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CONVERSION FACTORS

Most values in this report are given in inch-pound units. For those readers who may prefer to use metric units ra-
ther than inch-pound units, the conversion factors for the terms used in the report are listed below. The conversion

factors are shown to four significant figures.

Multiply By
Acre 0.4047
0.004047
Acre-foot 0.001233
1233
Acre-foot per square mile 476.1
Acre-foot per year 0.001233
Barrel 0.1590
Barrel per day 159.0
Cubic foot per second 0.02832
Foot 0.3048
Foot per mile 0.1894
Gallon 3.785
Gallon per minute 0.06309
Inch 25.40
2.540
Inch per hour 25.40
Mile 1.609
Square mile 2.590
Ton per acre per hour 2.242
Ton per day 0.9072

Square hectometer

Square kilometer

Cubic hectometer

Cubic meter

Cubic meter per square kilometer
Cubic hectometer per year

Cubic meter

Liter per day

Cubic meter per second

Meter

Meter per kilometer

Liter

Liter per second

Millimeter

Centimeter

Millimeter per hour

Kilometer

Square kilometer

Metric ton per square hectometer per hour
Metric ton per day

Chemical concentration and water temperature are given only in metric units. Chemical concentration is given in
milligrams per liter or micrograms per liter. Milligrams per liter is a unit expressing the solute per unit volume (liter)
of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than 7,000
milligrams per liter, the numerical value is about the same as for concentrations in parts per million.

Water temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the fol-

lowing equation: °F=1.8(°C)+32.
A barrel is equal to 42 gallons of oil.
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INTRODUCTION 7

and salinity, and the sediments deposited in the lake
were consolidated to form rocks that are known as the
Green River Formation. Intertonguing with the lacus-
trine sediments of the Green River Formation are the
overlying Uinta Formation and the underlying Wasatch
Formation, both of lacustrine origin and of Tertiary age.
The relations between these formations (fig. 5) are de-
scribed in detail by Cashion (1967 and 1973) and
Cashion and Donnell (1974). Only those aspects that

pertain to the effects on water resources are discussed
here.

The Wasatch Formation underlies the Green River
Formation and commonly intertongues with the Douglas
Creek Member of the Green River Formation. The Wa-
satch is exposed around the margins of the area on the
west, south, and east, and in the upper reaches of deep
canyons. Cashion (1967, p. 6) has given the name Rene-

gade Tongue to the intertonguing part of the Wasatch
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FIGURE 5.—Schematic stratigraphic section of the formations of early Tertiary age. Thickness data from Cashion
(1967).
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Formation. The Renegade Tongue is part of the Douglas
Creek aquifer as described by Holmes and Kimball
(1983). Exposures of the Renegade Tongue contain clay-
stone, siltstone, and massive channel sandstone.

The Green River Formation crops out in much of the
study area, and the entire formation is exposed from
south to north. The Douglas Creek Member is the prin-
cipal unit cropping out in the Roan Cliffs as well as in
the eastern one-half of the area. To the west, the Par-
achute Creek Member of the Green River Formation is
exposed.

The Douglas Creek Member in the outcrop area con-
sists of lacustrine and fluvial sandstone, siltstone, and
claystone. Sandstone in this member increases to the
south, and it commonly forms steep slopes and cliffs.
The Garden Gulch Member of the Green River Forma-
tion locally is present in the northeast part of the area
and is similar to the Parachute Creek Member. The Par-
achute Creek Member is mostly calcareous siltstone and
claystone (marlstone). It contains oil-shale beds of com-
mercial value, most notably the Mahogany oil-shale bed.

Weathering products from the Green River Formation
are rich in clays. These are principally illite and mixed-
layer illite-smectite clays, which are original constituents
of the rocks and also products of weathering reactions.
Alluvium in the canyons contains these clays along with
variable-sized material derived from mechanical weath-
ering.

A diverse mineralogy has been described for the Green
River Formation (Milton and Eugster, 1959; Brobst and
Tucker, 1973; Dyni, 1976). The minerals provide many
possible sources of dissolved solids (including trace ele-
ments) in the natural waters of the area; however, most
of the major solutes in streams are derived from only a
few major minerals (Kimball, 1981, p. 9-13). The trace
elements dissolved in the waters of the area generally are
released by reactions between the water and the siltstone
and claystone, particularly from the oil-shale beds. Des-
borough and others (1976) have described the abundance
and mineralogical residence of many trace elements and
major elements in the area.

