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BASELINE WATER QUALITY AND ESTIMATED
QUANTITY FOR SELECTED SITES IN THE
SOUTHEASTERN UINTA BASIN, UTAH

by Janae Wallace

ABSTRACT

The southeastern portion of the Uinta Basin, Utah, gener-
ally lacks sufficient water-quality data to characterize the
area’s surface water and relatively shallow groundwater.
To establish a baseline of water quality, the Utah Geologi-
cal Survey (UGS) collected biannual water samples over a
three-year period from near-surface aquifers and surface
sites. Groundwater from greater depths in the oil and gas-
producing zones (e.g., Wasatch and Mesaverde Forma-
tions) is well known and was not the focus of this study. The
near-surface and relatively shallow groundwater quality
information will help in the development of environmen-
tally sound water-management solutions for a possible
future oil shale and oil sands industry and help assess the
sensitivity of the alluvial and near-surface bedrock aqui-
fers on U.S. Bureau of Land Management land having oil
shale development potential. A minor component of this
study was to try to quantify the volume of water in aquifers
in the southeastern Uinta Basin, especially for the thinly
mantled and disconnected alluvial aquifers and the Birds
Nest and Douglas Creek aquifers with the understanding
that creating a groundwater flow model and perform-
ing aquifer tests on wells are beyond the scope of study.
U.S. Geological Survey online data and information from
previous studies provide the best estimates for storativ-
ity in these aquifers. For the alluvial aquifers, the volume
of recoverable water in storage is estimated at 200,000
acre-feet. Based on a saturated thickness range of 200 to
1000 feet, estimated water quantity for the Douglas Creek
ranges from 60,000 to 300,000 cubic meters per hectacre.
The Birds Nest aquifer is estimated to range from 33 to
110 feet thick with an estimated water quantity range of
25,000 to about 84,000 cubic meters per hectacre.

During spring and autumn of 2009 and 2010, and spring
and summer of 2011, the UGS collected 85 water samples
from up to 24 water wells and surface-water sites. A suite
of water-quality constituents were analyzed including
general chemistry (including total dissolved solids), nu-
trients (including nitrate, phosphorous, and ammonia),
dissolved metals (including arsenic, lead, iron, and boron),
and volatile organic compounds (VOCs). Total-dissolved-
solids concentrations for all samples range from 172 to
2832 mg/L and nitrate concentrations range from <0.1 to
18.8 mg/L for all sampling seasons. Dissolved-solids con-
centrations were highest from Evacuation Creek during

spring 2009 and lowest during flood stages in spring 2010
from the Green River near Ouray, Utah. Most sites have ni-
trate concentrations below 0.1 mg/L (the detection limit)
with the exception of alluvial wells in the northwestern
part of the study area downgradient from irrigated fields
and a large cattle operation, and one bedrock well in the
central part of the study area. Some samples had detect-
able VOCs, but all were below the U.S. Environmental Pro-
tection Agency’s maximum contaminant levels. Seasonal
change in water chemistry is minimal for most sites.

Potential water-quality degradation may result from an in-
crease in mining activity/energy resource development if
sound water management practices are not implemented.
This regional baseline water study provides GIS-based in-
formation to help local planners and potential developers
preserve the quality of groundwater and surface water by
establishing best management practices through careful
land-use planning.

INTRODUCTION

With the continued demand for U.S. derived energy
products, research and development for unconventional
sources of oil and gas has increased, including research
geared towards unlocking the vast oil shale and oil sand
resources of the Uinta Basin (figures 1, 2, and 3). In par-
ticular, the southeastern Uinta Basin has been recognized
by the U.S. Bureau of Land Management (BLM) as having
oil shale development potential; however, this area gener-
ally lacks sufficient water-quality data to characterize the
area’s surface water and relatively shallow groundwater.
The primary objective in this study is to establish baseline
water quality in these areas.

Various proposals have been submitted by energy compa-
nies (Enefit American Oil, Red Leaf Resources, and U.S. Oil
Sands) to develop unconventional energy resources in the
area. Enefit American Oil is looking to develop an extensive
surface/underground oil shale mine and surface retort on
private land near the old town site of Watson. Enefit’s com-
mercial goal is to produce 50,000 barrels of shale oil per
day, which will require mining between 25 and 30 million
tons of shale a year (Enefit American Oil, 2012). This op-
eration will also require significant disposal of spent shale.
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Red Leaf Resources plans to use their unique surface mine
and capsule retort technology to produce oil from oil shale
on state land in the southern portion of the study area (T.
13 S, R. 23 E,, Salt Lake Base Line and Meridian). Their
commercial goal is to produce 9500 barrels of oil per day
from several capsules running simultaneously (more in-
formation on Red Leaf’s unique technology can be found
on their website) (Red Leaf Resources, 2012). Reclama-
tion will include sealing the spent shale within the capsule
retort. U.S. Oil Sands is an energy development company
looking to produce oil from oil sands in the PR Spring area
near the southern border of Uintah County (southern por-
tion of the study area). Their proposal is to surface mine
the oil sand and use a bio-solvent to extract the bitumen,
disposing the leftover sand into lined disposal pits (U.S. Oil
Sands, 2012).

The information collected in this study will help regula-
tors develop environmentally sound water-management
solutions for a possible oil shale and/or oil sand industry
by assessing the sensitivity of the alluvial and near-surface
bedrock aquifers on BLM lands having oil shale develop-
ment potential in the southeastern Uinta Basin.

A second objective of this study is to estimate the volume
of water in aquifers in the southeastern Uinta Basin, es-
pecially for the thinly mantled and disconnected alluvial
aquifers and within the Green River Formation. Creating a
groundwater flow model and performing aquifer tests on
wells are beyond the scope of this study and are cost/time
prohibitive, hence U.S. Geological Survey data provide
the best estimate of storativity in these aquifers based on
their easily accessed data provided online (U.S. Geologi-
cal Survey, 2011) and information from previous studies
(Holmes, 1980; Holmes and Kimball, 1987) within the
Uinta Basin in Utah, dominantly in the southeastern part
of the basin.

PREVIOUS WORK

Hydrogeology

Groundwater in the Uinta Basin occurs in both unconsoli-
dated valley-fill material and consolidated rocks. In the
southeastern Uinta Basin, the principal productive con-
solidated aquifers are in the Green River and Wasatch For-
mations (Holmes, 1980). Price and Miller (1975) provided
a reconnaissance of groundwater conditions in the south-
ern Uinta Basin. Water is generally under water-table
conditions in the unconsolidated deposits and under con-
fined conditions in the consolidated aquifers. Estimates
of recharge in the southern Uinta Basin for the 1935-70
period was 120,000 acre-feet per year (including inflow
from imported water) and 118,000 acre-feet per year for
discharge (Price and Miller, 1975). A later study indicated

the amount of recharge basin-wide was 630,000 acre-feet
per year, with only 20% of the recharge derived from the
southern half of the basin (Holmes, 1980). Most recharge
generally occurs during winter when more widespread and
longer-duration snowstorms occur; due to the dominant
fine-grained nature and low permeability of recharge-area
rocks and slow percolation rates, about 3% of estimated
average annual precipitation (~100,00 acre-feet) becomes
groundwater recharge (Price and Miller, 1975).

