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Metric units

Most numbers are given in
by metric units in parentheses.

this report in English units followed
The conversion factors used are:

English Metric
Units Abbreviation Units Abbreviation

(Multiply) (by) (to obtain)

Acres acre 0.4047 Square hectometres hm 2

Acre-feet acre-ft .• 0012335 Cubic hectometres hm 3

Cubic-feet ft 3 .02832 Cubic metres m3

Feet ft .3048 Metres m
Gallons gal 3.7854 Litres I

.0037854 Cubic metres m3

Gallons per
minute gal/min .06309 Litres per second lis

Inches in. 25.4 l1illimetres nun
Miles mi 1.6093 Kilometres km
Square miles mi 2 2.59 Square kilometres km 2

Chemical concentration and water temperature are given only in
metric units. Chemical concentration is given in milligrams per litre
(mg/l). For concentrations less than 7,000 mg/l, the numerical value is
about the same as for concentrations in mg/l and the English unit, parts
per million.

Chemical concentration in terms of ionic interacting values is
given in milliequivalents per litre (meq/l). Meq/l is numerically equal
to the English unit, equivalents per million.

Water temperature is given in degrees
converted to degrees Fahrenheit (OF) by the
1.8(OC) + 32.

VI

Celsius (OC), which can be
following equation: of ~



HYDROLOGIC RECONNAISSANCE OF THE SOUTHEro~ UINTA BASIN,

UTAH AND COLORADO

by

Don Price and Louise L. Miller
U.S. Geological Survey

ABSTRACT

The southern Uinta Basin covers about 4,900 square miles (12,690
km2 ) in northeastern Utah and northwestern Colorado. For the most part,
it is an arid to semiarid region; during the period 1941-70, average an
nual precipitation ranged from less than 8 inches (203 mm) in the north
central part to more than 26 inches (660 mm) in the extreme western
part. The area is sparsely populated, averaging about one person for
every 4.5 square miles (12 km2

). It is utilized mainly for livestock
grazing and the production of oil and gas; the area is noted for its
large reserves of oil shale.

The average annual volume of precipitation that fell on the
southern Uinta Basin is estimated to have been about 3.1 million acre
feet (3,800 hm 3 ) during the period 1941-70. Net imports of water from
the Duchesne River for irrigation within the southern Uinta Basin aver
age about 70,000 acre-feet (86.3 hm 3

) per year as of 1972.

About 94 percent of the average annual water supply from preclpl
tation and imports is consumed within the southern Uinta Basin by evapo
transpiration and sublimation from the winter snowpack. Phreatophytes
along perennial and intermittent streams consume an estimated 204,000
acre-feet (252 hm 3

) of water annually, and another 184,000 acre-feet
(227 hm 3

) is estimated to leave the area annually as surface and sub
surface runoff and irrigation return flow.

Total recoverable ground water in storage in unconsolidated depo
sits and in the upper 100 feet (30.5 m) of saturated consolidated rocks
is estimated to be on the order of 3.2 million acre-feet (3,947 hm 3

),

with ground-water recharge providing an estimated average annual
rep1enishab1e supply of about 120,000 acre-feet (148 hm 3

). Most of the
ground water occurs in fine-grained sedimentary rocks and is generally
yielded slowly to wells and springs--less than 50 gal/min (3.2 l/s)--in
most places. The more highly permeable unconsolidated deposits beneath
the alluvial plains of larger streams can yield more than 100 gal/min
(6.3 lIs), but these deposits are thin and of small extent, containing
only about 190,000 acre-feet (234 hm 3

) of recoverable water in storage.
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Both the surface water and ground water are saline throughout a
major part of the southern Uinta Basin. Only in the headwater areas
along the south rim of that subbasin can fresh water generally be found.
The concentration of dissolved solids in water from streams for which
analyses were available ranges from less than 400 mg/l in headwater
areas to more than 7,000 mg/l in the lower reaches of some streams. The
concentration of dissolved solids in ground water for which analyses
were available ranges from less than 200 mg/l from shallow aquifers in
headwater areas to more than 100,000 mg/l in samples collected from deep
oil tests.

The opportunity to develop large water supplies from sources
within the southern Uinta Basin is limited by the generally poor chemi
cal quality and uneven time and areal distribution of the water. The
most promlslng opportunities for obtaining large sustained water
supplies are surface reservoir storage of runoff in the headwaters of
the larger streams, such as Willow Creek, or development of the alluvial
aquifers adjacent to the larger streams, including the Green, White, and
Duchesne Rivers.

INTRODUCTION

This report summarizes the findings of an investigation of the
water resources of the southern Uinta Basin conducted by the U.S. Geo
logical Survey in cooperation with the Utah Department of Natural Re
sources, Division of Water Rights. The purpose of the investigation was
to evaluate the water resources of the southern Uinta Basin on a recon
naissance level and to provide information to assist in future planning
and development of the water and related land resources.

The investigation was started in July 1971 and continued inter
mittently through December 1973. Most of the basic data used in the
study were gathered from the files of the Geological Survey, the Divi
sion of Water Rights, and the Utah Division of Oil and Gas Conservation.
Supplementary data on wells, springs, streamflow, and vegetation were
collected in the field during five 3-5 day trips during the summer of
1971 and spring and summer of 1972. Much of the basic data collected
for the investigation are included in tables 10-15.

A number of agencies provided assistance in obtaining data for
the study. Personnel of the Utah Division of Oil and Gas Conservation
assisted in obtaining ground-water quality data from oil and gas compa
nies operating in the area; personnel of the U.S. Bureau of Land Manage
ment provided information about wells and springs on Bureau-administered
land in the area; and personnel of the Ute Indian Tribe provided infor
mation about wells and springs on lands in the Uintah-Ouray Indian Res
ervation. The cooperation and assistance of these people, personnel of
oil and gas companies who provided information, and all individual well
and spring owners interviewed during the investigation is gratefully
acknowledged.
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The water resources of the southern Uinta Basin have received
little previous study. Woolley (1930) and Thomas (1952) described the
hydrology of the Green River, including the reach that passes through
the Uinta Basin. Some hydrologic information about the area is included
in a comprehensive study of the water resources of the Upper Colorado
River Basin by Iorns and others (1964 and 1965). Feltis (1966) compiled
some information about availability and chemical quality of water and
briefly described the water-bearing properties of some of the geologic
units in the Uinta Basin. Weir (1970) compiled considerable geohydro
logic data collected from an oil-shale exploration well in the north
central part of the southern Uinta Basin.

The Uinta Basin includes about 10,000 square miles (25,900 km 2
)

in northeastern Utah and northwestern Colorado. The area described in
this report includes that part of the Uinta Basin that lies south of the
Strawberry, Duchesne, and White Rivers in Utah and Colorado. It in
cludes approximately 4,900 square miles (12,690 km 2)--mostly in Duchesne
and Uintah Counties, Utah, but also in parts of Carbon, Emery, Grand,
Utah, and Wasatch Counties, Utah, and Garfield and Rio Blanco Counties,
Colo. (See fig. 1.)

The southern Uinta Basin is sparsely populated, averaging about
one person for every 4.5 square miles (12 km 2

). Most of the total esti
mated population (about 1,100 in 1972 as estimated from the 1970 U.S.
Census) is concentrated along the Duchesne River between Duchesne and
Myton. Probably less than 100 people reside in the remaining part of
the southern Uinta Basin, which includes mostly Federal and Uintah-Ouray
Indian Reservation land. However, the economy of such communities as
Roosevelt and Vernal, Utah, which are in the northern Uinta Basin and,
Rangely, Colo., is based partly on natural resources of the southern
Uinta Basin.

The southern Uinta Basin is noted for its oil and gas production
and its large reserves of oil shale. With the exception of exploration
for and production of fossil fuels, the land is utilized almost exclu
sively for livestock grazing and recreation. There are about 26,000
acres (10,520 hm2

) of irrigated cropland in the Duchesne-Myton-Pleasant
Valley area, and the principal crops are meadowgrass, alfalfa, and small
grains.
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Well- and spring-numbering system

The system of numbering wells and springs in Vtah is based on the
cadastral land-survey system of the V.S. Government. The number, in ad
dition to designating the well or spring, describes its position in the
land net. By the land-survey system, the State is divided into four
quadrants by the Salt Lake base line and meridian, and these quadrants
are designated by the uppercase letters A, B, C, and D indicating the
northeast, northwest, southwest, and southeast quadrants, respectively
(fig. 2). Numbers designating the township and range, (in that order)
follow the quadrant letter, and all three are enclosed in parentheses.
The number after the parentheses indicates the section, and is followed
by three letters indicating the quarter section, the quarter-quarter
section, and the quarter-quarter-quarter section--generally 10 acres (4
hm 2);1 the letters a, b, c, and d indicate, respectively, the northeast,
northwest, southwest, and southeast quarters of each subdivision. The
number after the letters is the serial number of the well or spring
within the 10-acre (4 hm 2 ) tract; the letter "s" preceding the serial
number denotes a spring. If a well or spring cannot be located within a
10-acre (4 hm 2

) tract, one or two location letters are used and the
serial number is omitted. Thus, the number (D-9-l7)2ldca-l designates
the first well constructed or inventoried in the NE\SW\SE\ sec. 21, T. 9
S., R. 17 E., and the number (D-16-l7)3c-Sl designates the first spring
inventoried in the SW\ sec. 3, T. 16 S., R. 17 E., as related to the
Salt Lake base line and meridian.

In the Vinta Basin, part of the "D" quadrant has been subdivided
by the Vintah base line and meridian as shown in figure 2. Wells and
springs in this land parcel are numbered in the same manner described
above, but the numbers are preceded by the letter "V" to show that they
are related to the Vintah base line and meridian. Thus well V(C-4-4)
ldaa-l is the first well constructed or inventoried in the NE\NE\SE\
sec. 1, T. 4 S., R. 4 W., Vintah base line and meridian.

lAlthough the basic land unit, the section, is theoretically a
I-mile (1.6 km) square, many sections are irregular. Such sections are
subdivided into 10-acre (4 hm2

) tracts, generally beginning at the
southeast corner, and the surplus or shortage is taken up in the tracts
along the north and west sides of the section.
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GENERAL HYDROLOGIC ENVIRONMENT

Physiography and drainage

The Uinta Basin is in the Colorado Plateaus physiographic prov
ince (Fenneman and Johnson, 1946). It is a broad east-west trending
structural basin bounded on the north by the lofty Uinta Mountains and
on the south by the high Roan Plateau. The area of this report lies en
tirely on the south flank of the basin and is dissected into two nearly
equal parts by the deeply incised southward-flowing Green River.