The Uinta Formation, which conformably overlies the
Green River Formation, consists of three ‘“horizons”
(Cashion, 1967, p. 19-21). Horizon A, which is the
lowest, consists mostly of a sandstone and claystone se-
quence which crops out along the White River. Horizons
B and C are exposed north of the White River. Horizon
C weathers to a badlands topography and contains much
expandable clay. The erosion of the badlands provides
abundant suspended sediment to Coyote Wash, and in
times of high flow in the wash, this sediment reaches the
White River.

Movement of surface and ground water generally is

northward from the areas along the Roan Plateau that
receive the most precipitation. Streamflow diminishes
significantly while flowing northward as evapotranspira-
tion returns a large part of the water to the atmosphere.
This process concentrates minerals that had been dis-
solved from the rocks over and through which the water
had moved. Mining, retorting, and waste disposal of oil
shale that contains saline minerals could possibly de-
grade the existing quality of the surface and ground wa-
ter. In some areas, the surface and ground water are
already saline (dissolved solids exceeding 10,000 mil-
ligrams per liter) and have appreciable concentrations of
fluoride, boron, and sulfate. Thus, freshwater supplies
need to be protected from degradation.

Trace metals, which are leached from the soils and
rocks, become sorbed on the suspended sediment and bed
material in the streams. The mining and processing of
rock to obtain shale oil will increase the quantity of rock
exposed for leaching. Without proper safeguards, trace-
element transport and availability could increase beyond
natural levels and pose a health hazard.

Vegetation is sparse because a large part of the area is
arid. The barren land is severely eroded during summer
thunderstorms and during years of above normal precipi-
tation. A large part of the area is dissected hills and val-
leys, with some badlands, and source-area sediment
yields can exceed 2 acre-feet per square mile per year.
Erosion and transport of sediment at each mining site
could result in a major water-quality problem unless to-
pography, soils, and climate are adequately considered.
Uncontrolled erosion rates resulting from active surface
mining possibly could be 10 times greater (U.S. Depart-
ment of the Interior, 1979, p. 34) than under natural con-
ditions.

PREVIOUS INVESTIGATIONS

Woolley (1930) and Thomas (1952) described the hy-
drology of the Green River, including the reach that
passes through the area of this investigation. Consid-
erable hydrologic information for the general area is
available in comprehensive studies of the water resources
of the Upper Colorado River Basin by Iorns and others
(1964 and 1965) and Price and Arnow (1974). Feltis
(1966) compiled some information about the availability
and chemical quality of ground water and briefly de-
scribed the water-bearing properties of some of the geo-
logic units in the Uinta Basin. Weir (1970) compiled
considerable geohydrologic data obtained from an explo-
ration well drilled in Uintah County. The U.S. Bureau of
Reclamation (1974) identified specific alternative
sources of water for use in oil-shale development on pro-













































SELECTED SOURCES OF WATER SUPPLY FOR AN OIL-SHALE INDUSTRY
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FIGURE 17.—Magnitude and frequency of annual low flows at station
09306500, White River near Watson. (Lindskov and Kimball, 1982,
fig. 29.)

(1980, p.1) are the White River Shale Oil Corp. (13,000
to 26,000 acre-feet per year), TOSCO Corp. (18,000 acre-
feet per year), Moon Lake powerplant (18,000 acre-feet
per year), and the City of Bonanza (about 4,000 acre-feet
per year).

The White River reservoir would cover 1,860 acres of
oil-shale deposits which would become unavailable for
mining. An historic site, the Ignatio Stage Stop and pos-
sibly many archeological remains would be inundated by
the reservoir. The impacts on downstream water re-
sources are discussed later.

OFF-STREAM STORAGE IN HELLS HOLE CANYON

Water pumped from the White River during high-flow
periods to a reservoir in Hells Hole Canyon (fig. 19)
could be used during low-flow periods to supplement wa-
ter pumped directly from the White River (U.S. Bureau
of Land Management, 1980, p. 2). As stated previously,
the daily flow in the White River is less than the peak re-
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quirements needed for an oil-shale industry—97 cubic
feet per second (equivalent to 70,000 acre-feet per
year)—only 1 day, on the average, in every 8 years or for
1 week every 20 years. During years of average or above
average flow, all required water could be pumped or di-
verted directly from the White River. When flows in the
White River are less than the quantities needed, releases
from the reservoir in Hells Hole Canyon could satisfy the
deficiencies.