Groundwater discharge was estimated to be the same as
recharge (Holmes and Kimball, 1987), with discharge in
the southeastern Uinta Basin from the alluvial aquifers,
mostly within valley drainages of the Green and White
Rivers and their tributaries. Most discharge is to streams,
springs, evapotranspiration, and withdrawal from wells.
The hydrologic budgets for the alluvial aquifer and the
bedrock aquifers within the Green River Formation vary
(Holmes and Kimball, 1987). Recharge for the Doug-
las Creek aquifer is from precipitation and inflow from
streams. For the Birds Nest aquifer and alluvial aquifer,
most recharge is from infiltration of streams and for the
Birds Nest aquifer, recharge is also from leakage from the
overlying Uinta Formation. The alluvial aquifer also re-
ceives recharge locally from leakage from the underlying
consolidated aquifer. Water leaves the basin by transbasin
outflow in the Green River and from diversions to the Great
Basin region (Holmes, 1980). Groundwater movement in
both unconsolidated and consolidated aquifers typically
follows the slope and direction of the major streams (e.g.,
Strawberry, Duchesne, Green, and White Rivers) (Price
and Miller, 1975). The total volume of water consumed in
the entire Uinta Basin is the difference between surface-
water inflow combined with precipitation and the sur-
face-water outflow plus the diversions to the Great Basin.
The volume of water consumption in 1985 was about 7.4
million acre-feet (Holmes, 1980); today, annual consump-
tion is most likely greater due to an increased number of
water users. For the alluvial aquifers in the southeastern
Uinta Basin, the estimated volume of recoverable water in
storage is about 200,000 acre-feet, with maximum yields
for individual wells at less than 1000 gallons per minute
(Holmes and Kimball, 1987).

A 1987 study by the U.S. Geological Survey (USGS) on
groundwater in the southeastern Uinta Basin examined
water quality from the alluvial and bedrock aquifers (Birds
Nest and Douglas Creek aquifers within the Green River
Formation). Holmes and Kimball (1987) documented
variable water quality throughout the southeastern Uinta
Basin; their data are from the easternmost part of the
study area. Total-dissolved-solids (TDS) concentrations
ranged from 440 to 27,800 mg/L for water in the alluvial
aquifers, from 870 to 5810 mg/L in the eastern portion of
the Birds Nest aquifer (much higher salinities are found
in the western Birds Nest), and from 640 to 6100 mg/L in
the Douglas Creek aquifer. They attributed the changes in



water quality to several physiochemical processes that in-
clude mineral precipitation and dissolution, oxidation and
reduction, mixing, ion exchange, and evaporative concen-
tration. Water quality is much poorer in the alluvial aqui-
fers than in the bedrock aquifers. Based on 72 samples
from four alluvial aquifers in the southeastern Uinta Basin,
average TDS was 5432 mg/L. Average TDS concentration
for the eastern Birds Nest aquifer, based on water from 80
samples, was 2700 mg/L, while average TDS for the Doug-
las Creek aquifer was 1098 mg/L from 12 samples. Water
quality in the deeper part of the basin, especially in the
Birds Nest aquifer, has TDS concentrations of more than
100,000 mg/L (Anderson and others, 2012).

Another study in the northwestern Uinta Basin, within the
Altamont-Bluebell oil and natural gas field, examined the
impact on drinking-water wells from injection of waste-
water from oil and gas wells into deeper parts of the aqui-
fer (Steiger, 2007). Twenty monitoring wells penetrating
alluvial and/or shallow bedrock aquifers of the Duchesne
River and Uinta Formations were analyzed for water qual-
ity with emphasis on bromide, chloride, and stable iso-
topes (*®0 and ?H). The study monitored the wells on a
rotating basis from 1993 to 2004 to determine whether
saline water disposed in the deeper aquifers (3100 to
10,500 feet below the surface) was having an influence
on the shallow aquifers. Any increase in either bromide or
chloride concentrations in the monitoring wells over time
could indicate mixing of the two waters. No indication of
mixing based on these two constituents was documented;
stable isotopes from the shallow wells plotted on or near
the meteoric water line compared to the deep aquifer
wells, which plotted well below the meteoric water line.
Based on these chemical results, the study showed that the
deeper groundwater was not reaching the drinking-water
aquifers (Steiger;, 2007). The same would be expected in
the southeastern part of the basin. Water disposed in deep
oil and gas-producing zones is unlikely to migrate to allu-
vial or near-surface aquifers.

More recently, Kenney and others (2009) evaluated water
quality in the greater Upper Colorado River Basin, includ-
ing the rivers and tributaries within the Uinta Basin, to de-
termine the impact of land-use practices on water quality,
with emphasis on dissolved solids. Using a Spatially Refer-
enced Regressions on Watershed Attributes (SPARROW)
model, Kenney and others (2009) compared relative con-
tributions of dissolved solids from natural sources, agri-
cultural practices, and industrial development (oil and gas
fields). The USGS SPARROW surface water-quality model
relates measured chemical constituent transport at moni-
toring stations to upland catchment attributes (Kenney
and others, 2009). Based only on measured dissolved sol-
ids in rivers and streams, Kenney and others (2009) con-
cluded the greatest source of TDS is from natural geologic
sources and agricultural practices, while the contribution
from the oil and gas industry is statistically insignificant.

Utah Geological Survey

Previous Water-Quality Data

Previous water-quality studies in the southeastern Uinta
Basin on land designated by the BLM as having oil shale
development potential are mainly based on data from
oil and gas wells that were sampled for water during the
drilling phase of well installation. To augment data for this
study, several oil and gas operators provided data (figures
2 and 3) from hundreds of oil/gas wells (appendix A; fig-
ures 4, and 5). In addition, a previous study by Zhang and
others (2009) provided water-quality data from 57 wells
and several different formations; their data are summa-
rized on figure 6. Water-quality data were also compiled
by the Utah Geological Survey (UGS) for springs and wells
sampled during the 1970s (Wally Gwynn, written commu-
nication, May 2009). In 1970, the USGS drilled six moni-
toring wells in the shallow alluvial aquifer and Green River
Formation in areas considered for oil shale development,
and reported water-quality data from the Douglas Creek
and Birds Nest aquifers (Holmes, 1980; appendix B).