The surface of the southern Uinta Basin ascends rather uniformly
from an altitude of about 4,700 feet (1,433 m) above mean sea level near
the confluence of the Green, White, and Duchesne Rivers to more than
9,000 feet (2,743 m) along the crest of the Roan Plateau. Continuity of
this surface is interrupted by deep narrow canyons of the Green River
and its larger tributaries. The canyons have step-back walls whereby
harder rock layers form vertical cliffs while the softer rock layers
form gentle slopes. Maximum depths in the larger canyons exceed 1,000
feet (305 m), and the floors of even the largest canyons generally are
less than half a mile (0.8 km) wide at their widest sections. Prominent
mesas, benches, and flats, such as Flat Rock Mesa, Pariette Bench, and
Wolf Flat dominate the interstream areas (pl. 1).

The lowest point in the southern Uinta Basin is about 4,200 feet
(1,280 m) where the Green River crosses the south boundary; the highest
point is about 10,285 feet (3,135 m) at Bruin Point, near the head of
Range Creek (pl. 1). Thus, total relief in the area is more than 6,000
feet (1,829 m).

The principal streams that originate in the southern Uinta Basin
are consequent. Most of these streams flow generally northward. Excep
tions include Nine Mile and Range Creeks and Pariette Draw, which flow
generally eastward. All drainage is ultimately to the Green River,
which is the largest tributary of the Colorado River.

General geology

The geology of the southern Uinta Basin has been intensely stud
ied from the standpoint of its oil and gas production and evaluation of
oil-shale reserves. Selected references that describe the geology of
the southern Uinta Basin are given on pages 46-48.

The Uinta Basin is a large synclinal trough formed by the defor
mation of Tertiary and older rocks. The main axis of the syncline
trends generally eastward and lies roughly 10 to 20 miles (16 to 32 km)
north of the northern boundary of the southern Uinta Basin (fig. 3).
Thus, the rock strata in the southern Uinta Basin dip generally to the
north. Exposed rocks range in age from Cretaceous to Holocene but
pre-Cretaceous rocks have been penetrated by oil and gas wells and
tests. (See pI. 1).
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The general lithologic character and water-bearing properties of
the geologic formations that are exposed in the southern Uinta Basin are
given in table 1. Older rocks that are encountered in the subsurface
are exposed along the south flank of the Uinta Mountains, a short
distance to the north, or in the Book Cliffs, to the south. The general
stratigraphic section of these rocks prepared by Cashion (1967, p. 5)
after Kinney (1955) is given in the following table:

System

Cretaceous

Jurassic

Jurassic and
Triassic

Unit

Mesaverde For
mation (Group)

Mancos Shale

Dakota Sandstone
Cedar Mountain

Formation l

Morrison Formation

Curtis Formation

Entrada Sandstone
Carmel Formation

Glen Canyon Sand
stone

Thickness
(ft)

1,100

5,070-5,290

95- 135
50- 176

830- 930

150- 270

105- 215
125- 390

720-1,030

Dominant lithology

Sandstone and shale

Shale, siltstone,
and sandstone

Sandstone and shale
Sandstone and shale

Sandstone, mudstone,
and shale

Sandstone, shale,
and limestone

Sandstone
Shale and sandstone

Sandstone

Triassic

Permian

{

Chinle Formation

Moenkopi Formation

Park City
Formation

230- 355

820-1,120

70- 195

Shale, sandstone,
and conglomerate

Sandstone and silt
stone

Limestone and shale

Permian and
Pennsylvanian

Pennsylvanian

Mississippian

Cambrian

Precambrian

Weber Sandstone

Morgan Formation

Black shale unit
Limestone unit

Lodore Formation

Uinta Mountain
Group

1,015-1,275

1,035-1,450

0- 265
965-1,220

0- 155

3,000-4,000

Sandstone

Limestone and sand
stone

Shale and sandstone
Limestone

Sandstone

Shale and sandstone

lAdded by writers.
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Little is known of the water-bearing properties of the older for
mations where they underlie the southern Uinta Basin. In adjacent
areas, those of the older formations that contain sandstone and lime
stone as dominant lithologies locally have moderate to high permeablity.
For example, the Weber Sandstone of Permian and Pennsylvanian age, which
was reportedly penetrated by Continental Oil Co. test well no. 22-1 (pl.
2), is a major aquifer in the Ashley Valley oil field just north of the
area, (See Goode and Feltis, 1962, and Feltis, 1966.) However, data
from the few oil and gas wells and tests that penetrate the older rocks
within the southern Uinta Basin indicate that these rocks generally have
low permeability and commonly yield very saline to briny water.

Climate

Most
altitude of
humid.

of the southern
about 8,000 feet

Uinta Basin is arid to semiarid. Above an
(2,438 m), the climate is subhumid to

8
to

1).more

Average annual precipitation (1941-70) ranged from less than
inches (203 mm) in the north-central part of the southern Uinta Basin

than 26 inches (660 mm) in the extreme western part (pl.
Annual pre~ipitation at Duchesne ranged from 4.60 to 15.70 inches (117
to 399 mm) and averaged 9.19 inches (233 mm) during 1906-72. A curve of
cumulative departure from the 1906-72 average (fig. 4) indicates that
dry cycles occurred in the area during the mid-1930's, the late 1950's,
early 1960's, and from 1965 to 1972.
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According to figure 5, most of the precipitation in the Duchesne
area falls during the late summer months. This is the season of peak
thunderstorm activity in the Uinta Basin. During these storms, local
torrential rains result in rapid runoff and flash floods.

The Uinta Basin has hot summers and cold winters. During the
period 1941-72, the mean annual temperature at Duchesne ranged from less
than 20°F (-6.5°C) in January to about 70°F (2l.0°C) in July (fig. 5).
However, minimum midwinter temperatures commonly fall below O°F
(-18.0°C) and maximum midsummer temperatures commonly exceed 90°F
(32.0°C).

Despite the cold winters, the growing season is fairly long. The
average number of days between the last spring-first fall temperature of
28°F (-2.0°C) ranged from 150 at Myton to 186 at Bonanza for the respec
tive periods of record (table 2).

Table 2.--Number of days between last spring and first fall freeze
at four stations

(Data from U.S. Environmental Data Service. Numbers in parentheses are
number of years of record; stations are shown on pl. 1)

Myton Ouray Bonanza Nutter Ranch

Number of days between the last spring and first fall temperature of:

Average
Maximum
Minimum

Average
Maximum
Minimum

Average
Maximum
Minimum

127 (19) 130(17) 155(20)
169 158 188

95 89 126

28°F (-2.0°C) or below

150(19) 158 (17) 186(19)
191 178 261

99 146 145

24°F (-4.5°C) or below

173(22) 178(17) 207 (17)
196 215 273
139 152 159

129(9)
164

97

152(9)
176
122

163(9)
200
135

Potential evapotranspiration in the southern Uinta Basin is high.
Acccording to Iorns and others (1965, pl. 6), average annual lake evapo
ration in most of the area exceeds 36 inches (914 mm), which is consid
erably greater than the average annual supply from precipitation. Po
tential evapotranspiration at Ouray as determined by the Blaney-Criddle

12
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method (Cruff and
mm), or about nine
that station.

Thompson, 1967, p. M15-MI8) is about 51 inches (1,295
times the measured average annual precipitation at

Vegetation

Distribution of natural vegetation reflects the availability and
chemical quality of water in the southern Uinta Basin. Along the allu
vial plains of the Green, White, and lower Duchesne Rivers, where there
is a perennial supply of water, the vegetative assemblage consists of a
ground cover of greasewood (Sarcobatus vermicuZatus), with scattered
groves of cottonwood (PopuZus sp.), and patches of saltcedar (Tamarix
sp.) and saltgrass (DistichiZis stricta). Greasewood also covers most
of the lower alluvial plains of the larger intermittent and perennial
tributary streams that flow from the southern Uinta Basin, while salt
cedar lines the stream channels. This assemblage of greasewood and
saltcedar persists in larger stream valleys from the mouths up to about
the 6,OOO-foot (1,829 m) altitude. These two phreatophye types thrive
in areas where the soil is too saline or alkaline for most other plants,
and they consume tremendous quantities of water.

Rabbitbrush (Chrysothamnus sp.), a common phreatophyte that re
quires a somewhat better quality water than greasewood, was observed on
ly in Evacuation Creek above the Colorado-Utah State line and in Sams
Canyon.

The upper reaches of the largest tributary streams support a veg~

etative assemblage that requires good ~uality water. This assemblage
includes willow (SaZix sp.), wild rose (Rosa sp.), chokecherry (prunus
virginiana), and native meadowgrass (GZyceria sp.).

Along the lower slopes of the southern Uinta Basin between
streams where surface water is scarce and ground water occurs at great
depths, the vegetative assemblage consists of sparse growths of shad
scale (AtripZex confertifoZia), sage (Artemesia sp.), and various other
xerophytic plants. Upslope in the zones of i.ncreasingly greater precip
itation, the vegetation changes to a sage-juniper (Juniperus sp.) -pin
yon (Pinus sp.) assemblage, which eventually gives way to an assemblage
of aspen (PopuZus tremuZoides), various conifers, and mountain meadows
along the crest of the Roan Plateau.

WATER RESOURCES

In this report the Strawberry-Duchesne-White-Green River system
is considered as a drain for the southern Uinta Basin. The main stem
flow of these streams is not included in the following quantitative es
timates. The streams are, however, a source of supply for the southern
Uinta Basin and imports from them to the southern Uinta Basin are noted
in the quantitative estimates.