The 25,000-acre-foot reservoir proposed in Hells Hole
Canyon would inundate only about 260 acres of oil shale.
In addition, this smaller reservoir would have less
environmental impact than a reservoir on the White
River.

GREEN RIVER

The 70,000 acre-feet per year of water could be
pumped directly from the Green River (U.S. Bureau of
Land Management, 1980, p. 2). The water could be
released about 120 miles upstream from Flaming Gorge
Reservoir into the Green River and pumped out of the
river into a pipeline about 5 miles south of Jensen, Utah
(fig. 19). The pipeline would deliver the water to the
White River near the proposed White River Dam. Struc-
tures necessary to transport the water from the Green
River to the White River include a river pumping sta-
tion, settling pond and sluiceway, two highlift pumping
stations, and about 28 miles of buried steel pipeline. Al-
though there appear to be fewer constraints when com-
pared to other alternatives, the prorated annual cost for
delivering the water is greater (U.S. Bureau of Land
Management, 1980, p. 165).

GROUND WATER

Three aquifers could be pumped to supply water for an
oil-shale industry. According to Holmes and Kimball
(1983), the recoverable water in storage is 0.2 million
acre-feet in alluvium, 1.9 million acre-feet in the bird’s-
nest aquifer, and 16 million acre-feet in the Douglas
Creek aquifer.

Although it appears that ground water in storage could
supply 70,000 acre-feet per year for more than 200 years,
yields of individual wells and interference between wells
limit maximum withdrawals from the aquifers. Holmes
and Kimball (1983), for the areas shown in figure 20, de-
termined that the maximum annual yields for 20 years of
pumping would be about 20,000 acre-feet for the bird’s-
nest aquifer and about 1,400 acre-feet for the Douglas
Creek aquifer. Thus, although it appears that ground wa-
ter could meet only a small part of the demand, it could
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FIGURE 18.—Daily-duration hydrographs for indicated percentage of time flow at station 09306500, White River near Watson, was equal to or
greater than that shown. (Lindskov and Kimball, 1982, fig. 27.)

be used in conjunction with surface water, thus de-
creasing the required surface storage and satisfying much
of the demand for experimental plants and public supply.

Ground and surface water are hydraulically connected
in the study area. Holmes and Kimball (1983) indicated
that after 20 years of pumping 10,000 acre-feet per year
from the bird’s-nest aquifer, more than one-half the wa-
ter would be coming from leakage from the overlying
Uinta Formation and induced infiltration into the aqui-
fer from the White River. Long-term withdrawals from
the alluvium also would decrease streamflow in many
tributaries. However, it appears that pumping from the
Douglas Creek aquifer would have little, if any, effect on
flows in the White or Green Rivers.

POTENTIAL IMPACTS OF AN OIL-
SHALE INDUSTRY ON WATER
RESOURCES

An oil-shale industry could have many impacts on the
water resources of the southeastern Uinta Basin. The
consumptive use of the water could deplete the supply for
other water users, and the water quality also could be di-
rectly or indirectly affected. Direct effects could include
the accidental release of retort or leachate waters to the
surface or ground water of the area, and the failure of
holding ponds for retorted shale and process waters. In-
direct effects include construction, mining, processing,
and disposal activities. These impacts are discussed
below in terms of water supply and water quality.
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WATER SUPPLY

The use of any part of Utah’s share of the flow in the
Colorado River Basin for an oil-shale industry competes
with -other potential uses such as irrigation, public
supply, and other industrial uses.

An oil-shale industry in the southeastern Uinta Basin
that produced 400,000 barrels of oil per day could in-
crease the annual consumptive water use in the Upper
Colorado River Basin by about 70,000 acre-feet. This oil
production would be only 13 percent of the 3 million bar-
rels of oil equivalent from a synfuels industry that the
water resources of the Upper Colorado Region can sup-
port (U.S. Water Resources Council, 1981, p. 35054);

however, the Council concludes that:

Synthetic fuels development in some development areas will be lim-
ited unless additional water supply measures (i.e., reservoirs, water
imports, groundwater) are developed. The White River area in Colora-
do and Utah with large oil shale reserves is of particular concern.

