water feeding the seep was not determined.

Location HGS (Figure 11) in Houston Gulch is along Highway 50 about 1.7 miles northwest of
location CCS and about 100 ft north of the highway. The sample was collected from a sampling
pipe inserted about 1.5 ft into the seepage area. Groundwater issuing from the seep was red due
to DOC and had a specific conductivity of 22,790 uS/cm. Sampling location HGSE was a hand-
dug hole 30 ft southeast of HGS. The groundwater at location HGSE was also red and had a
specific conductivity of 21,658 uS/cm. Red water flowed from the seepage area down a small
stream (Figure 9). The stream at location HGRP had a specific conductivity of 45,645 puS/cm.
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Figure 11. Sampling Locations at Cerro Summit Area. Inset is a September 28, 2010, photo of Cedar
Creek Seep.

3.4.2 Loutsenhizer Arroyo Area (Locations BCWL, LOUT3, LOUTS, LOUTY9, LOUT11,
LOUT11W, LOUTI12L, LOUT12U, LOUT13, LOUT14)

According to the USGS 1:24,000 topographic map of the Olathe quadrangle, the main portion of
Loutsenhizer Arroyo runs northwest along the eastern side of the Uncompahgre River valley
floor starting about 5 miles north of Montrose, Colorado. Our sampling was conducted in one of
the upper reaches of Loutsenhizer Arroyo, which is unnamed on the USGS topographic maps but
is referred to as South Branch of Louzenhizer [sic] Arroyo by Butler and Leib (2002). For ease
of discussion, we will use the name Loutsenhizer Arroyo to refer to the South Branch and its
tributaries in the area of our sampling (Figure 12). Bostwick Canal runs along the upper reach of
Loutsenhizer Arroyo (Figure 12) and is likely the source for the seepage in the arroyo. Location
BCWL, on the West Lateral of the Bostwick Canal with a similar water supply, had a specific
conductivity of 197 uS/cm.
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Figure 12. Sampling Locations at Loutsenhizer Arroyo Area and Location of the West Lateral of Bostwick
Canal (labeled Bostwick Canal). Insert photo is LOUT8 seep looking southwest.

A spring with a high uranium concentration of 113.8 pg/L was discovered on

September 26, 1977, during sampling for the NURE program in the Montrose 1° x 2° quadrangle
(Broxton et al. 1979). Additional chemical data for this seep, from samples collected on

May 15, 2000, are available in the NWIS database where it is listed as "Upper Seep, S. Branch
Loutsenhizer Arroyo" with the index number 383307107464701 (USGS 2011a). On this date it
had a specific conductivity of 10,600 uS/cm. The NWIS (USGS 2011a) database lists another
seep in Loutsenhizer Arroyo as "Lower Seep, S. Branch Loutsenhizer Arroyo" with the index
number 383242107470402 that has data for October 5, 2000, at which time the specific
conductivity was 42,800 uS/cm. Our locations LOUT9 and LOUTS are the same as the NWIS
(USGS 2011a) locations Upper Seep and Lower Seep, respectively.

Efflorescence was common at the Lower seep, LOUT8 (Figure 12, inset), but efflorescence was
minimal at LOUT9. Samples collected from locations LOUT9 and LOUTS on

November 4, 2010, had specific conductivity values of 8,844 and 22,130 puS/cm, respectively.
Location LOUT11 was sampled from a shallow, hand-dug hole in a small tributary to
Loutsenhizer Arroyo, and location LOUT11W was in the wash about 9 ft away. Samples of
LOUTI11 and LOUT11W had specific conductivity values of 11,600 and 315 puS/cm,
respectively. Location LOUT12U was a seep dripping from a plant rootlet bedded in gray shale
in a small ravine on the side of a steep Mancos hillside. Another seep was sampled at location
LOUTI2L near the bottom of the same ravine as LOUT12U, near where the ravine intersected
the main arroyo. Specific conductivity values for samples at LOUT12U and LOUTI12L were
5,190 and 6,220 pS/cm, respectively. Locations LOUT13 and LOUT14 were downstream from
LOUT11 in the same tributary and were sampled to test chemical variability along the tributary.
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Seep water measured in hand-dug holes at locations LOUT13 and LOUT14 had specific
conductivity values of 5,880 and 17,700 uS/cm, respectively. Seep location LOUT3 was farther
down the tributary and was sampled from a sampling pipe in a grassy area where seepage
emerged from the Mancos Shale. Specific conductivity at this location was 15,330 uS/cm.