14



Volume of precipitation

The average annual volume of precipitation that fell on the
southern Uinta Basin during the period 1941-70 is estimated to be about
3.1 million acre-feet (3,800 hm 3

). This estimate (table 3) is based on
an isohyetal map compiled by Fields and Adams (1975) for northeastern
Utah. The isohyets for the southern Uinta Basin are on plate 1. In
compiling the map, several low-altitude stations south of the basin were
used for control because of the meager high-altitude precipitation data
available in the southern Uinta Basin. Therefore, the estimated volumes
of precipitation and ground-water recharge (table 3) may be low.

Table 3.--Estimated average annual precipitation and ground-water
recharge from precipitation, 1941-70

Precipitation
zone

(inches)

Area
(acres)

Precipitation
Feet Acre-feet

Ground-water recharge
Percent of

precipitation Acre-feet

Area underlain by Uinta and Green River Formations l

Less than 8
8 - 10

10 - 12
12 - 14
14 - 16
16 - 18
18 - 20
20 - 22
22 - 24
24 - 26

More than 26

508,600
510,900
602,100
418,400
263,800
206,700
122,000
84,100
31,600
11,800
14,200

0.58
.75
.92

1.08
1.25
1.42
1.58
1. 75
1.92
2.08
2.25

295,000
383,200
553,900
451,900
329,800
293,500
192,8Do
147,200

60,700
24,500
32,000

o
o
1
2
2
5

10
10
15
20
25

o
o

5,500
9,000
6,600

14,700
19,300
14,700

9,100
4,900
8,000

Area underlain by Wasatch Formation and undivided rocks l

Less than 8
8 - 10

10 - 12
12 - 14
14 - 16
16 - 18

Totals
(rounded)

33,400
126,300
109,100

43,400
24,500
14,500

3,125,000

0.58
.75
.92

1.08
1.25
1.42

19,400
94,700

100,400
46,900
30,600
20,600

3,100,000

o
1
2
5
5

10

o
900

2,000
2,300
1,500
2,100

100,000

lIncludes local mantle of unconsolidated surficial deposits.
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Most of the precipitation that falls within the southern Uinta
Basin is consullled by evapotranspiration and by sublimation from the win
ter snowpack at or near the place of fall. Some of the precipitation
results in overland runoff, most of which also is consumed by evapo
transpiration within the southern Uinta Basin. A small percentage of
the precipitation seeps to the zone of saturation as ground-water
recharge. Some of the recharge occurs as seepage through the rocks and
soils upon which the precipitation falls and some occurs as seepage from
streambeds.

Surface water

Principal streams

The Green, White, Duchesne, and Strawberry Rivers are the largest
streams in the Uinta Basin. They all head beyond the boundaries of the
southern Uinta Basin and mainly are confined to deep, narrow canyons
where they touch on or flow through the area. These rivers receive run
off from the southern Uinta Basin by way of several perennial streams
and numerous intermittent and ephemeral streams. The largest of the
perennial and intermittent streams are Pariette Draw and Avintaquin,
Antelope, and Nine Mile Creeks west of the Green River, and Willow, Bit
ter, and Evacuation Creeks east of the Green River (pl. 1). These
streams drain about 58 percent of the southern Uinta Basin.

Streamflow measurements have been made at existing or former gag
ing stations along the Green, White, Duchesne, and Strawberry Rivers as
well as several of the perennial and inter~ittent streams that flow from
the southern Uinta Basin. Streamflow records collected at these sta
tions are summarized in table 4.

Runoff characteristics

Runoff from the southern Uinta Basin is highly variable. For
example, during the 20 years of record at gaging station 09308500 on
Minnie Maud Creek, total annual runoff ranged from less than 1,000
acre-feet (1.2 hm 3

) to more than 11,000 acre-feet (13.6 hm 3
); and during

the 18 years of record at gaging station 09307500 on Willow Creek, total
annual runoff ranged from less than 10,000 acre-feet (12.3 hm 3

) to more
than 24,000 acre-feet (29.6 hm 3

) (fig. 6).

Most of the runoff is during the spring and early summer (fig. 7)
and is produced by melting of the winter snowpack along the high south
ern rim of the Uinta Basin. During the late summer months, however,
cloudburst storms may result in severe local floods. This is evidenced
in table 5, which shows that the annual peak discharge at three partial
record gaging stations in the southern Uinta Basin most commonly occur
red in July, August, or September. In some parts of the area, stream
channels are dry most of the year; consequently, a single summer cloud
burst flood may account for a large percentage of the total annual run
off.
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Table 4. --Sunmary of streamflow records collected at selected str~am-ga:gi,ng stations

Station
number Nanle Period of ret'ord

(see pI. I)
Date

09285000 Strawberry River near 1)210 Oct. 1942-Sept. 19')6; ]1.0 22,500 1J 1,020 5- 4-52 6.) 1-21-64

Soldier Springs Oct. 196)-Sept. 1972

09285500 Wi 110w Creek near Soldier 44 JUIlC 194)-Sept. 1947 'l.) "3,86') 192 1-'10-4'j Durin¥, s('vl~ral

Springs months of rlH'
year

09285700 Strawberry River above Red .!l360 l<j63-Sept. 1972 58.8 42,600 010 )-14-64 9.7 12-8-£d

creek, near Fruit land

09288150 West Fork Avintaquin Creek 'lb J'lIlt' 1964-SCpl. 1972 15.0 10,8/0 1,8]0 8-22 -ll .2 1-24-65

near t'ruit1and

09288500 Strawberry River " .!J950 June 1908-Nllv. 1910 : 151 109, JOO 54 ] ,490 1-')") 1.0 Several daya in

Duchesne Mar. 1914-sept 1968 flily 19'11

09288900 S{lWera Creek near 43 May 19M Sept. 19/2 J.9 2,8)0 202 R- 1-66 Part of winter

Dllchesne of 1964-6';

09295000 Duchesne River at Mytlln 2,1')0 Disc"nt inuuus, (kt. 5)) ]86,200 04 12,800 6-10-22 Less 7-111-31, several

IH99-Nov. 1910 ; ('oo- than 1.0 days in Aug. and

t inllous, Juh 1911- Sept. 1914

Sepl. 1972

09)02000 Duchesne River near Randlett ] ,920 Oct. 1942-sept. 1972 589 426,700 )0 10 ,300 6-13-65 2.2 8-12-61

09306500 White River near Watson 4,020 Apr. J904~Oct . 1906; 700 )07,200 49 8,160 7-15-29 5J 7-19-34

May-Nuv. 1918; Apr.
1923-Sept. 1972

09)06800 IHtter Creek near Honanza ]24 Oct. 1970-Sept. 1972 507 8-30-71 Many days ellch
year

09307000 Green River near Ouray ]5,500 J947-Sept. 195:'; 5,428 3,930,000 IH 43,600 6-11-:'2 470 luly )1. Aug. I.
Del. 1956-Sept. 1966 1933

09307500 Wi How Creek above diver- )00 Aug. 1950-Sept. 1955; 19,6 14,200 18 668 8- 6-63 .) Aug. 21-23, 1960

sions, near Ouray Sept. 1957·Sept. 1970

09308000 Wi 110w Creek near Ouray 890 July 1947-Sept. 1955; 27.0 19,550 2,320 8~2 7 - ')2 Several tiT!WS

(annual max. 1961, y2,600 7-31-64

1962-68)

1./09308200 Pleasant Valley Wash IS Oct. 1959-Sept. 1972 2,590 7- 9-68 MOBt of the time

tributary near Myton

09308500 Minnie Maud Creek. near JO Aug. 1950-Sept. 1955; 5.0 3,610 20 1,370 8-25-61 Several times

Myton Sept. 1957-Sept. 1972

09309000 Minnie Maud Creek at 2JO July 1947-Sept. 1955Y j 20.4 14,770 1,370 8-25-55 Do.

Nutter Ranch, near Myton (snnual max. Oct. 1959-

Sept 1972)

1./09309100 Gate Canyon near Myton 5.4 Oct. 1959-Sept. 1972 Y860 8- 2-61 Most of the time
860 9- 6-63

11 Includes apprOXimately l70 square miles tributary to Strawherry Reservoir, from which water " diverted O"t of the Uinta Basin to the Great Ba.io.

2/ Estimated.
1/ Records annllal maximum dischar~e only.

Period of record: Stat ions wi th records extend in~ to Septcmher 1972 were at ill

will
50

The magnitude and frequency of the annual peak discharges at the
three stations listed in table 5 are shown in figure 8 by the Log
Pearson Type III analysis data. As shown in figure 8 at station
09309000 on Minnie Maud Creek, a discharge of about 750 ft 3 /s (21.2
m3 /s) will be equaled or exceeded on the average of once every 2 years
or has a 50 percent probability of occurring in any 1 year. At station
09309100 on Gate Canyon, a discharge of about 300 ft 3 /s (8.51 m3 /s)
be equaled or exceeded on the average of once every 2 years or has a
percent chance of occurring in any 1 year. At station 09308200 on
Pleasant Valley Wash tributary, a discharge of about 1,100 ft 3 /s 01.1
m3 /s) would be equaled or exceeded on the average of once every 5 years
and has a 20 percent probability of occurring in any 1 year.