Water chemistry data from the Birds Nest aquifer (~200
oil/gas wells, oil shale wells, and disposal wells) have TDS
values that range from 1100 to 205,286 mg/L with 35% of
the wells having TDS less than 3000 mg/L (mainly in the
southeast), 28% between 3000 and 10,000 mg/L (south
and east), and 37% greater than 10,000 mg/L (north and
west) (data from several sources provided by the oil and
gas industry; see appendix A, compiled by Anderson and
others, 2012). Zhang and others’ (2009) data show 5%
of the wells having TDS between 0 and 1000 mg/L, 4%
between 1000 and 3000 mg/L, 5% between 3000 and
10,000 mg/L, 68.5% between 10,000 and 50,000 mg/L,
and 17.5% greater than 50,000 mg/L. Wells and springs
dominantly penetrating or issuing from the Green River
Formation (a few in the Wasatch Formation) indicate vari-
able water quality (Wally Gwynn, written communication,
May 2009). Total-dissolved-solids concentrations from 39
springs range from 292 to 23,900 mg/L with an average of
1999 mg/L, while TDS concentrations from 50 wells range
from 494 to 9870 mg/L with an average of 2443 mg/L
(Wally Gwynn, written communication, June 2009).

BASELINE WATER QUALITY

This study evaluated water quality from 24 locations in
the southeastern Uinta Basin as a means to assess the al-
luvial and bedrock aquifers on lands proposed by the BLM
as having oil shale development potential. The original
plan was to sample 50 sites throughout the study area
without bias to land use or well depth (figure 7); however,
after searching through the Utah Division of Water Rights’
database and conducting extensive field reconnaissance,
the number of sites was reduced to 24 for various reasons
(e.g., misplotted, defunct well, dry well, or dry spring).
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Some of the sites sampled were identified during prelimi-
nary research and others were discovered during field in-
vestigations through serendipity or word of mouth from
local land users. Table 1 summarizes general information
for each site. The sites are identified by their location and/
or well owner or formal name (e.g., Sulphur Spring) and
are listed geographically in a generally clockwise direc-
tion from northeast (site 1) to northwest (site 24) as they
exist in the study area (figure 7). For example, if a site is
located in Park Canyon, part of its identification is “Park”

and has an arbitrarily assigned site number according to
its clockwise geographic location. Detailed descriptions of
each sample site and accompanying photographs for some
sites are presented in appendix C.

During spring and autumn of 2009 and 2010 and spring/
summer of 2011, 85 water samples were collected from
water wells and surface-water sites (figure 8; appendix D).
The actual number of samples obtained each season/year
varied depending on the condition of the well/spring. For
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Figure 6. Total-dissolved-solids concentrations for water in the Birds Nest aquifer (modified from Zhang and others, 2009).

example, some wells that were available during the initial
sampling stage were no longer operable during later stag-
es in the study and likewise, during subsequent sampling
events, additional wells/springs were discovered from
field observation and word of mouth from local sources.
One well drilled as a water source for an oil/gas supply
well in Park Canyon was not sufficiently purged to obtain a
quality sample due to equipment constraints (site 4 Park-
OSEC) (at the time of sampling, well depth and depth to
water were unknown). Two of the wells are former oil/gas
wells that were eventually plugged, but remained active as
flowing water wells to service wildlife via accumulation
of pond water (site 17 Big Pack and site 18 Seep Ridge).
Similarly, two of the test wells drilled by the USGS were
subsequently modified to be used as a source of water
for wildlife via pond collection through underground
piping systems (site 3 Asphalt 1-USGS and site 15 Bitter-
USGS). Some sites were sampled only once, while others
were sampled during all five sampling rounds. A suite of
water-quality constituents were analyzed including gen-
eral chemistry (including TDS), nutrients (including ni-
trate, phosphorous, and ammonia), dissolved metals, total
organic carbon (TOC), and volatile organic compounds
(VOCs).

WATER-QUALITY RESULTS

Groundwater quality in the study area varies and is gener-
ally good with TDS concentrations primarily below 3000
mg/L, although elevated nitrate, arsenic, lead, selenium,
barium, boron, and alpha gross concentrations exist in the
aquifers at some locations. Total-dissolved-solids concen-
trations for all samples range from 172 to 2832 mg/L and
nitrate concentrations range from <0.1 to 18.8 mg/L for
all sampling seasons. An anomalously high TDS concentra-
tion of 3056 mg/L was initially taken from site 18 (Seep
Ridge) from a distal location in a pond sourced from the
flowing former oil/gas well. Subsequent samples from this
site were obtained near the wellhead where water enters
the pond from a pipe and have lower TDS concentrations
more representative of groundwater from the well than
the initial more distal pond sample. The highest reliable
TDS value of 2832 mg/L was from Evacuation Creek dur-
ing spring 2009, and the lowest value (172 mg/L) was
from the Green River near Ouray during flood stages in
spring 2010. Most sites have nitrate concentrations below
0.1 mg/L, with the exception of alluvial wells in the north-
western part of the study area downgradient from irrigat-
ed fields and a cattle ranch operation, and a well penetrat-
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Table 1. Overview of water sampling sites. Appendix C describes sites in detail accompanied by photographs.

Depth Level # sampling
SITE # SITE ID (ft) (ft) Formation events
1 Windmill* 1382+? flowing?  Green River? 3
2 White River? surface surface  Alluvial 4
3 Asphalt 1-USGS® 2650 ? Green River 3
4 Park-OSEC 750 57/350  Bird’s Nest 1
5 Park-USGS 193+ flowing  Green River 5
6 Kings well! 80?7 67?7 Green River 4
7 Evacuation Creek surface surface  Alluvial 5
8 Sweet Water Spring® spring flowing  Green River 3
9 South Camp? 98 61 Green River? 4
10 PR Spring® spring flowing  Green River? 4
11 Willow Creek surface surface  Alluvial 5
12 Willow Spring’ spring surface  Green River 1
13 Sulphur Spring spring flowing  Green River? 5
14 Willow-domestic 711 flowing  Green River? 5
15 Bitter-USGS? 1497 ? Green River 3
16 Buck Camp-Bitter!? ? ? ? 2
17 Big Pack 6900 flowing ~ Wasatch 5
18 Seep Ridge >2510 flowing  Green River 5
19 Green River® surface surface  Alluvial 4
20 White/Green R.37 surface surface  Alluvial 1
21 Target? 53 23 Alluvial 4
22 R&N° 60 & 80 23&49  Alluvial 4
23 Batty?¢ 83 28 Alluvial 1
24 Four Star 172 70 Alluvial 4

INo access to site in fall 2009 due to weather conditions

“Not sampled in fall 2009 due to time constraints
3New site sampled in fall 2009

“Well not operational in spring 2010 or spring 2011

Unable to sample spring 2010

SWell no longer in use starting spring 2010
’Not sampled after spring 2010

8New site sampled in spring 2010

“New site sampled in spring 2011

10Research by BLM staff indicate water source is same as site #15

ing bedrock in the central part of the study area. Twelve
different types of VOCs had detectable concentrations
but were all below U.S. Environmental Protection Agency
(EPA) maximum contaminant levels (MCL). Besides VOCs
and boron, only chemical constituents exceeding EPA
standards are discussed below (for example, chromium
was sampled for the sites, but did not exceed the EPA MCL
[and is listed in appendix D]). Seasonal change in water
chemistry was minimal for most sampling sites.