3.5 Price, Utah, Region
3.5.1 Mud Spring (Location MS)

At location MS, clear water was flowing up and out of an existing vertical PVC pipe, and the
sample was collected by pumping water from the pipe. The spring is listed as Mud Spring on the
USGS 1:24,000 map of the Sunnyside Junction quadrangle and is listed in the NWIS database as
location 393103110315901 (USGS 2011a) (Figure 1). The site had plumbing that appeared to
have been used to convey water from the spring to animal feeding areas, indicating that the
spring had been flowing for some time. Specific conductivity measured on November 16, 2010,
was 1,659 uS/cm. This spring appears to result from groundwater flowing through the alluvial
fan extending outward (westward) from the mouth of Whitmore Canyon at the base of the Book
Cliffs. Mud Spring is one of many springs in the area where groundwater emerges from the

base of the alluvial fan material at the contact of the pediment surface on the underlying

Mancos Shale.

3.5.2 Dutchmans Wash Seep and Blue Gate Spring (Locations DWS, BGS)

Dutchmans Wash Seep is located about 27 miles southwest of Price, Utah, on the western slope
of the San Rafael Swell (Figure 1). The sampling location (DWS) was within a large, flat, open
area with abundant efflorescence. Irrigated areas are nearby to the northwest, but it is unclear
whether they supply water to this area. Specific conductivity of the seep water was 48,519 uS/cm
on November 16, 2010.

Blue Gate Spring (BGS) is located about one mile east of location DWS and is listed in the
NWIS database as site 391315110570301. The seep issues from the dark-gray shale of the
Blue Gate Member and had a sulfurous odor. Ferric oxide deposits were visible along the
seepage area. Specific conductivity of the seep water was 6,203 uS/cm on November 16, 2010.

3.5.3 Mathis Wash Seep (Location MWS)

Location MWS is about 11 miles south of Price, Utah, and is about 20 ft west of Upper
Miller Creek Road (Figure 1). This location is within a large, irrigated area with abundant
efflorescence. Specific conductivity of the seep water was high at 70,002 pS/cm on
November 16, 2010. A 6-ft diameter pool of yellow-colored water on the opposite (east) side
of Miller Creek Road had a specific conductivity of 53,800 uS/cm.
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3.6  Shiprock, New Mexico, Region
3.6.1 Ditch 9 Spring (Location D9S)

Location D9S is about 375 ft west of Farm Road within a marshy area that extends about 75 ft
along the base of a steep shale hill of Mancos bedrock (Figure 13). On December 2, 2010, the
spring water had a specific conductivity of 4,045 uS/cm. Samples were collected from a hole
hand dug about 2 ft into the weathered Mancos. Scattered areas of efflorescence are in the
vicinity of the spring.
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Figure 13. Sampling Locations in the Shiprock Area.