19



Table 5.--Annua1 peak discharges at three partial-record
gaging stations for water years, 1960-72

Annual peak discharge
(ft 3 /s)

Date

Minnie Maud Creek at Nutter Ranch, near Myton (station 09309000)

400
1,000

680
690
240
850
620
495 1

250
460
591
143

Sept. 1, 1960
Sept. 18, 1961
Sept. 22, 1962
Sept. 7, 1963
July 13, 1964
Aug. 16, 1965
Aug. 1, 1966
Aug. 31, 1967
Oct. 5, 1967
Sept. 10, 1969
Sept. 1, 1971
June 17, 1972

Gate Canyon near Myton (station 09309100)

34 2 Sept. 17, 1960
8602 Aug. 2, 1961
125 Mar. 24, 1962
860 Sept. 6, 1963
840 Aug. 16, 1965
4662 Aug. 3, 1966

8.2 June 5, 1967
280 Between May 10 and Oct. 21, 1968
390 Sept. 7, 1969
280 Sept. 6, 1970
280 Sept. 1, 1971
180 June 18, 1972

Pleasant Valley Wash tributary near Myton (station 09308200)

3.5 2

183
2302

969
1,350

20
2,590 1

93
31

1,110

1Determined by field survey.
2Estimated.
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Sept. 17, 1960
Sept. 9, 1961
Feb. 13, 1962
Aug. 6, 1963
June 12, 1965
July 1, 1966
July 9, 1968
Sept. 17, 1969
Sept. 6, 1970
Aug. 27, 1971



0.995 0 99 o 95 o 90 o 80

PROBABILITY
o 50 o 20 o 10 0.04 0.02 0.01 0.005

1 000

'" 1 0 0
z

'" 80u
w

'"
'"w
"-

....
w 2000w...
U

<Xl
:::>
u

1 000
z

'"'"'"...
:>:
u

'"

'"...
'""-
...A...
:::>
z
z...

100

0
A n

{:,

0 {:,

{:, D6
{:, 0

{:,Cb
{:,

0

09309000 Min n i e Maud Cr "e k a t Nut t e r Ranch, o ear Myton
{:, {:,

0 {:,

0
I- 0

--
[

-r -

0
DO

0
0

{:, {:, 6D

0
0

09309100 Gat e Canyon Myton 06Dnear
0

00
0

6. 6.
0

0

6.
0

30

'"z
'"u
w

'"

<Xl

30 G
z

'"'"
'"...
:>:
u

'"

...A...
:::>
z
z..

300

30

100 2005025101 . 25 2

RECURRENCE INTERVAL, YEARS
1.111 • 05

p
0

09308200 PI a san t Val ley Wash t rib uta r y near Myton
0

0
{:,

0
0

DO

{:, [
00

I- 0
~1000

1. 005 1. 01

1 0, 000

Figure 8.- Magnitude and frequency of annual peak di&charges at three
partial-record gaging stations. (See pI. I for locations of stations.)

6, estimated value from partial-record station; 0, calculated value
from Log-Pearson Type I I I analysis; 0, estimated value and calculated

value in same position.

21



Estimated mean annual runoff

Mean annual runoff from the southern Uinta Basin is estimated to
be on the order of 134,000 acre-feet (165 hm 3

). This estimate is based
partly on a method described by Moore (1968) to determine mean annual
runoff from ungaged areas using stream-channel geometry characteristics.
Estimates of runoff at selected sites are given in table 6.

The channel-geometry method of estimating mean annual runoff as
sumes that the cross-sectional area of a stream channel at a given site
is determined by the long-ternl runoff past that site; it has proven rea
sonably accurate when tested in gaged drainage basins. The error of
estimate using stream-channel geometry is lowest for perennial streams
with high annual runoff and highest for ephemeral streams with low annu
al runoff. According to F. K. Fields (U.S. GeoI. Survey, oral commun.,
1973) the error of estimate for gaged streams in the Utah part of the
Colorado River system was about 14 percent for perennial streams and
about 20 percent for ephemeral streams. In the southern Uinta Basin,
the estimated runoff in Willow Creek at the site of former station
09308000 (table 6, site 13) was within 3 percent of the average annual
gaged runoff for 8 years of record (table 4). The estimated mean annual
runoff from Avintaquin Creek is 14,600 acre-feet (18 hm 3

) (table 6, site
2). This estimated runoff is only about 7 percent greater than the av
erage annual runoff (1969-72) from that basin as determined by the dif
ference of the gaged discharge of the Strawberry River immediately above
(including inflow from Red Creek) and below the mouth of Avintaquin
Creek.

The largest discrepancy (about 40 percent) between estimated mean
annual runoff and average annual gaged runoff was for Willow Creek at
the site of station 09307500 (see tables 4 and 6). Recent high runoff
and streambank erosion at the site made it unusually difficult to
determine the channel characteristics that result from long-term mean
annual runoff.

Stream-channel geometry measurements were made at or near the
mouths of all principal streams draining to the Green, White, Duchesne.
and Strawberry Rivers. This prOVided an estimate of runoff from about
3,300 square miles (8,547 km 2

) or 67 percent of the southern Uinta
Basin.

Most of the area for which channel-geometry determinations were
not made included the largely inaccessible areas that drain to the Green
River in Desolation Canyon and several of the upland areas that drain to
the upper Strawberry River. In order to estimate mean-annual runoff
from these areas, an altitude-runoff relation using data given in table
6 was calculated and applied to the inaccessible areas. Because of the
numerous small individual drainages in these areas, however, the results
proved unsatisfactory. They were too high. Therefore, an estimate for
runoff-per-unit-area--27.3 acre-feet (0.03 hm 3

) per square mile (2.6
km 2

) per year--was determined from data given in table 6 and applied to
the entire southern Uinta Basin. This gave an estimate for total annual
runoff from the southern Uinta Basin of about 134,000 acre-feet (165
hm 3 )--about 90,000 acre-feet (111 hm 3

) from basins listed in table 6 and
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Table 6.--Estimated mean-annual runoff at selected sites
(Estimates by F. K. Fields and Don Price)

Type: EI, ephemeral or intermittent; P, perennial.

Area
(mi 2

)

Number
on plate 1 Name Type

Drainage basin
Mean

altitude
(ft)

Runoff
(acre
ft/yr)

1
2
3
4
5

6
7
8
9

10

11
12
13

14

15

16
17

18
19
20

21
22
23
24
25

26
27
28
29

Timber Canyon
Avintaquin Creek
Sams Canyon
Indian Canyon
Right Fork Indian Canyon

Coyote Canyon
Cottonwood Canyon
Antelope Creek
Unnamed
Big Wash

Peters Wash
Pariette Draw
Willow Creek (At gaging
station 09308000)

Willow Creek (At gaging
station 09307500)

Ute Canyon

Cottonwood Wash
Bitter Creek (At gaging
station 09306800)

Evacuation Creek
do

Park Canyon

Hells Hole Canyon
Gi1sonite Draw
Cottonwood Creek
Shave tail Draw
Sand Wash

do
Nine Mile Creek

do
Range Creek

P
P
EI
P
p

EI
EI
p 2

EI
EI

EI
p 3

P
EI

EI

EI
EI
EI
EI

EI
EI
EI
EI
EI

EI
P
P
EI

47
140

24
98
28

17
30

200
8.6

42

14
310

940

310
4.5

140

320
300
220

32

28
8.5

48
10
1.1

10
230
460
150

4,450
8,100
7,565
7,595
7,960

6,295
6,935
7,280
5,550
6,465

6,210
5,875

7,000

7,650
6,675

5,445

6,945
6,560
6,860
6,425

6,240
6,160
5,970
5,660
6,560

5,895
7,890
7,500
7,195

5,800
14,600
1,680
1,270

450 1

220
760

1,270
840 1

520 1

730 1

18,900

20,100

850

800
2,630

780 1

10 1

40
70

720
290
110 1

1,650
14,800 1

15,800
2,160

lRepresents runoff past the site but not from the project area. Not
used to estimate total runoff from the project area.

2Intermittent at mouth owing to upstream diversions for irrigation
and to consumptive use by native vegetation.

3Receives tai1water from the Duchesne River diversions for irriga
tion in the Pleasant Valley area.

23



about 44,000 acre-feet (54 hm 3
) from those basins for which channel

geometry determinations were not available.

Using runoff maps for Utah compiled by Bagley and others (1964),
potential mean annual runoff from the southern Uinta Basin (including
the part in Colorado) was estimated to be on the order of 240,000 acre
feet (296 hm 3). This assumes an average mean annual runoff of 0.25 inch
(6 rom) for the areas shown on the maps of Bagley and others (1964) that
produce less than 1 inch (25 rom) of runoff. This estimate is about
106,000 acre-feet (131 hm 3

) greater than the estimate based on channel
geometry; and it may be too high because the runoff maps were compiled
largely from data collected along the Wasatch Front where consumptive
use of streamflow by phreatophytes is not as pronounced as in the south
ern Uinta Basin (see Bagley and others, 1964, p. 65). Assuming both
estimates to be reasonably correct, however, then as much as 106,000
acre-feet (131 hm 3 ) of the water available for runoff is consumed by
evapotranspiration along the principal waterways where consumptive use
of water by phreatophytes and other vegetation is greatest. An example
of the depletion of streamflow by phreatophytes is illustrated by
streamflow data collected along Willow Creek. (See table 7.)

Table 7.--Streamflow data collected along Willow Creek,
September 27 and 28, 1972

Specific conductance: f, determined by field conductivity meter; L,
determined by laboratory analysis; see also table 13.

Specific
Location conductance Miles Miles

number Date Discharge (micromhos/ downstream between
(see pI. 1) (ft 3 /s) em at 25°C) from site Sl sites

Sl 9-27-72 3.52 1,000f
S2 do 3.07 1,000f 3.2 3.2
S3 do 3.06 1,000f 5.5 2.3
54 do 2.85 1,OlOL 8.7 3.2
S51 do .26 19.4 10.7
S6 9-28-72 .25 6,000L 21.5 2.1
S7 do .08 5,970L 23.0 1.5
S8 do 0 25.4 2.4

1Undetermined amount of water diverted for irrigation above this site.