Both Piper and Stiff water chemistry diagrams show how
the ion concentrations from water wells, springs, and
creeks vary throughout the study area. Piper diagrams
showing general chemistry for water samples over dif-

ferent years indicate overall water chemistry is variable
throughout the area with dominantly sodium-potassium-
bicarbonate-type and calcium-magnesium-bicarbonate-
sulfate-type groundwater (figure 9), but maintains simi-
lar quality for the same sampled site over the three-year
period (compare figure 94, 9B, and 9C). Figure 10 shows
Stiff diagrams for sampled sites having solute chemistry
data collected from the most recent sampling event; most
data are from 2011, except for those sites where data were
collected once or twice earlier in the study. Overall, the
Stiff diagrams show variable water quality throughout the
study area with water likely from multiple aquifers that
are not connected, except locally (e.g., shallow alluvium
in the northwesternmost part of the study area). Total-
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Figure 8. Sampling sites for this study.

dissolved-solids concentration data are from 4 springs, 13
wells, and 5 surface-water sites. Appendix D summarizes
the chemistry data.

Total-Dissolved-Solids Concentrations

Total-dissolved-solids concentrations in the study area
range from 172 to 2832 mg/L. The average seasonal TDS
concentrations range from 1030 to 1470 mg/L, with the
highest concentrations from spring 2009 and the lowest
from spring/summer 2010. Figure 11 shows a graph of
TDS versus sample site for all sampling events. Most sea-
sonal sampling events had at least eight samples with TDS
concentrations exceeding 1000 mg/L. The poorest qual-
ity water, in terms of high TDS, exists in the bedrock wells
penetrating the Green River Formation and from low-flow
waters of perennial Evacuation Creek (Evacuation Creek
flows along outcrop of the Birds Nest zone of the Green
River Formation which contains significant saline min-
eral deposition and subsequent dissolution [Vanden Berg
and others, 2010]). The highest quality water (less than

T T
109°35'0"W 109°00'0"W

500 mg/L) was from PR Spring, the Green and White Riv-
ers, and one sample obtained during spring runoff from
Willow Creek in 2011 (figure 11; appendix D). Seasonal
samples from all sites had similar TDS concentrations,
with about half consistently less than 1000 mg/L and the
other half consistently greater than 1000 mg/L. Water
with TDS greater than 3000 mg/L exists in one sample
(distal pond sample for site 18 Seep Ridge), but this value
is considered anomalous as discussed above. Elevated TDS
concentrations are likely due to long residence time in the
bedrock aquifer, surface contamination in shallow alluvial
wells, and from dissolved constituents contributed from
the Green River Formation.

Nitrate Concentrations

Nitrate concentrations in groundwater range from less
than 0.1 mg/L to 18.8 mg/L (appendix D). For all seasonal
sampling events, the majority of wells (>50% and up to
70%) had nitrate concentrations that were less than the
detection level. For alluvial samples, average seasonal
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report of <0.1 mg/L nitrate concentration.

nitrate concentrations ranged from 9.4 to 12 mg/L, with
most averages exceeding the 10 mg/L EPA MCL. Only site 6
(Kings well) had nitrate concentrations in water from bed-
rock that exceeded 10 mg/L; the majority of other bedrock
samples had nitrate concentrations below the detection
level (<0.1 mg/L). Figure 12 plots nitrate concentration
for all sampling seasons and years these data were col-
lected. Sixty to 80% of all nitrate seasonal samples were
less than 1 mg/L.

The highest nitrate concentrations (>10 mg/L) exist in rel-
atively shallow wells located on agricultural lands in the
northern part of the study area (appendix C, figure C.16).
Kings well, the one bedrock well that had high nitrate con-
centrations (figure 12), is near a gilsonite vein (figures
13 and 14) (Verbeek and Grout, 1993; Boden and Tripp,
2012). Gilsonite is a relatively insoluble asphaltic solid hy-
drocarbon containing nitrogen. No other nearby land use
commonly identified as a nitrate source (septic tanks, feed
lots, and fertilized cropland) exists in the area; however, an
ephemeral pond adjacent to Kings well serves wildlife and
seasonal sheep grazing, both of which could be a potential
source of nitrate. The gilsonite vein may act as a conduit
(Vanden Berg and others, 2010) for potentially contami-
nated surface water to reach the relatively shallow water
level (less than 80 feet deep) in Kings well, elevating the
nitrate concentration. Confirming this hypothesis would
require further research, but it should be recognized that
land use, such as livestock grazing, near gilsonite veins
could increase the risk of near-surface aquifer contamina-
tion.

Two samples were also analyzed for total Kjeldahl nitro-
gen (TKN). A TKN analysis measures total organic nitro-

gen and ammonia. One sample from site 6 (Kings well) had
a TKN concentration of 2.0 mg/L and one sample from site
9 (South Camp) had a concentration of 0.4 mg/L. Surface-
water samples with suspect gilsonite contamination show
relatively high TKN values (41 mg/L; Robin Hansen, Ver-
nal Office BLM, and Scott Hacking, UDEQ, written com-
munication, May 2011). The low TKN value for Kings well
suggests that gilsonite is probably not the source of the
nitrogen.

Arsenic Concentrations

Arsenic values from sampling sites for all seasons ranged
from less than 1 pg/L to 31 pg/L (appendix D) and exceed-
ed the 10 pg/L EPA drinking water-quality standard at two
different sampling sites (site 1 Windmill [two times] and
site 6 Kings well [four times]). The percentage of sites each
season with samples having arsenic concentrations below
detection level (<1 pg/L) ranged from a low of 33% to a
high of 47%. Overall, arsenic concentrations in the basin-
fill and bedrock aquifers are variable. The source of arse-
nic in the two wells exceeding EPA standards is unknown.