3.6.2 Many Devils Wash (Location EF-22)

Many Devils Wash is an arroyo that feeds into the San Juan River about 1.5 miles south of
Shiprock, New Mexico. The wash is within about 0.5 mile of DOE's Shiprock uranium mill
tailings disposal site, and DOE is currently remediating a portion of the wash by pumping
groundwater and surface water to an evaporation pond (Figure 13). Groundwater with specific
conductivity values ranging from about 20,000 to 35,000 uS/cm enters Many Devils Wash from
seepage from a tributary called the East Fork (DOE 2000) at a relatively constant flow rate,
estimated visually as 1 gpm. The seepage contains elevated concentrations of sulfate, nitrate,
selenium, and uranium and is thought to originate as infiltration to groundwater derived from the
uranium milling (DOE 2000). Because the suite of contaminants is similar to that observed as
natural contamination from the Mancos Shale, it is reasonable to suggest that some or all of the
contamination may be of a natural origin instead of related solely to the mill site.
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Location EF-22 is in East Fork about 100 ft from its confluence with Many Devils Wash
(Figure 13). A sample was collected at this location from a sampling pipe inserted to a depth of
2 ft. The area of East Fork about 50 ft downstream of EF-22 is saturated most of the time; thus,
location EF-22 is near the surface emergence of the groundwater system. The area is often
covered by efflorescence. This is the only site sampled during the study that is located relatively
close (0.5 mile) to a known source of anthropogenic uranium contamination.

3.6.3 Salt Creek Wash Seep (Location SCWS)

Sampling location SCWS is about 4 miles northeast of Shiprock, New Mexico (Figure 13). The
sample was collected from the first upstream appearance of water along Salt Creek Wash where
the wash is bounded on both sides by shale outcrops of Mancos. The shale is weathered to a
reddish orange color on the surface in places but still contains scattered black organic material.
The sample was collected from a hole dug by hand to a depth of about 2 ft within the wash where
the water was issuing from the shale. The water was saline with a specific conductivity of
48,639 uS/cm. Where the water pooled in the arroyo bed, it had a yellow to red color and a DOC
concentration of 183 mg/L.

The source of the groundwater feeding SCWS was not identified; the site is in a remote area and
there are no obvious nearby reservoirs, canals, or other standing bodies of water. Location
SCWS is in the vicinity of the Salt Creek Dakota Oil Field and at least 47 test holes have been
drilled within 1 mile of the sampling location, many of them hydraulically upgradient. Some of
these test holes became oil wells that produce from a depth of about 1,100 ft in the Cretaceous
Dakota Sandstone, just below the Mancos Shale (Jacobs and Fagrelius 1978). If any of these
wells were incompletely sealed, groundwater could have migrated to the seeps from

deeper horizons.

3.6.4 Upper Eagle Nest Arroyo Spring (Location UENAS)

Upper Eagle Nest Arroyo is about 7 miles northeast of Shiprock, New Mexico, and runs
subparallel to and about 2 miles west of The Hogback, a monocline where rocks dip steeply
eastward into the San Juan Basin. At sampling location UENAS (Figure 13), the arroyo has
incised the Mancos Shale bedrock, which consists of siltstone and shale. The sample was
collected in a hand-dug hole at a depth of about 1 ft into the arroyo bed and had a specific
conductivity of 26,607 uS/cm. The sample was unusual in that it had a low color index of only
24 color units but having a high DOC value of 161 mg/L. No source of water was identified for
the spring, because it is remote and far from irrigation, reservoirs, canals, and oil wells.

3.6.5 Yucca House Spring (Location YHS)

Yucca House Spring (YHS) is located about 30 miles north of Shiprock, New Mexico, and about
10 miles south of Cortez, Colorado, (Figure 1) and is within the boundary of Yucca House
National Monument, one of the largest archeological sites in southwest Colorado (NPS 2011).
Ancestral Puebloan people used water from the spring from A.D. 1150 to 1300 (NPS 2011).

The site is listed in the NWIS database as location 371500108410801 (USGS 2011a). At the time
of our sampling on December 1, 2010, the specific conductivity was 1,442 uS/cm, and the spring
was estimated to be flowing at 0.2 to 0.5 gpm. Wright (2006) reported specific conductivity
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values ranging from 1,260 to 2,050 uS/cm for water sampled from Yucca House Spring during
four sampling events from September 2002 to September 2003. During this time, Wright (2006)
measured spring discharge at 0.45 to 0.90 gpm, and uranium concentrations ranged from 7.46 to
13.1 pg/L. Wright (2006) also measured a uranium concentration of 485 pg/L in a surface water
sample collected from Navajo Wash 0.5 miles to the east.

Although partially concealed, the spring water appea