According to table 7, there is a streamflow depletion of 0.45
ft 3 /s (0.013 m3 /s) in the 3.2-mile (5.1 km) reach of Willow Creek be
tween sites Sl and S2. Along this reach the valley floor is covered
with a luxuriant growth of greasewood, and the stream is lined locally
with saltcedar. There are no manmade streamflow diversions. Also, it
seems unlikely that there is any stream loss to the underlying bedrock
formations because artesian conditions apparently exist along this reach
as indicated by Sulphur Spring, (D-12-2l)19bdd-Sl, and artesian well
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annual inflow to Starvation Reservoir from the western part of the area
is estimated to be on the order of 26,000 acre-feet (32.1 hm 3

). Nearly
all of this inflow is from Avintaquin, Timber Canyon, and Sams Canyon
Creeks (table 6) and from Willow Creek (station 09285500 in table 4).
There is no direct method to determine how much water from these streams
is returned to the southern Uinta Basin with the imported water.
Considering evaporation losses in the reservoir perhaps 91 percent of
this water could be released from the reservoir to the Duchesne River
and returned to the area with the imported water. This is roughly
24,000 acre-feet (29.6 hm 3

) per year, or about 6 percent of the flow of
the Duchesne River at Myton. Therefore the estimated average annual
import of 75,000 acre-feet (92.5 hm 3

) per year is reduced by 6 percent,
and the net import is on the order of 70,000 acre-feet (86.3 hm 3

) per
year.

Some of the imported irrigation water is returned as tailwater to
the Duchesne River, and water from the Pleasant Valley area reaches the
Green River through Pariette Draw. Records are not available from which
to determine the volume of imported irrigation water that is returned to
the Duchesne and Green Rivers; but it could average as much as 30 per
cent of the total diversion, or on the order of 20,000 acre-feet (24.7
hm 3

) per year.

Some water also is imported from various sources in the northern
Uinta Basin for culinary use in the Duchesne-Myton-Pleasant Valley area.
The amount is not known but probably is less than 500 acre-feet (0.6
hm 3

) per year. All this water is consumed within the southern Uinta
Basin.

Ground water

Recharge

Ground-water recharge in the southern Uinta Basin is derived from
precipitation that falls within that subbasin and seepage losses of wa
ter imported for irrigation. Geologic structure may permit subsurface
inflow through pre-Tertiary rocks, as in the northwestward plunging Un
compahgre uplift (see fig. 3), but there are no data to support this as
sumption. Also the northward-dipping strata that crop out in the Book
Cliffs to the south probably convey some water into the area. However,
the amount of inflow is assumed to be small because the zone of poten
tial ground-water recharge high in the Book Cliffs is confined to a few
narrow outcropping bands of permeable strata that are capable of inter
cepting precipitation and runoff and conveying it into the southern
Uinta Basin.

The principal source of ground-water recharge is precipitation
that falls on the high southern rim of the Uinta Basin. Water from rain
and melting snow percolates directly, or from streams, into the under
lying sedimentary rocks. Recharge from precipitation was estimated
using a method developed by Eakin and others (1951, p. 79-81) and modi
fied by Hood and Waddell (1968, p. 22-23). The method assumes that a
fixed percentage of the average annual precipitation becomes ground
water recharge, taking into account such factors as volume, time, and

27



area of distribution of precipitation, geology,
estimate includes not only direct recharge from
recharge from streamflow.

and physiography. The
precipitation but also

Because of the predominantly fine-grained nature and low permea
bility of the rocks in the recharge area, percolation rates are very
slow. It is assumed, therefore, that most recharge occurs during the
winter when rain and snowstorms are more widespread and of longer dura
tion. The torrential late summer storms, which produce most of the to
tal annual precipitation (p. 12) and significant runoff, are generally
of too short duration to significantly add to ground-water recharge.
Therefore, it is estimated that only about 100,000 acre-feet (123 hm 3

)

or about 3 percent of the estimated average annual precipitation becomes
ground-water recharge. (See table 3.)

Ground-water recharge from imported irrigation water is signifi
cant in the Pleasant Valley area and along the alluvial plain of the
Duchesne River. R. W. Cruff and J. W. Hood (U.S. Geol. Survey, written
commun., 1974) found that the net loss from the Grey Mountain and Pleas
ant Valley Canal system averaged 24.5 ft 3 /s (0.7 m3 /s) during seepage
studies made between May 1972 and June 1973. Part of this water appar
ently reappears at the surface near the canals where it is consumed by
evapotranspiration. This is indicated by patches of phreatophytes and
areas of barren soil on which evaporated water has left a crust of alka
li. Some of the water that seeps from the canal system, however, does
percolate to the ground-water reservoir, as does water from ditches and
irrigated fields. Several well owners report that water from their
wells is of better chemical quality during the irrigation season than
during the nonirrigation season, consistent with the much lower concen
tration of dissolved solids in water from the Duchesne River. (See
tables 13 and 14.)

Assuming that at least 25 percent of the 75,000 acre-feet (92.5
hm 3

) of water that is imported from the Duchesne River annually seeps to
aquifers from local canals and irrigated land, then total annual re
charge from imported water may be on the order of 20,000 acre-feet (24.7
hm 3

). Total ground-water recharge from precipitation and imported wa
ter, therefore, is on the order of 120,000 acre-feet (148 hm 3 ).

Occurrence

Ground water in the southern Uinta Basin is in a complex system
of shallow unconfined, perched, and deep confined aquifers. Shallow
unconfined aquifers exist in the principal recharge area, along the
southern rim of the Uinta Basin, where they support the flow of many pe
rennial springs such as PR and Marble Springs (table 12), and in uncon
solidated deposits underlying the Pleasant Valley area and the alluvial
plains of the larger perennial streams. Most of the wells in the south
ern Uinta Basin tap the unconsolidated deposits in the Duchesne-Myton
Pleasant Valley area. Perched aquifers exist beneath the tablelands be
tween the major streams where they support the flow of small widely
scattered intermittent springs such as (D-lO-l7)l2baa-Sl and (D-ll-lS)
l5dbb-Sl (table 12).
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Deep artesian aquifers in bedrock underlie a major part of the
southern Uinta Basin. Such aquifers have been penetrated by a number of
oil and gas wells such as wells (D-11-24)6dbc-l and 7cac-l, which have
been converted to stockwater wells (table 10).

Movement

The available water-level data in the southern Uinta Basin are
insufficient to determine the direction of ground-water movement with
any degree of accuracy. The few available data indicate that west of
the Green River, ground water moves generally northward to the Straw
berry and Duchesne Rivers and eastward toward the Green River, with lo
cal components of movement toward the larger tributary streams. East of
the Green River, ground water generally moves northward toward the White
River and westward toward the Green River, with local components of
movement toward the larger tributary streams.

The rate of ground-water movement is slow in most places because
of the generally low permeability of the rocks through which the water
moves. This slow rate of movement allows longer periods of contact be
tween the water and the rock minerals and contributes to the consistent
ly high concentration of dissolved solids in the water. The slow rate
of movement is also responsible for the low yields and large water-level
drawdowns in many wells that tap these rocks (see table 10).

Some ground water moves from the Colorado part of the southern
Uinta Basin to the Utah part, but the annual volume of movement is rela
tively small. Only about 3,000 acre-feet (3.7 hm 3

) of the total esti
mated average annual recharge to the ground-water system in the southern
Uinta Basin (table 3) is in Colorado. It is estimated that about 1,500
acre-feet (1.8 hm 3

) per year of this water is consumed within Colorado-
about 1,200 acre-feet (1.5 hm 3

) by evapotranspiration along the alluvial
plains of the White River, Evacuation Creek, and several intermittent
creeks, and about 300 acre-feet (0.4 hm 3

) by diffuse seepage to the
White River (from ground-water discharge factors developed on pages
33-35). Discharge of ground water from wells and springs in the Colo
rado part of the southern Uinta Basin is insignificant. The remaining
1,500 acre-feet (1.8 hm 3

) per year enters Utah as subsurface inflow.

Storage

Estimated recoverable storage.--Large quantities of water are
stored in the rocks that underlie the southern Uinta Basin. Because of
the generally low permeability of these rocks, however, only a fraction
of the water can be withdrawn, and it generally is yielded slowly to
wells. Furthermore, the water occurs at great depths beneath the land
surface at places along the lower slopes of the southern Uinta Basin,
and although physically recoverable, recovery may not be economically
feasible.

For this report, the volumes of recoverable water in storage in
unconsolidated deposits and in the consolidated rocks are estimated sep
arately and without regard to chemical quality. The unconsolidated de
posits have a much greater specific yield (ratio of volume of water
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yielded by saturated rocks to the total volume of those saturated rocks)
than the unconsolidated rocks, but because of their small extent and
thickness, the unconsolidated deposits have a much lower storage capa
city. The areal extent of the saturated unconsolidated deposits is
about 96,000 acres (38,850 hm 2 ) and their average saturated thickness is
about 20 feet (6.0 m). Assuming that they have an average specific
yield of 0.10, the volume of recoverable water in them is about 190,000
acre-feet (234 hm 3

).

Although water is stored to great depths in the consolidated
rocks, recoverable water is estimated for only the upper 100 feet (30.5
m) of saturation in these rocks. Beneath the alluvial plains of the
larger streams, the top of the zone of saturation is within 100 feet
(30.5 m) of the land surface; but between streams along the lower slopes
of the southern Uinta Basin, it is more than 500 feet (152 m) deep. The
average specific yield of the consolidated rocks is estimated to be only
about 0.01 based on data from well (D-9-20)36ddc-l (Weir, 1970) and on
low yields of most wells and springs that discharge from these rocks.
The total volume of rocks in the upper 100 feet (30.5 m) of saturation
is on the order of 300 million acre-feet (370,000 hm 3

), and, therefore,
the volume of recoverable water may be on the order of 3 million acre
feet (3,700 hm 3

). Because of the low permeability of these rocks, how
ever, the water is not easily recovered by wells. In most places,
yields to individual wells can be expected to be less than 50 gal/min
0.6 lis).

Wate.r-level fluctuations .--Water-level fluctuations in wells re
flect changes in ground-water storage. Rising water levels indicate in-

.creases in storage whereas declining water levels indicate decreasing
storage. Under natural conditions the ground-water system is in dynamic
equilibrium. Average annual recharge and discharge are equal, and the
volume of ground water in storage remains constant over a long period of
time.

Periodic measurements of water levels have been made in an number
of wells in the Uinta Basin to record changes in storage. Measurements
at well U(C-4-2)5bba-2, the only water-level observation well in the
southern Uinta Basin, are shown by the hydrograph in figure 10. The
well taps unconsolidated deposits in the general area of greatest well
density in the southern Uinta Basin.