Boron

Boron was analyzed in samples during all seasons (figure
15; appendix D) and ranges from less than 30 pug/L (the
detection level) to a high of 6020 pg/L (from site 6 Kings
well). Boron may be associated with dissolution of miner-
als in the Green River Formation. Most of the boron con-
centrations were above the detection level but below the
MCL (not a primary drinking water standard, but a sur-
face water-quality standard based on the Utah Division
of Water Quality’s criterion for maximum boron concen-
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Figure 13. Mined-out gilsonite vein in the southeastern Uinta Basin near Rainbow (photo courtesy of Taylor Boden).

tration of 0.75 mg/L for Class 4 “Beneficial Use Designa-
tion” for the nearby Green River). On figure 15, the boron
concentrations that plot on the x-axis have concentrations
below the 30 pg/L detection level (they are not “0” values).
Boron is not known to pose a threat to human health.

Selenium

At Lower Ashley Creek and Ouray National Wildlife Ref-
uge, selenium was identified as a constituent of concern in
a report by the Utah Division of Water Resources (2011)
that indicated the source is from groundwater flow into
these areas. Three wells have selenium concentrations
that exceed the 50 pg/L drinking water standard (appen-
dix D; site 6 Kings well, site 22 R & N, and site 24 Four
Star).

Lead

Lead was analyzed at most sites and had concentrations
exceeding the EPA drinking water-quality standard of 15
pg/L in two samples, neither of which is a public supply
source, but are sources for wildlife. Lead levels for site 1
(Windmill) (15.4 and 16.3 pg/L) and a former oil/gas well
(site 18 Seep Ridge) (16.9 ug/L) that currently supplies
water to wildlife as a flowing well, had concentrations

near the EPA standard.

Barium

Barium was analyzed at most sites and had concentra-
tions exceeding the EPA drinking water-quality standard
of 2000 pg/L in three samples: 2070 pg/L for site 17 (Big
Pack) and 2160 and 2490 pg/L for site 18 (Seep Ridge).
These wells are not a public supply source, but are aban-
doned oil/gas wells currently piped into a pond and used
as a water source for wildlife.

Radiologics

Alpha gross was sampled for eight different randomly se-
lected sites throughout the study area (appendix D). All
samples had detectable alpha gross concentrations rang-
ing from 2.4 to 36.1 pCi/L; four of the samples exceed the
MCL of 5 pCi/L and one sample from the Green River near
Ouray during summer 2011 had a concentration of 4.97
pCi/L, near the MCL. Sites that had concentrations exceed-
ing the MCL include site 21 (Target) which supplies water
to the oil and gas industry and sites 6, 13, and 17 (Kings
well, Sulphur Spring, and Big Pack, the latter of which is a
former oil/gas well) which all currently serve wildlife via
a pond system.
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have concentrations below the detection level of 30 ug/L.

Volatile Organic Compounds

Volatile organic compounds (VOCs) were analyzed an-
nually for all sample sites and resampled during au-
tumn for selected sites. No VOC exceeded EPA MCL, but
some sample sites had detectable levels of certain VOCs.
Chlorobenzene, the most commonly occurring VOC, was
detected in 18 samples over all sampling intervals, fol-
lowed by chlorethane (detected in 6 samples), xylene (5
samples), and ethylbenze (3 samples). Other VOCs include
benzene, bromoform, bromoethane, toluene, naphthalene,
chloro di-bromomethane, bromo dichloromethane, and
1,2,4-Trimethylbenzene (all of these VOCs were detected
at least once and some of these VOCs up to two times) (ap-
pendix D). The range of concentrations for detected chlo-
robenzene is 0.5 pg/L (the detection limit) to 1.1 pg/L,
well below the MCL of 100 pg/L. Chlorobenzene is used
in the manufacture of other organic chemicals, dyestuffs,
and insecticides and can be deleterious to human health,
potentially causing liver or kidney problems, and may be
derived from chemical and/or agricultural industries (U.S.
EPA, 2011). Chlorobenzene was detected in both surface
water (the White River) and groundwater from a well lo-
cated in the southernmost part of the basin that seasonally
serves a scout camp (South Camp, figure C.6). Chloroeth-
ane, the second most commonly detected VOC, does not
have a current EPA standard and is being evaluated as a
hazardous pollutant. It is typically used as an industrial
solvent, a chemical intermediate, and a blowing agent
(e.g., in styrene plastic manufacturing) (U.S. EPA, 2011).

Other Chemical Constituents

Secondary drinking water standards were exceeded in
27 samples for all seasons. Sulfate levels were exceeded
at seven different sites, iron content was exceeded in four
samples at two sites, and chloride was exceeded for five
samples at three sites for all seasons (appendix D). These
constituents are not known to be deleterious to human
health but may impart an unpleasant taste, odor, or color
to the water (appendix D). In addition, as mentioned
above, boron is present in many of the samples, but does
not have a secondary drinking water standard.

WATER QUANTITY

A second objective of this study was to estimate the vol-
ume of water in aquifers in the southeastern Uinta Basin,
especially for the thinly mantled and disconnected alluvial
aquifers and the Birds Nest and Douglas Creek aquifers
within the Green River Formation. Creating a groundwa-
ter flow model and performing aquifer tests on wells are
beyond the scope of this study and are cost/time prohibi-
tive, hence U.S. Geological Survey data provide the best es-
timate of storativity in these aquifers based on their eas-
ily accessed data provided online (U.S. Geological Survey,
2011) and information from previous studies (Holmes,
1980; Holmes and Kimball, 1987) within the Uinta Basin
in Utah, dominantly in the southeastern part of the basin.
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The volume of water consumption was about 7.4 million
acre-feet per year in 1985 for the Uinta Basin in Utah
(Holmes, 1985). In 1985, the population of Uintah County
was 24,900 people and the population of Duchesne County
was 14,700; by 2010, the population of Uintah County had
increased to 32,588 and Duchesne County had increased
to 18,607 (Utah Governor’s Office of Planning and Budget,
2011). The increase in population likely has resulted in an
increase in water use beyond the 1985 water consumption
rate of 7.4 million acre-feet per year.

Most public water supply is from surface water, domi-
nantly the Green and White Rivers, with only minor sup-
ply from groundwater wells. For the alluvial aquifers in
the southeastern Uinta Basin, the volume of recoverable
water in storage is estimated at 200,000 acre-feet, with
maximum yields for individual wells estimated at less than
1000 gallons per minute (Holmes and Kimball, 1987; Utah
Division of Water Resources, 2011).