Provisions of the Compact among the Upper Basin States, which al-
locates water supplies among the States, may ultimately constrain
synfuels development. Specifically, conversion of coal mined from the
Four Corners area in New Mexico and both coal and oil shale conver-
sion in Colorado, may ultimately be limited by those constraints.

WATER QUALITY

An oil-shale industry could have beneficial or detri-
mental effects on the water quality in the southeastern
Uinta Basin. The use of water of poor quality from sur-
face or ground-water sources could decrease the quantity
of poor-quality water that reaches the White or Green
Rivers, thus eventually decreasing the salt load of the
Colorado River. However, the salt load could increase
from the activities of an oil-shale industry. The detri-
mental effects on water quality can best be discussed in
terms of the sediment load and the dissolved constitu-
ents in the water.

SEDIMENT
POTENTIAL EFFECTS OF THE WHITE RIVER DAM

The proposed White River Dam could cause signifi-
cant changes in the erosion and sediment regime of the
river downstream from the dam. In the downstream 18
miles of the river, about 1,040 acre-feet of bed material is
scoured and filled during the 2-year flood (Seiler and
Tooley, 1982, p. 15). The proposed reservoir would trap
about 90 percent of the sediment moving in the stream
(Grenney and Kraszewski, 1980, p. 4; Utah Division of
Water Resources, 1979, p. 42) and in turn would release a

large quantity of almost sediment-free water. Channel
degradation of the reaches downstream from the dam
could result because the material eroded during spring
runoff would no longer be replaced. Increased bank ero-
sion and channel migration of the river also could result
from the large change in the sediment regime. If deepen-
ing of the White River channel occurs, there also could
be increased erosion at the mouths of its tributary
streams.

POTENTIAL EFFECTS OF OIL-SHALE
PROCESSING FACILITIES

Sheet-erosion rates in the southeastern Uinta Basin
are reportedly as large as 2.2 acre-feet per square mile per
year (Seiler and Tooley, 1982, p. 37); but sediment yield
to the White River is less than might be expected be-
cause of the small runoff. If process water from retort
operations or water used in the construction of surface
facilities is discharged into a normally dry streambed, in-
creased channel erosion and sediment transport could re-
sult. Disturbance of the soil during construction of
surface facilities could cause increased sediment trans-
port by runoff. This problem could be minimized if
construction is completed before the beginning of the
late summer thunderstorm season.

Other sediment-related problems could result from the
disposal of retorted-shale residue. Oil shale increases in
volume by at least 20 percent during surface retorting.
Thus, not all the shale can be backfilled in mines; and,
furthermore, surface disposal of the retorted shale is less
expensive than backfilling the shale into the mine. Sedi-
ment yields from surface piles of retorted oil shale are re-
ported to be large (Colorado State University, 1971, table
11). During simulated rain of 0.54 inch per hour, an un-
compacted pile of retorted oil shale on a grade of 0.75
percent (40 feet per mile) had a sediment yield of more
than 0.3 ton per acre per hour, or 0.1 acre-foot per square
mile per hour. Yield from the same pile after compaction
was about 0.1 ton per acre per hour during a simulated
rain with an intensity of 0.4 inch per hour. Sediment-
yield rates from actual disposal piles can be expected to
be greater because the grades of the piles will be steeper
than 0.75 percent. The maximum 2-year rain intensity in
the Uinta Basin is about 0.6 inch per hour (Miller and
others, 1973), so rain intensities similar to those used in
the Colorado State University study are reasonable and
common.

Impounding ponds would be necessary to prevent sedi-
ment from the surface-processing sites and the retorted-
shale disposal areas from being transported into the
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White River during storm runoff. Sheet-erosion rates
during construction of the surface facilities are expected
to be great; thus, the retaining ponds would need to be
completed early in the development period to protect the
White River and tributary streams from sediment trans-
ported by thunderstorm runoff from the construction
sites.

The impounding ponds need to have sufficient capaci-
ty to retain 100 percent of the runoff from the 100-year,
24-hour storm in order to prevent contamination of the
White River. Because of their potential for rapid filling,
the cleaning of these ponds would be important. Runoff
from a small storm could transport enough sediment into
the ponds so as to render them incapable of containing
the sediment from later, and possibly more intense
storms. The ponds would need to be inspected after every
storm to determine if adequate storage space for sedi-
ment remained.