Figure 10.- Depth to the water level in well U(C-4--2)5bba-2
near Myton, Utah.
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According to the hydrograph, water levels fluctuated seasonally
during the period 1935-70, reflecting seasonal changes in ground-water
storage with little overall change from year to year. During 1971, how
ever, the water level in the well declined about 5 feet (1.5 m). Be
cause there was no known significant increase in ground-water withdraw
als in the area during that period, the decline must be attributed to a
change in ground-water recharge. There probably has been a decrease in
natural recharge owing to recent below normal precipitation in the area
(fig. 4), and there may have been a decrease in recharge from irriga
tion. The unconsolidated deposits in this area apparently receive some
recharge by seepage from canals and irrigated land. Probable changes in
irrigation diversions and practices in the area may have caused a reduc
tion of recharge from irrigation and resulting water-level decline in
the well.

Local year-to-year declines of water levels in consolidated rocks
in the northern Uinta Basin have been attributed to continued or in
creased ground-water withdrawals (Price and Arnow, 1974, p. C16). In
the northern Uinta Basin availability of water for recharge is much
greater than it is in the southern Uinta Basin. It seems reasonable,
therefore, to conclude that any local large-scale withdrawals of ground
water from consolidated rocks in the southern Uinta Basin would result
in a depletion of storage and a decline of water levels.

Discharge

Ground water is discharged from the southern Uinta Basin by seeps
and springs, evapotranspiration, diffuse seepage to the Green, White,
Duchesne, and Strawberry Rivers, and by wells. Some ground water may
move to the northern Uinta Basin in deep, confined aquifers which dip
northward into the northern Uinta Basin. Also, ground water might pos
sibly move along fault and gilsonite-dike zones that cross into the
northern Uinta Basin. However, no direct data exist to confirm such
movement to the northern Uinta Basin. It is most probable, therefore,
that ground water moving northward through the area (at least in the up
per 100 feet or 30.5 m of saturated rock) discharges by diffuse seepage
to the Strawberry, Duchesne, and White Rivers 0r their alluvial
deposits.

Seeps and springs.--Discharge of ground water through individual
seeps and springs in the southern Uinta Basin is estimated to be on the
order of 4,500 acre-feet (5.6 hm 3

) per year. Most of the springs and
seeps are above the 7,000-foot (2,134 m) altitude and are concentrated
mostly in the headwater areas of Avintaquin, Willow, and Bitter Creeks
(pl. 1). However, a number of springs, including those with the largest
yields, are at lower altitudes.

All springs known to have estimated or reported yields of more
than 100 gal/min (6 lis) and a representative sampling of springs with
smaller yields are listed in table 12. Assuming that the recorded
yields of the four large springs in table 12 approximate the annual av
erage yield of those springs, then they would have a total annual dis
charge of about 1,300 gal/min (82 l/s) or about 2,100 acre-feet (2.6
hm 3

) per year.
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At least 270 springs are shown on the U.S. Geological Survey 7~'

and 15' topographic quadrangle maps of the southern Uinta Basin. Field
observations indicate that the maps show only about half of the springs
and seeps actually in the mapped area. Therefore, it is estimated that
there are at least 500 individual springs and seeps in the area. Of
these 500 springs and seeps, several have reported yields of as much as
60 gal/min (3.8 lis) (table 12), but most of the springs observed by the
writers had yields of 0.5 to 5 gal/min (0.03 to 0.32 lis). It is con
cluded from these observations that the average yield per spring is
about 3 gal/min (0.19 lis), and that total annual discharge from them
averages about 1,500 gal/min (95 lis) or about 2,400 acre-feet (3.0 hm 3

)

per year. This, plus the 2,100 acre-feet (3.0 hm 3
) per year from the

four large-yield springs, gives a total discharge from springs and seeps
of about 4,500 acre-feet (5.6 hm 3

) per year.

Some of the water from Stinking Springs, Camel Rocks Springs, and
several springs observed by Thomas (1952, p. 23) in Desolation Canyon
reaches the Strawberry and Green Rivers and leaves the area as stream
flow. Essentially all the water discharged by the other seeps and
springs in the southern Uinta Basin is consumed at or near the point of
discharge.

Evapotranspiration.--A large volume of ground water is consumed
annually by evapotranspiration in the southern Uinta Basin. Most of
this water is consumed by greasewood, saltcedar, and saltgrass along the
lower reaches of the perennial and larger intermittent streams. The
plants are all phreatophytes (water-loving plants that thrive on ground
water) that have a high salt tolerance. Under ideal growing conditions
and 100 percent plant density, greasewood may consume 2 feet (0.6 m) or
more of water annually, and saltcedar may consume as much as 9 feet (2.7
m) (Mower and Nace, 1957, p. 21, and Robinson, 1958, p. 75). The figure
for greasewood probably is representative for the southern Uinta Basin,
but the figure for saltcedar is somewhat high as it was obtained in a
warmer climatic zone with a longer growing season.

As noted earlier, these plants are the dominant vegetation along
the alluvial plains of the Green, White, and the lower Duchesne Rivers
and the larger streams that head in the southern Uinta Basin. Estimated
consumptive use of water in the southern Uinta Basin by these phreato
phytes ranges from about 1.5 to 3.5 feet (0.5 to 1.1 m) and totals about
204,000 acre-feet (252 hm 3

) per year (table 8). Although essentially
all the water consumed by phreatophytes along the flood plains of the
perennial streams (the first three groups in table 8) is ground water,
much of this water is derived from streamflow induced into the adjacent
alluvial aquifers by the pumping effect of the phreatophytes as shown in
figure 9 and discussed on pages 24-25. Because this water simply passes
through the aquifer to the plant roots at a relatively rapid rate, it
has not been regarded as a source of ground-water recharge in this re
port, nor is it counted as ground-water discharge by evapotranspiration.
However, some of the water consumed by phreatophytes is derived directly
from the ground-water system (from alluvium that would be saturated even
if the phreatophytes did not exist).
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Tabll' H, --Estimated consumptive use of water by phreatophytes in non irrigated areas

Fluod plains of till' (;rl'ell ,lnd \"riJitl' Rivers

Fluud pl'I!.llS of jlul..'hl'Sl1l' ,llld Strawbl'rry
I{ [vl'rs

Flood pl'ILlIs "f till' following :itrl"lm:.; dnl!
(ilL'i r t ribularil's: Avinlaqu ill, llldi.an

(.:<.1I1Y,'I1. ,\nlt'l'lpc, 'w'i Ilow. 1\ i tt,,'r,
IV<..l'llat.ioll, Nirw ~lil(', <lnd I{dllEl' Crl'l'ks,

;!lul 11,:lrietle Draw

(;reasewooJ, cott()IlWOOJ, saltcedar, and s.1.1tgrass 22,100

Grcasewood, sallcedc>r. saltgrass. cottonwood,
and wil.Lllw ],700

(':;:~~~~~~:,1(:saltcedar. saltgrass, and some
r l:ottonwood and willow in

uppvr rV<lcill2s of streams

(.s.ooo

3.5

3.0

2.S

Consumptive

(acre-fUyd

77 ,400

11 ,lOO

112, '>00

SdlllS, Lilke, alld
\v,!';II; C<llioliwood

Cut LUllwouJ RabbiLbnlsh in ;;ams Canyon; greasewood in
(It.lwl' drainages l,200

Total (rounded)

.75

204,000

The percentage of consumed water that is derived from induced
seepage from streamflow may be approximated from measured streamflow
depletion between sites Sl and S2 on Willow Creek (table 7). Discharge
of ground water only by evapotranspiration is equal to the total esti
mated consumptive use of water by phreatophytes (table 8) minus that
percentage estimated to be from induced seepage from streamflow.
According to table 7, the streamflow depletion between sites Sl and S2
on September 27, 1972, was 0.45 ft 3 /s (0.013 m3 /s). As noted on pages
24-25, this loss is attributed entirely to consumptive use of water by
phreatophytes growing along the alluvial plain of the stream between the
two sites, and the consumptive use rate may approximate the annual mean.
Therefore, the consumptive use of streamflow by phreatophytes between
sites Sl and S2 may total about 300 acre-feet (0.4 hm 3

) per year. About
200 acres (80.9 hm2

) of phreatophytes in this reach have an estimated
annual water requirement of about 2.5 feet (0.8 m) or 500 acre-feet (0.6
hm 3 ). With an annual contribution of 300 acre-feet (0.4 hm 3

) from in
duced streamflow, the annual draft from ground water without the induced
streamflow component is about 200 acre-feet (0.2 hm 3

), or 40 percent of
the total consumptive use. If this factor were applied to the estimated
consumptive use of water by phreatophytes along perennial streams (the
first three categories in table 8) in the southern Uinta Basin, about
80,400 acre-feet (99.2 hm 3

) would be from ground water. An estimated
additional 2,400 acre-feet (3.0 hm 3 ) of ground water is consumed along
intermittent and ephemeral streams. Therefore, the total estimated
discharge of ground water by evapotranspiration is estimated to be on
the order of 83,000 acre-feet (102 hm 3

) per year.

Diffuse seepage to the Green~ White~ Duchesne~ and Stxuwbex'ry
Rivers.--Some ground water discharges from the southern Uinta Basin to
the Green, White, Duchesne, and Strawberry Rivers. Part of this water
is consumed by evapotranspiration along the courses of those streams and
part leaves the Uinta Basin in the Green River.

The volume of ground water that leaves the southern Uinta Basin
by diffuse seepage to the Green, White, Duchesne, and Strawberry Rivers
cannot be determined with any degree of accuracy from available data. A
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provisional estimate is made from the meager stream discharge records,
which themselves are partly estimated.