Test holes drilled by the USGS during the 1970s to deter-
mine hydraulic properties of the aquifer(s) in the area pro-
vide local estimates for the Birds Nest and Douglas Creek
aquifers in six areas of the eastern Uinta Basin, coincid-
ing with water-quality samples taken as part of this study
(Holmes, 1980; appendix B). All six wells penetrated the
Green River Formation. The Birds Nest was encountered
in two wells and the Douglas Creek Member was penetrat-
ed in all six wells. Only three wells penetrated alluvium
with thicknesses ranging from 0 to 190 feet; 40 feet near
Asphalt Wash (site 3 Asphalt-1 USGS), 190 feet in Willow
Creek (near site 11 Willow Creek surficial sample), and
110 feet near Bitter Creek and Buck Camp (site 15 Bitter-
USGS) (figure 8). The alluvial material consists of fine and
coarse interlayered sediment (Holmes, 1980). At the time
of drilling, the alluvial material was partially saturated to
unsaturated. Based on an estimated maximum saturated
thickness of 100 feet and minimum saturated thickness of
10 feet within the southeastern Uinta Basin, the estimated
storage for alluvium ranges from 6000 to 60,000 cubic
meters per hectacre based on methodology used by the
American Institute of Mining Engineers (1915).

Hydraulic properties of the Douglas Creek aquifer include
(1) transmissivity that ranges from 16 to 170 square feet
per day with an average of 50 square feet per day—this
was used to estimate a storage coefficient of 5x10**, and
(2) maximum discharge from each of the six wells that
does not exceed 200 gallons per minute (Holmes, 1980).
The measured thickness of the upper Douglas Creek mem-
ber ranges from 200 to 1000 feet and the lower Doug-
las Creek ranges from 0 to 300 feet thick (the upper and
lower parts of the member are separated by the Renegade
Tongue of the Wasatch Formation; Hintze, 1973; Anderson
and others, 2012). Based on a saturated thickness range
of 200 to 1000 feet and a porosity of 0.1% (Vanden Berg,
written communication, February, 2012), estimated water

quantity for the Douglas Creek ranges from 60,000 cubic
meters per hectacre to 300,000 cubic meters per hectacre.
The Birds Nest aquifer is estimated to range from 33 to
110 feet thick for the upper Birds Nest and 30 to 100 feet
thick for the lower Birds Nest (Mike Vanden Berg, written
communication, February, 2012), thus an estimated water
quantity, using a rough estimated porosity of 2.5% (Van-
den Berg, written communication, February, 2012), ranges
from 25,000 to about 84,000 cubic meters per hectacre.
These calculated estimates simplify the actual aquifer
characteristics and do not incorporate lateral or verti-
cal variations in sedimentary thickness within the units.
The Birds Nest aquifer, for the most part, is not a suitable
drinking water resource due to its relatively high dissolved
solids concentrations. Also, because it is under pressure, it
is likely not saturated with water (Vanden Berg, written
communication, February 2012).

The potential contribution of recharge water to the allu-
vial aquifers was estimated by evaluating the amount of
discharge from flow at selected sites along Evacuation
Creek, Bitter Creek, the White River, and the Green River
using online data provided by the U.S. Geological Survey
(U.S. Geological Survey, 2011) (figures 16-20) (most of
these ephemeral streams are located near sampled wells).
Evacuation Creek near Dragon Station and Bitter Creek
near Bonanza (this is the formal USGS station name, not
an exact geographic descriptive location) have discharge
data records for the water years 1975 to 1983, with peak
flows at both sites recorded in 1983 (an anomalously
wet year) (figures 16 and 17). Overall, discharge is low
for both creeks based on the annual data from the 1970s,
which likely represents flow as it currently exists and
was confirmed by field observation; recharge from these
creeks to alluvium is likely minimal. Holmes (1980) de-
scribes discharge areas along the canyon bottoms within
the Uinta Basin (where Evacuation Creek, Bitter Creek,
and the White River flow) intersect water-bearing units
of the Green River Formation (i.e., gaining streams). Both
the White and Green Rivers near Ouray, Utah, have flows
that fluctuate considerably depending on the season and
year (figures 18, 19, and 20). The U.S. Geological Survey
(2011) discharge data for these large rivers may indicate
potentially negligible loss of streamflow to the groundwa-
ter system.

RECOMMENDATIONS

The water-sampling sites for this study were selected
without bias to land use and are widespread throughout
the study area. Most water-quality data, in terms of TDS,
show the sites maintain similar water quality during dif-
ferent seasons and years. Subsequent sampling of these
sites may show whether water quality has been impacted
by changes in land use. Due to the likely increase in de-
velopment from the oil and gas industry and potential
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Figure 16. Discharge versus year for Evacuation Creek; these dates are the only data available for this site (data and graph

from the USGS, 2011).
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Figure 17. Discharge versus year for Bitter Creek; these dates are the only available data for this site (data and graph from the
USGS, 2011). The station name is formally designated by the USGS and does not indicate the water flows near the community of

Bonanza.

development of an oil shale and/or oil sands industry, it
is recommended that these sites be sampled on a yearly
basis, or every three years at a minimum, to determine if
groundwater-quality degradation is occurring. The rec-
ommendations herein are not meant to impose regulatory
measures for any current or future land-use development,
but are a suggestion to track the quality of water at these
sites; early detection of pollutants could help avoid costly
cleanup.

Most samples collected during this study yielded relatively
low nitrate concentrations except areas of shallow alluvial
aquifers in the northwestern part of the study area. Ni-
trate is common in agricultural settings (Lowe and Wal-

lace, 2001; Lowe and others, 2002), which is the land-use
practice surrounding these alluvial wells (fertilizer and/or
an animal waste source). Samples from site 6 (Kings well),
located farther to the south, also have nitrate concentra-
tions that exceed the EPA standard; however, no appar-
ent source typically associated with nitrate exists in the
area. Gilsonite, a nitrogen-rich hydrocarbon, is a relatively
chemically stable, but mechanically unstable, hydrocarbon
that is prevalent in the study area with a vein terminat-
ing near the Kings well. One future recommendation is to
obtain nitrogen and oxygen isotopes from the Kings well
water samples to try and determine the potential source
of nitrate. Because the well is near a gilsonite vein, surface-
water contamination via flow from the vein into the aqui-



Baseline water quality and estimated quantity for selected sites in the southeastern Uinta Basin, Utah

1600

1400 - |

1200

1000

800 A

600 -

Discharge (CFS)

400 A =

200 A

0 L) L] L) L)
2000 2002 2004 2006 2008 2010 2012

Year

Figure 18. Discharge versus year for the White River near Watson; the station name is designated by the USGS and does not
indicate the water flows near the old site of Watson (data and graph from the USGS, 2011).
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Figure 19. Discharge versus year for the White River near Ouray (data and graph from the USGS, 2011).
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Figure 20. Discharge versus month for two different years for the Green River near Ouray (data and graph from the USGS, 2011).

fer is possible. Boron is also a common element contained
in the Green River Formation and the use of boron iso-
topes can help delineate a nitrogen source (Leenhouts and
others, 1998; Widory and others, 2005). Previous studies
have shown that joint use of nitrogen and boron isotopes
can help decipher the origin of nitrate in groundwater and
allow a semi-quantification of the contributions of the
respective pollution sources (fertilizers, wastewater, and
animal waste) (Widory and others, 2005). With a high ni-
trate concentration, the Kings well may not be considered
a viable drinking-water source. However, if the sources of
nitrate are identified, concentrations could be reduced.