DISSOLVED CONSTITUENTS

The salinity of the Colorado River system could be af-
fected by the development of an oil-shale industry, and
any change in salinity would cause economic conse-
quences for downstream users. A 1-million-barrel-per-
day oil-shale industry would increase the salinity of the
Colorado River at Hoover Dam from 10 to 15 milligrams
per liter of dissolved solids (U.S. Department of the In-
terior, 1973, p. 34). A prorated projection ranges from 4
to 6 milligrams per liter for the salinity increase from a
400,000-barrel-per-day oil-shale industry in Utah. The
increase in salinity could result from construction,
mining, processing, and disposal activities associated
with the industry.

Construction activities generally increase the exposure
of the natural waters in the basin to fresh material,
which then can be leached and weathered by natural pro-
cesses. Mining will necessitate drainage of the oil-shale
zones. The water drained from these mines may be of
poor quality. Releasing this water to streams or into oth-
er aquifers could increase the salinity of the surface or
ground water.

Because of the potential impacts on water quality, dis-
posal of retorted shale is an important concern. The
potential to increase sediment loads has been mentioned
above. Studies by Ward and others (1971) and Ward and
Reinecke (1972) have analyzed the leaching potential of
retorted shale piles. Each study found that the concen-
trations of various solutes in the leachate, particularly
sodium and sulfate, were large.

The processing of oil shale produces “retort” water,
which also could have adverse impacts on the environ-
ment. The chemical composition of four retort waters in

contrast with some natural waters of the southeastern
Uinta Basin is compared in table 3. The chemical con-
centration of the four retort waters differ, but each of
them differs considerably from any of the natural waters.

DISSOLVED SOLIDS

The retort waters have greater dissolved-solids con-
centrations than the natural waters of the southeastern
Uinta Basin. Any mixing of the retort waters with the
natural waters would degrade the latter. Not only are the
dissolved-solids concentrations large in retort waters, but
the unusual concentrations of certain constituents may
have particular adverse impacts on water quality.
Selected constituents are discussed below.

TOTAL ORGANIC CARBON

Organic carbon in the form of oil, grease, and other
substances is an obvious product of the retorting process.
Although concentrations of organic carbon in the natural
waters are large because of the abundant organic mate-
rial in the Green River Formation, the concentrations in
retort waters far exceed the natural concentrations.

Stuber and Leenheer (1978) evaluated the various
types of organic substances in both retort and natural
waters of the Uinta Basin. They found that the organic
substances in samples collected from natural surface wa-
ters were mostly humic and fulvic acids, other naturally
occurring acids (hydrophobic and hydrophillic acids),
and lesser quantities of proteins, amino acids, and sug-
ars, as well as oil and grease. The retort waters, however,
contain hydrocarbons that do not occur naturally, partic-
ularly aromatic amines (hydrophobic bases). The latter
include carcinogens and mutagens (J. A. Leenheer, U.S.
Geological Survey, oral commun., 1979).

MAJOR SOLUTES

The concentrations of anions in retort waters are
much greater than the corresponding concentrations in
natural waters, whereas the concentrations of the com-
‘mon cations are less. Among the anions that are much
greater are chloride, sulfate (and associated species), and
alkalinity as bicarbonate and carbonate ions. The sulfate
species that are important in certain retort waters have
been studied by Stuber and others (1978). Waste waters
from in situ processing were found to contain thiosulfate
(S,0,~") as the most abundant species and large concen-
trations of thiocyanate (SCN~). These species, particu-
larly thiocyanate, could persist in underground retorts
and could pose a health hazard.