Streamflow records in the files of the Geological Survey indicate
that the average (1941-70) rate of gain in flow of the Green River be
tween the gaging ~tations near Ouray (site 3070 on pl. 1) and Green
River, Utah (about 9 miles or 14.5 km south of the southern Uinta Ba
sin), was about 200 ft 3 /s (5.7 m3 /s) (F. K. Fields and D. B. Adams, U.S.
Geol. Survey, written commun., 1974). Subtracting the average (1941-70)
rate of inflow (102 ft 3 /s or 2.9 m3 /s) from the Price River, which en
ters the Green River just downstream from the southern Uinta Basin, the
net measured gain in flow of the Green River between Ouray and Green
River, Utah, was found to be about 100 ft 3 /s (2.9 m3 /s) during the per
iod 1941-70. To this should be added the unmeasured evapotranspiration
loss along this reach of the river. Thomas (1952, p. 29) estimated that
the rate of evapotranspiration loss in the reach between Ouray and Green
River, Utah, totaled 54 ft 3 /s (1.5 m3 /s) during a reconnaissance of the
river in September 1948. Assuming this approximates the average .rate
of loss during the period 1941-70, then the actual rate of gain in flow
(net measured gain plus evapotranspiration loss) during that period
would have been about 150 ft 3 /s (4.2 m3 /s), or on an annual basis-
about 108,600 acre-feet (134 hm 3

) per year. For practical purposes, all
this gain in flow is attributed to inflow from the southern Uinta Basin.
(Other than from the Price River, there is insignificant inflow between
the southern Uinta Basin and Green River, Utah.)

Estimates of mean annual runoff in the streams listed in table 6
that drain to the Green River below Ouray totaled about 57,000 acre-feet
(70.3 hm 3

). Using the area-runoff relation--27.3 acre-feet (0.03 hm 3
)

per year per square mile (2.6 km2 )--discussed on page 22, total runoff
from all other streams draining to the Green River below Ouray is esti
mated to be about 25,000 acre-feet (30.8 hm 3

) per year. Another 2,000
acre-feet (2.5 hm 3

) per year probably enters the Green River in this
reach from individual springs, according to Thomas (1952, p. 23).
Therefore, total inflow to the Green River from streams and individual
springs is estimated to be on the order of 84,000 acre-feet (104 hm 3

).

Subtracting this from the total gain in flow of 108,600 acre-feet (134
hm 3

) per year leaves about 25,000 acre-feet (30.8 hm3 ) per year, which
may be attributed to diffuse seepage of ground water directly into the
stream channel. This is about 200 acre-feet (0.24 hm 3

) per river mile
(1.6 km), of which 100 acre-feet (0.1 hm 3

) per river mile (1.6 km) is
assumed to be contributed from each side of the river.

The rocks that bound the Green, White, Duchesne, and Strawberry
Rivers are lithologically similar; therefore, on the average, they are
assumed to have similar permeabilities. Ground-water gradients toward
the White, Duchesne, and Strawberry Rivers from the south are on the av
erage about half as steep as gradients to the Green River (see pl. 1).
Therefore, the diffuse seepage of ground water to the former three
streams from the south probably averages only about 50 acre-feet (0.06
hm 3

) per mile (1.6 km) per year. Along the total l37-mile (220 km)

courses of these streams, therefore, total ground-water inflow from the
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southern Uinta Basin may be on the order of 7,000 acre-feet (8.6 hm 3
)

per year. Total annual discharge of ground water by diffuse seepage to
the Green, White, Duchesne, and Strawberry Rivers then is estimated to
be on the order of 30,000 acre-feet (37.0 hm 3

) per year, all of which
leaves the area as part of the ground-water component of streamflow.

Wells.--Ground water is discharged from both water wells and oil
and gas wells in the southern Uinta Basin. According to the records of
the Utah Division of Oil and Gas Conservation, approximately 600,000
gallons (2,271 m3

) of water were produced from oil and gas wells in the
area during 1972. This is less than 2 acre-feet (0.002 hm 3

). Total
discharge from the few known flowing artesian wells (table 10) amounts
to about 400 acre-feet (0.5 hm 3

) per year. Annual discharge from all
other wells in the area is estimated to total about 100 acre-feet (0.1
hm 3

). Most of these wells are concentrated in the Duchesne-Myton
Pleasant Valley area where many are used only for stock or standby
domestic supply. Total annual discharge from all wells in the southern
Uinta Basin, therefore, is estimated to be on the order of 500 acre-feet
(0.6 hm 3

).

SUMMARY OF QUANTITATIVE ESTIMATES

Table 9 summarizes the estimated values for various components of
the hydrologic system in the southern Uinta Basin.

About 94 percent of the average annual volume of water entering
the southern Uinta Basin from precipitation and imports is consumed by
evapotranspiration within that subbasin. The remaining 6 percent enters
the Green, White, Duchesne, and Strawberry Rivers--mostly as overland
runoff.

CHEMICAL QUALITY OF WATER

General

The types and amounts of dissolved solids in water in the south
ern Uinta Basin vary greatly over short distances both areally and with
depth. The dissolved-solids concentrations of most streams increase
rapidly in a downstream direction, especially during low-flow periods in
late summer; and the dissolved-solids concentrations of the ground water
change markedly from one aquifer to another. Streamflow ranges from
fresh to moderately saline and ground water ranges from fresh to briny,
according to the following classification used by the U.S. Geological
Survey.

Class

Fresh
Slightly saline
Moderately saline
Very saline
Briny
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Dissolved solids
(milligrams per litre)

0- 1,000
1,000- 3,000
3,000-10,000

10,000-35,000
More than 35,000



Table 9.--Summary of quantitative hydrologic estimates

Component

Inflow:
Precipitation (p. l~

Imported water, net (p. 25)

Total

Outflow:
Overland runoff (p. 22)
Irrigation return flows (p. 27)
Ground-water outflow (p. 35)

Subtotal (rounded)

Evapotranspiration in subbasin

Ground-water system:
Recharge:

From precipitation (p. 28)
From imported water (p. 28)

Total

Hydrologic balance
Long-term average in
acre-feet per year

3,100,000
70,000

3,170,000

134,000
20,000
30,000 1

184,000

2,986,000 2

100,000
20,000

120,000

Discharge:
Evapotranspiration along waterways (p. 33)
Subsurface outflow (p. 35)
Seeps and springs (p. 31)
Wells (p. 35)

Total

Recoverable ground water in storage:

In unconsolidated deposits (p. 30)
In consolidated rocks 3 (p. 30)

Total (rounded)

83,000
30,000
4,500

500

118,000

Acre-feet

190,000
3,000,000

3,200,000

1
Includes about 2,000 acre-feet of surface flow to the Green and

Strawberry Rivers from individual springs.
2Calculated difference between total inflow and other components

of outflow.
3Upper 100 feet of saturated rock only.
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In general, water at the higher altitudes is freshest. There
appears to be no clear correlation between water quality and geology,
although water from the Uinta Formation, which crops out in the lower
altitudes, seems to be consistently more saline. The ratio of indi
vidual dissolved constituents seems to be more closely related to the
relative concentration of total dissolved solids rather than to the
geologic source of the water. The general chemical quality of water in
the southern Uinta Basin is shown on plate 3.

Surface water

Table 13 contains chemical analyses of water collected from
streams at miscellaneous sites throughout the southern Uinta Basin.
Only selected analyses are included in table 13. For regular
water-quality stations on the Green, White, and Duchesne Rivers
(stations 09307000, 09306500, and 09302000 on pl. 1, and sites 22, 21,
and 20 on pl. 3). Additional analyses, beginning in 1950, of water from
those sites are available in the files of the Geological Survey.

The discharge weighted average concentrations of dissolved solids
in the Green, White, and Duchesne Rivers at sites 22, 21, and 20, for
the period 1964-66, respectively, were 457, 484, and 702 mg/l. Recorded
concentrations of dissolved solids in the Green and White Rivers gener
ally are less than 1,000 mg/l throughout the year, but the concentra
tions of dissolved solids in the Duchesne River commonly exceed 1,000
mg/l and occasionally exceed 2,000 mg/l during late irrigation and low
flow periods.

The dissolved-solids concentrations in water samples from streams
that head in the southern Uinta Basin ranged from 343 mg/l near the head
of Minnie Maud Creek (site 8) to 7,240 mg/l near the lower end of Bitter
Creek (site 18). There is a marked increase in the dissolved-solids
concentration of water collected from downstream sites (sites 14 and 17)
over that from upstream sites (sites 12 and 16) on Hill and Willow
Creeks. The higher concentrations of dissolved solids in water in the
lower stream reaches is common to all streams sampled; it is attributed
to inflow of saline ground water, to irrigation return flows, and to con
centration of dissolved solids by evapotranspiration of the stream water.

In the headwater areas, where dissolved-solids concentrations are
low, the stream water is of a calcium bicarbonate type, whereas water in
the lower stream reaches generally contains magnesium and sodium as the
dominant cations, and sulfate is the dominant anion. Exceptions occur
during high runoff periods in the lower reaches of streams that drain
the extreme western part of the study area. Because of rapid runoff
from these relatively short drainage basins, water in the lower reaches
is fresh and either of a mixed or calcium bicarbonate type, as indicated
by analyses of water from Timber Canyon and Avintaquin Creeks (table
13).
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Ground water

Chemical analyses of water sampled from water wells and springs
are given in table 14; analyses of water from oil and gas wells and
tests are given in table 15. The dissolved-solids concentrations in
water sampled from springs ranges from 190 mg/l at Horse Ridge Springe?)
to 7,702 mg/l at Stinking Spring. Water from springs in the headwater
areas of the principal streams above an altitude of about 8,000 feet
(2,438 m) generally contains less than 1,000 mg/l of dissolved solids,
whereas water from springs in the lower altitudes generally contains
more than 1,000 mg/l. The high-altitude springs are near their recharge
areas, whereas the low-altitude springs sampled are generally far re
moved from their recharge areas. Therefore, water discharging from the
high-altitude springs has had less time of travel in the aquifer system
and less opportunity to dissolve minerals.

The dissolved-solids concentrations in water from water wells
(including several water-producing oil and gas tests that were .converted
to water wells) range from 327 mg/l in well (D-13-l4)24dba-l, which is
the Green River Formation, to 4,480 mg/l in well U(C-4-2)5bba-2, which
taps unconsolidated deposits near their contact with the underlying
Uinta Formation. The high concentrations of boron, sulfate, and
dissolved solids in water from the latter well indicate that the
original source of a large percentage of the water is the Uinta
Formation.