Future sampling for heavy metals is recommended to de-
termine if a marked increase occurs, especially in barium,
chromium, uranium, and zinc. These metals have been re-
ported in other studies related to oil shale development
(Bank, 2011). This would be particularly important if a
large oil shale industry develops and spent shale stock
piles are created—there is concern that spent shale could
leach heavy metals into the groundwater (Bank, 2011).
Concentrations measured during this study range from
non-detect to a high of 2490 pg/L for barium, 13.3 ug/L
for chromium, and 338 pg/L for zinc (all below the MCL).
Uranium was not analyzed in this study, but eight samples
had measurable alpha gross (radiologics), which may indi-
cate uranium is present.

Because this is a baseline study to establish the current
conditions of water quality in the southeastern Uinta
Basin and because the overall chemistries of the sample
sites did not vary much during this study, the recommen-
dation to continue to sample wells, springs, and surface-
water sites in the future is meant as a cautionary measure
in response to potential energy development. An ultimate
goal is to preserve the relatively good quality of water re-
sources as they exist today and to prevent future degra-
dation by examining any changes in chemistry that may
herald contamination.

SUMMARY

This study was conducted to establish baseline water
quality and estimate water quantity for lands proposed by
the BLM as having oil shale development potential. Dur-
ing spring and autumn of 2009 and 2010, and spring of
2011, 85 water samples were collected from up to 24 sites
including water wells and surface-water sites in the south-
eastern Uinta Basin. A suite of water-quality constituents
were analyzed including general chemistry (including
total dissolved solids), nutrients (including nitrate, phos-
phorous, and ammonia), dissolved metals, and volatile or-
ganic compounds. Total-dissolved-solids concentrations
for all samples ranged from 172 to 2832 mg/L (with an
anomalous concentration of 3056 mg/L) and nitrate con-
centrations ranged from <0.1 to 18.8 mg/L for all sampling
seasons. Dissolved solids were highest from Evacuation
Creek during spring 2009 and lowest from the Green River
near Ouray, Utah, during flood stages in spring 2010. Over-
all, samples show variable water quality throughout the
study area with water likely from multiple aquifers that
are not connected except locally (e.g., shallow alluvium in
the northwesternmost part of the study area). Most sites
have nitrate concentrations below 0.1 mg/L with the ex-
ception of alluvial wells in the northwestern part of the
study area downgradient from irrigated fields and a large
cattle ranch, and one bedrock well in the central part of
the study area that warrants future investigation to deter-
mine the source of nitrate.

A secondary objective of this study was to try to quantify
the volume of water in aquifers in the southeastern Uinta
Basin, especially for the thinly mantled and disconnected
alluvial aquifers and the Birds Nest and Douglas Creek
aquifers with the understanding that creating a groundwa-
ter flow model and performing aquifer tests on wells are
beyond the scope of study. U.S. Geological Survey online
data and information from previous studies provide the
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best estimates for storativity in these aquifers dominantly
in the southeastern part of the Uinta Basin. For the allu-
vial aquifers, the volume of recoverable water in storage is
estimated at 200,000 acre-feet, with maximum yields for
individual wells estimated at less than 1000 gallons per
minute. Based on a saturated thickness range of 200 to
1000 feet, estimated water quantity for the Douglas Creek
ranges from 60,000 to 300,000 cubic meters per hectacre.
The Birds Nest aquifer is estimated to range from 33 to
110 feet thick for the upper Birds Nest and 30 to 100 feet
thick for the lower Birds Nest, thus an estimated water
quantity ranges from 25,000 to about 84,000 cubic meters
per hectacre, but, because it is under pressure, it is likely
not saturated with water.

All of the sites sampled vary in terms of their water re-
source value. Some are perennial streams or springs, some
are water supply sources for the oil/gas industry, some
supply water for wildlife, and a few are public water sup-
ply sources. Most of the water, in terms of being potable,
could be used as a source for drinking if treated properly,
with all having TDS concentrations below 3000 mg/L, the
upper limit set by the Utah Water Quality Board as “Drink-
ing Water Quality.”

Water-quality degradation may result from an increase in
development activity if sound water management proce-
dures are not implemented. Recent proposals have been
submitted by energy companies to develop oil shale and
oil sands resources in the area. This regional baseline
water study provides vital information to help local plan-
ners and potential developers to preserve the quality of
groundwater and surface water by establishing best-man-
agement practices through careful land-use planning.
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APPENDIX A

Water Chemistry Database for Wells in the Uinta Basin, Uintah County,
and Extended Areas in Surrounding Counties
(click to view in Excel)
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APPENDIX B

Information on the U.S. Geological Survey’s Six Uinta Basin Test Holes Drilled During the 1970s
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SAMPLING SITE DESCRIPTIONS
(see figure 8 for location of sample sites)

Site 1. Windmill: Named for the Bureau of Land Management (BLM) sign, Kennedy Station was a former stagecoach
stop along the gilsonite route from the gilsonite mine at Dragon Station within the heart of the Uinta Basin. The well
is powered by a windmill, and piping system underground from the fenced-in and welded wellhead to a pond is used
to supply water for wildlife. Samples were obtained near the pipe outlet within the pond only when the wind was
blowing; the windmill was broken during some sampling rounds and no sample was taken (figure C.1).

Site 2. White River: Named for the White River where samples were obtained near the banks of the river near the put
in/take out for rafting trips below a bridge and near outhouses.

Site 3. Asphalt 1-USGS: Located in Asphalt Wash, this U.S. Geological Survey (USGS) well was drilled as test hole #1
(appendix B) during a 1976 study (Holmes, 1980). It is a flowing well with underground piping that allows water
to flow into a pond used to supply water for wildlife. The spigot could be turned on to allow water to be collected
during two sampling events, but was “frozen” shut the third sampling round. The third sample was obtained near
the pipe entering the pond (figure C.2).

Site 4. Park-OSEC: Located in Park Canyon near an oil/gas well currently owned by OSEC. When we discovered this well
in the field (with BLM and Division of Oil, Gas, and Mining [DOGM] staff), no information on well depth was avail-
able. I obtained the sample with the help of BLM staff using a submersible Hurricane Pump (which will pump water
from a maximum depth of 170 feet). We bailed the samples, not knowing the depth, and purged water for about 50
gallons. After further investigation, I learned from OSEC staff of the well’s characteristics, and that this well is too
deep to obtain a proper sample with UGS equipment; the gray-colored water sample (having a strong petroleum
odor) we collected was likely stagnant water and not representative of well water from greater depths (750’).