TABLE 3.—Comparison of mean chemical composition of four retort waters with natural waters in the southeastern Uinta Basin
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Adapted from Lindskov and Kimball, 1982, tables 7-12; Holmes and Kimball, 1983, tables 8 and 11; and Nowacki, 1981, table 7.3
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Retort Waters Natural Waters
Modified Douglas
TOSCO II Paraho NTU insitu  Bird’s-nest Creek White Green Evacuation Bitter Willow and Ephemeral
process process process process aquifer aquifer River River Creek Creek Hill Creeks washes
General characteristics
Specific conductance 120,000 16,000 49,600 82,250 3,660 2,140 730 833 4,180 6,000 1,120 980
(micromhos per
centimeter at 25° Celsius)
pH (units) 8.4 8.8 8.7 8.1 84 8.4 78 79 8.0 8.1 8.1 7.8
Turbidity 40 15 — 86 560 — 190 350 440 18 480 890
(Nephelometric turbidity
units)
Major constituents (milligrams per liter)
Calcium, dissolved (Ca) 18 2.5 0.6 — 74 40 72 71 150 210 1 60
Magnesium, dissolved (Mg) 30 2 3 — 90 38 25 30 150 300 52 9
Sodium, dissolved (Na) 30 2 210 — 740 480 83 76 690 1,070 110 110
Potassium, dissolved (K) 3 4 8 — 5 2 2.7 3.1 7.0 6.8 2.8 4.6
Alkalinity, total as CaCO4 35,200 12,800 — 92,300 730 630 180 173 390 360 320 180
Sulfide, total as S <.5 1,350 14 915 18 3 3 — 2 1 3 .1
Sulfate, dissolved (SO,) 5,500 29 1,600 376 1,300 450 190 260 2,000 3,500 280 240
Chloride, dissolved (Cl) 70,000 2,300 5,000 53 96 130 61 27 41 sl 13 11
Fluoride, dissolved (F) 5 31 31 5.1 2.2 33 3 4 8 6 4 4
Silica, dissolved (8i0,) 3 2 2 — 16 14 15 8 10 13 15 11
Dissolved solids! 297,00 211,500 13,700 257,600 2,700 1,500 500 570 3,300 5,300 740 550
Suspended solids at
105°Celsius 70 1 — 50 — — 2,100 3,100 16,000 510 — 34,000
Nutrients (milligrams per liter)
Nitrate, dissolved as N 580 138 33 — 0.9 0.1 0.1 0.5 11 1.6 2 —
Nitrite, dissolved as N 1 3 — — — — .01 0 .02 .03 .01 —
Nitrogen, ammonia, total as N 31,700 3,390 18,200 38,000 1 15 .05 .05 — — — —
Nitrogen, total as N 33,600 5,100 — 30,300 — — 15 1.8 — — — —
Phosphorus, total (PO4) <5 <1 — — <.1 2 14 2.0 N 13 2.6 —
Trace elements, dissolved (micrograms per liter)
Aluminum (Al) 2,400 360 110 — 70 40 20 — 21 60 26 140
Antimony (Sb) <900 — 9 = <1 0 — — — — — —
Arsenic (As) <5 2 6 05 43 9 1 2 2 4 10 9
Barium (Ba) <300 — 12 — 80 80 <100 <100 <100 <100 <100 —
Boron (B) 1,200 180 5,200 — 3,800 2,600 150 130 1,100 3,300 620 200
Cadmium (Cd) <900 — — —_ <1 <1 — — — — — —
Chromium (Cr) 300 20 11 — 20 10 — — —_ — — —
Cobalt (Co) 150 — 74 — 2 2 — — — — — —
Copper (Cu) 9,000 70 8 — 40 3 — — 15 <20 23 21
Iron (Fe) 9,000 1,100 7,700 — 390 410 42 42 44 36 43 250
Lead (Pb) 300 — 120 — — — — — — . — —
Lithium (Li) <2,000 — — — 410 320 12 — 82 100 22 25
Manganese (Mn) 1,200 30 42 — 44 37 <10 <10 83 60 26 50
Mercury (Hg) <.1 <.1 1 <1 <1 <1 — — — <.5 <1 —
Molybdenum (Mo) <200 — 56 — 30 2 2 — 31 27 17 18
Nickel (Ni) 200 40 1,100 — 7 3 3 — 5 — — —
Silver (Ag) 600 20 — — <1 <1 — — - - —_ -
Strontium (Sr) 600 120 ki — 380 1,500 830 — 3,400 3,700 960 1,300
Tin (Sn) <300 140 8,900 — 30 30 — — — — —_ —
Titanium (Ti) <200 — 640 — 20 20 — — — — — —
Vanadium (V) <300 — 37 — 2 3 2 — 1 3 6 11
Zinc (Zn) <1,200 — 260 — 40 30 <20 <20 <20 63 <20 73
Organic compounds (milligrams per liter)
Carbon, organic total as C 19,300 15,000 — 12,300 — 20 14 18 14 24 24 -
Cyanide, dissolved as CN <.l 12 — 2 <0.01 0 <001 — <001 — — -
Oil-grease, total 964 392 — 1,430 3 2 1.5 — 4.0 — — —

LDissolved solids for natural waters are calculated from determined constituents.
2Calculated sum, differs from values reported in Nowacki (1981, p. 251, 252).