Site 5. Park-USGS: Located near Park Canyon, this locked well has a welded label that identifies the well as “USGS G-16H”
and is located in an inaccessible area shrouded in shrubs surrounding the wellhead. Piping is connected to the well
and water flows from a pipe into a pond. Samples were obtained from the pipe-hose that drains into a pond that
supplies water for wildlife (figure C.3).

Site 6. Kings Well: This well is located along King’s Well Road identified by BLM signs within the basin (figure C.4). The
initial well was a hand dug well that is covered with a large grate and is no longer in use. That well was replaced
by a more modern well drilled approximately 80 feet deep according to Vernal BLM staff investigations. I pumped
this well with a submersible Hurricane Pump and purged the well three times the volume to obtain a representa-
tive sample. I also took field measurements with a hand-held multiparameter instrument for specific conductance,
temperature, and pH every 5-gallon-bucket interval.

Site 7. Evacuation Creek: Named from the samples taken from Evacuation Creek near Dragon Station within the basin.
All samples were taken from the middle of the stream bed near the mouth of ephemeral Missouri Creek/canyon and
above the confluence of these two streams.

Site 8. Sweet Water Spring: Named from the USGS topographic map of the same name. Spring water issues from bed-
rock and flows into the ephemeral creek in South Canyon in the southernmost part of the study area (figure C.5).

Site 9. South Camp: Named from the well drilled to supply water to a seasonal scout camp called Ward Jarman’s South
Camp. Samples were taken from a spigot near the wellhead that appears to be solar powered (figure C.6).

Site 10. PR Spring: Named from the USGS topographic map of the same name and popular camping spot, especially
during hunting season. Samples were obtained from a spigot connected via piping and directly downhill from the
source’s spring box. This is considered a public-supply source.

Site 11. Willow Creek: Named for samples taken from Willow Creek in the Willow Creek drainage. The initial sample
was obtained farther south than the later samples. I changed locations due to better efficiency (e.g., less amount of
driving time and avoiding muddy roads during the spring runoff).

Site 12. Willow Spring: Named for an unnamed and unmapped (ephemeral?) spring within Willow Creek drainage.
Sample was taken during the final round of sampling during the runoff/flooded spring season of 2011. The source
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of the spring likely issues from bedrock much farther from the where the pond sample was obtained along the road.
The spring’s area is represented by a wet/boggy wetland-type environment with vegetation and shrubs obscuring
the spring’s opening.

Site 13. Sulphur Spring: Named from the USGS topographic map of the same name. Most of the samples were obtained
from the spring flowing over mossy sediments and flow was commonly low, at times making it difficult to obtain a
sufficient sample (figure C.7.)

Site 14. Willow-domestic: Named for a flowing well located on former domestic property. The homes are now aban-
doned and condemned, but the sulfur-smelling gray-colored water flows from a pipe attached to the well that is
submerged in a horse trough to provide water for horses that seasonally occupy a corral along the Willow Creek
road (figure C.8).

Site 15. Bitter-USGS: Named for USGS test hole #6 well (appendix B) that was drilled in 1978 by Walt Holmes of the
USGS and located in Bitter Creek drainage. This is a flowing well with attached below-ground piping that flows to a
pond that supplies water for wildlife. The rusted spigot on this well functions and allows a trickle of water to flow
from pressure (no pump) (figure C.9).

Site 16. Buck Camp-Bitter: This sample is named for the BLM sign located at temporary shelter that houses oil/gas em-
ployees in Buck Camp along the Bitter Creek drainage. Many spigots are located on the property along with corrals
(figure C10). Vernal office BLM staff later verified this water source to be affiliated with underground piping from
Site 15, the USGS test hole. Similar chemistry confirms the validity of their research.

Site 17. Big Pack: A plugged former oil/gas well that is used as a flowing well within the USGS topographic Big Pack
Mountain area within the Willow Creek drainage area. The initial samples were taken from the wellhead flowing
into a ponded/grassy area. Subsequent work on the site by field workers piped the water from the wellhead into
a piping system that also feeds a pond system that supplies water for wildlife (figures C.11 and C.12). Subsequent
samples were taken from the water flowing from the pipe into a smaller pond.

Site 18. Seep Ridge: Named for a former oil/gas well surrounded by other producing oil/gas wells near the road of the
same name. This well is a flowing well where water seeps from a submerged pipe into a pond that provides water
for wildlife. The water also contains hydrocarbon material and the pond system near the pipe is black and shiny
with oil and grease that flows through a wetland into another cleaner water pond. The initial sample was taken
from the clean pond (before I discovered the submerged pipe); subsequent samples were taken near the pipe issu-
ing into the hydrocarbon-rich pond water to get a better representative sample of the water. Sampling from this pip-
ing system was not always possible due to the amount of black sticky hydrocarbon material (figures C.13 and C.14).

Site 19. Green River: Named for the samples taken from the Green River. The final sample was taken from near the
bridge at Ouray due to flooding preventing any sampling from the previous sites.

Site 20. White/Green R.: Named for the sample taken from near the confluence of the White River before it reaches the
Green River.

Site 21. Target: Named for the name on the water tank (Target Trucking) where sample was taken. The wellhead does
not have a spigot; samples were taken from the holding tank used by truckers to supply water for the oil/gas indus-
try in the basin (figure C.15).

Site 22. R&N: Named for the sign on the dirt road where the two wells are located. Two shallow wells (60 and 80 feet
deep) are blended to provide water to water trucks that supply water for the oil/gas industry in the basin.

Site 23. Batty: Named for the property owner (Batty) housed in a well house with piping that flowed to storage tanks
that served the water supply trucks for the oil/gas industry in the basin. The well was no longer operable during
subsequent sample events.

Site 24. Four Star: Named for the Four-Star Ranch, this well is considered a public-supply well, although the well pro-
vides water for irrigation and for trucks that supply water for the oil/gas field in the basin. This water is not used as
domestic water for the ranch. The wellhead has a pump in the well house and samples were obtained from a spigot
within the well house adjacent to the well (figure C.16).
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Figure C.8. Site 14. Willow-domestic well: pipe from flowing well feeds into horse trough for temporary

water supply in the corral, located along the road and near Willow Creek.
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APPENDIX D

Water-Quality Data for Selected Sites for Five Different Sampling Intervals
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Baseline water quality and estimated quantity for selected sites in the southeastern Uinta Basin, Utah
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Baseline water quality and estimated quantity for selected sites in the southeastern Uinta Basin, Utah
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Baseline water quality and estimated quantity for selected sites in the southeastern Uinta Basin, Utah
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Baseline water quality and estimated quantity for selected sites in the southeastern Uinta Basin, Utah
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