Nutrient concentrations, particularly nitrogen species,
are enriched in the retort waters. The most abundant
species is ammonia, which indicates that the waters are

NUTRIENTS

greatly reduced in the retort process. Mixing retort wa-
ters with natural waters could cause reduction of other

the waters are oxidized.

species. This could mobilize trace elements present as
sediment coatings, which are insoluble precipitates when
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TRACE ELEMENTS

Although some trace elements are more concentrated
in retort waters than in natural waters, there is no con-
sistent enrichment in the retort waters. The concentra-
tions of trace elements in the natural waters are kept
small by sorption and precipitation processes, which re-
move the trace elements from solution. It is possible that
the trace-element concentrations also are small in the re-
tort waters because of sorption and precipitation onto
the retorted shale. The trace elements could be released if
conditions change to produce a reducing acid environ-
ment.

SUMMARY

An oil-shale industry in the southeastern Uinta Basin
could impact the area’s water resources. Background hy-
drologic information obtained during 1974-80 was used
to evaluate potential impacts from mining and the use of

proposed alternative sources of water supply. Normal an-
nual precipitation on the area averages 11 inches, but it
varies with altitude from less than 8 inches below 5,000
feet to more than 20 inches where altitudes exceed 9,000
feet on the Roan Plateau. Streamflow in the higher al-
titudes is perennial; but in areas where precipitation is
less than 10 inches, streamflow is ephemeral. Mean an-
nual runoff from the area is about 28,000 acre-feet and
ranges from less than 0.1 to 1.6 inches, depending on lo-
cation. At any given site, runoff varies greatly from year
to year and season to season. Potential evapotranspira-
tion is large, exceeding precipitation in all years. A large
increase in precipitation does not always produce a large
increase in runoff or ground-water recharge.

Three aquifers in the study area contain a large quan-
tity of water. Alluvial deposits of small areal extent are
present in the major drainages. Consolidated-rock aqui-
fers include the bird’s-nest aquifer of the Parachute
Creek Member of the Green River Formation, which is
limited to the central part of the study area, and the
Douglas Creek aquifer of the Douglas Creek Member of
the Green River Formation, which underlies most of the
area. Although the total recoverable water in storage in
these aquifers is about 18 million acre-feet, maximum
practical withdrawals would be limited to about 20,000
acre-feet per year.

The Green and White Rivers flow through the area
and convey an average flow of 4.3 million acre-feet per
year from an outside drainage of about 34,000 square
miles. This is more than 150 times the flow that origi-
nates within the area.

An oil-shale industry in Utah with a peak production

of 400,000 barrels of oil per day would require a water |
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supply of about 70,000 acre-feet per year. Ground-water
withdrawals in the area may be limited to about 20,000
acre-feet per year; thus alternative sources of supply were
considered. Included were diversion from the natural
flow of the White River, a proposed reservoir on the
White River, diversion from the White River combined
with proposed off-stream storage in Hells Hole Canyon,
diversion from the Green River, and conjunctive use of
surface and ground water.

Construction of a proposed dam on the White River
would result in entrapment of about 90 percent of the
sediment load moving in the river, which in turn would
result in a release of nearly sediment-free water. Possible
impacts are changes in channel gradient in the down-
stream 18 miles of the White River and changes in bank
stability. In some areas, natural annual sheet-erosion
rates are as great as 2.2 acre-feet per square mile. Be-
cause runoff is small, much of this eroded material is de-
posited in alluvial fans or along stream channels. If
process water from retorting operations or water used in
the construction of surface facilities is released into nor-
mally dry channels, increased channel erosion and sedi-
ment transport could result in tributary streams. This
eventually would result in increased sediment loads in
the White River. In addition, sediment yields from re-
torted shale piles contain large concentrations of sodium
and sulfate, and the retort waters contain much organic
carbon and nutrients. Without proper disposal of retort
and leachate waters, a 400,000-barrel-per-day oil-shale
industry in Utah could result in an increase in the sal-
inity of the Colorado River at Hoover Dam by 4 to 6 mil-
ligrams per liter.
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