Waters sampled from most oil and gas wells and tests were col
lected from depths of more than 1,000 feet (305 m) and generally are
slightly saline to briny. (See table 15.) The only freshwater sampled
from oil tests was from wells (D-l1-l2)14baa-1 and (D-14-20)30bab, which
tapped the Green River Formation between depths of 635-650 and 1,883
1,910 feet (194-198 and 574-582 m), respectively. These waters con
tained only 619 and 818 mg/l of dissolved solids, respectively. The
dissolved-solids concentration in water from other oil and gas wells and
tests listed in table 15, however, ranges from 1,086 to more than
100,000 mg/l.

Plate 3 shows the ranges of dissolved-solids concentrations that
can be expected from at least one aquifer in the southern Uinta Basin.
It shows that the only areas where fresh ground water generally is
available are along the higher south rim of this subbasin.

In many cases, the dissolved-solids concentrations in the ground
water increase with depth. Consequently, even at higher altitudes where
freshwater is obtained from springs and shallow wells, deep aquifers
are likely to contain saline water. For example, although well
(D-14-20)30bab produced freshwater from the Green River Formation at a
depth of 1,883-1,910 feet (574-582 m), well (D-14-20)30ac, less than
half a mile (0.8 km) to the southeast, produced very saline water from a
depth of 3,790-3,820 feet (1,155-1,164 m).
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"The following chemical
water supply in excess of the
more suitable supplies are or
Health Service, 1962, p. 7.)

There is no clear correlation between the chemical type of ground
water and the geologic source of the water in the southern Uinta Basin.
Most of the waters containing less than about 1,000 mg/l of dissolved
solids are of the calcium bicarbonate or magnesium bicarbonate type (pl.
3), regardless of geologic source. However, most of the freshest waters
are from high-altitude springs that discharge from the Green River For
mation. Slightly to moderately saline waters generally are of the sodi
um bicarbonate or sodium sulfate types. Chloride is a minor constituent
in water from water wells and springs in the area but is a major con
stituent in the very saline to briny waters from deep oil and gas wells
and tests.

Although not shown by Stiff diagrams on plate 3, table 15 indi
cates that a number of the more highly concentrated water samples col
lected from oil and gas wells and tests in the Uinta and Green River
Formations, such as U(C-4-5)14dca-1, are of the sodium carbonate type.
Similarly, three water samples from Stinking Spring had sodium and car
bonate as the principal cation and anion (table 14). All these waters
apparently were in contact with evaporite deposits .that contain beds of
trona, a hydrous sodium carbonate mineral.

Chemical quality in relation to use

Domestic and stock

The U.S. Public Health Service (1962) has established water
quality standards for drinking water which include dissolved mineral
constituents among other parameters. The following table lists the max
imum limits recommended by the Public Health Service for some of the
more common mineral constituents for which analyses are given in tables
13, 14, and 15.

substances should not be preserrt in a
listed concentrations * * * where other

can be made available." (U.S. Public

Substance

Chloride (Cl)
Fluoride (F)
Iron (Fe)
Nitrate (N0

3
)

Sulfate (S04)
Dissolved solids

Recommended limit
(milligrams per litre)

250
1.3 1

.3
45 (10 mg/l

expressed as N)
250
500

lBased on the average maximum daily air temperature of 60.7°F
(15.9°C) at Duchesne, Utah (1968-72).
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According to the foregoing table most of the waters in the area,
except those from the upper reaches of streams and high-altitude
springs, exceed the maximum limit of 500 mg/l for dissolved-solids con
centrations. The recommended limit of 250 mg/l for sulfate also is ex
ceeded in many of the water sources, and the maximum recommended limit
of 1.3 mg/l for fluoride is exceeded in a number of sources.

The generally poor chemical quality of water in the southern
Uinta Basin with regard to suitability for domestic use has made it nec
essary for water suppliers in the population centers of Duchesne, Myton,
and Pleasant Valley to import better quality water from the northern
Uinta Basin. Water from many sources in the southern Uinta Basin may
not be chemically suitable for drinking.

The State of Montana (McKee and Wolf, 1963, p. 113) rates water
for livestock on the basis of dissolved solids as follows:

Rating

Good
Fair
Poor
Unfit

Dissolved solids
(milligrams per litre)

Less than 2,500
2,500-3,500
3,500-4,000

More than 4,500

According to this rating, water from most springs, water wells,
and upper stream reaches is suitable (but only poor to fair in many
cases) for livestock. Water from the lower reaches of some streams,
such as Bitter Creek (during low flow), an orifice of Stinking Spring,
and certain oil and gas wells, may be unfit for livestock. However,
cattle are known to drink water with more than 4,500 mg/l of dissolved
solids where better water is not available.

Irrigation

Important characteristics that help to determine the chemical
suitability of water for irrigation in arid and semiarid areas are the
specific conductance (electrical conductivity) and sodium-adsorption
ratio (SAR) of the water (see table 13, 14, and 15). Specific conduc
tance is an index of dissolved-solids concentration of the water and SAR
is an index of the ratio of sodium to other cations in the water accord
ing to the following equation:

SAR = Na+-VCaH
; Mg++

where the concentrations of the ions are expressed in milliequivalents
per litre.
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The U.S. Salinity Laboratory Staff (1954~ p. 69-81) has devised a
method of classifying irrigation water by plotting SAR against con
ductivity of the water in the diagram shown in figure 11. The classifi
cation is based on average conditions with respect to soil texture~ in
filtration rate~ drainage, amount of water applied, climate, and salt
tolerance of crops.

According to this classification, water from the Green, White,
and Duchesne Rivers at water-quality stations 09307000, 09306500, and
09302000 (sites 22, 21, and 20 in table 13) and from the upper reaches
of the streams that drain the southern Uinta Basin has a low
sodium-medium to high salinity hazard for irrigation under average
conditions. However, water from the lower reaches in Willow,
Evacuation, and Antelope Creeks probably would have high to very high
sodium and salinity hazards, except perhaps during peak runoff periods.

Although waters from the high-altitude springs have a low sodium
medium to high salinity hazard, ground water in the lower altitudes most
likely would have a high to very high sodium and salinity hazard as in
dicated by the analyses of water from spring (D-12-2l)19bdd-Sl and well
U(C-4-3)9bbd-l (table 14). It is interesting to note that water from
the only well in the southern Uinta Basin known to be drilled
specifically for irrigation--well U(C-5-5) 34bdd-2--has a high salinity
hazard but a low sodium hazard.

Relative concentrations of boron in water also determine the
suitability of the water for irrigation. Wilcox (1958, p. 5) has clas
sified plants as sensitive, semitolerant, and tolerant, according to
their ability to withstand the toxic effects of various concentrations
of boron. Irrigation water with boron in concentrations of less than
0.3 mg/l is considered suitable for even the most boron-sensitive crops
such as corn and legumes, whereas water with concentrations of boron in
excess of 4.0 mg/l may be unsuitable for the most boron-tolerant plants
such as alfalfa.

According to tables 13 and 14, the concentrations of boron in the
southern Uinta Basin range from 0.07 to 10.00 mg/l in water from streams
and 0.00 to 22.6 mg/l in water from springs and water wells. The con
centration of boron in the Duchesne River near site 20 ranged from 0.12
to 2.99 mg/l and averaged 0.75 mg/l in 22 samples collected between 1942
and 1958 (Iorns and others, 1964, p. 586-587). However, the boron con
centration may be somewhat lower upstream where water is diverted for
irrigation in the southern Uinta Basin. Major contributions of boron to
the Duchesne River come from Indian Canyon Creek, which enters the
Strawberry River near its confluence with the Duchesne River above the
Grey Mountain-Pleasant Valley Canal diversion, and Antelope Creek, which
enters the Duchesne River above the Myton Townsite Canal Diversion.
(See table 13.)

The initial source of boron apparently is the evaporite deposits
in the Uinta and Green River Formations. Seeps and individual springs,
such as U(C-5-6)lcaa-Sl and S2, probably contribute most of the boron to
the streams, and the boron content is concentrated as the streamflow is
depleted by evapotranspiration.

41



1~(SAR 39)

100

30

28 EXPLANATION
(See pl. 3 for locations)

5000

30

20

VERY HIGH

11•
13•

3

HIGH

2250
per centimeter at 2S0C)

SALINITY HAZARD

2

MEDIUMLOW

Duchesne River at site 20
(196~-66 weighted average)

2 White River at site 21
(196~-66 weighted average)

3 Green River at site 22
(196~-66 weighted average)

~ Minnie Maud Creek at site 8
(10-12-71)

5 Hill Creek at site 16
(9-2-71 )

6 Antelope Creek at site 6
(3-13-72 )

7 Willow Creek at site 15
(9-2-71 )

8 Evacuation Creek at site 19
(9-2-71 )

9 (D-18-20)7bad-SI
10 (D-IS-23)36ddd-SI
I 1 (D-9-17)21 dca-I
12 (D-12-21)19bdd-SI
13 U(C-~-3)9bbd-1

I~ U(C-5-5)3~bdd-2

2

26

12

2~

22

20
o
t-
<I:

'T 18
z:o

t
~ 16
eno
<I:

~ I~
o
oen

:x:
<!l

:x:

~---/..---40:---_0~--_---/.._+-""""-'----L-""""--'-1f-J-~----L-f---'-_--L-~0
100 250 750

SPECIFIC CONDUCTANCE (micromhos

::E:
::>

o
o
en

o
0::
<I:
N
<I:
:x:

Figure 11.- Diagram used to classify water for irrigation.
(From U.S. Salinity Laboratory Staff, 1954-.)
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AVAILABILITY OF WATER FOR FUTURE DEVELOPMENT

The largest future water needs in the southern Uinta Basin most
likely will be for development of oil-shale reserves (including related
municipal and satellite industrial needs) in this subbasin and for sup
plementary irrigation. The amount of water needed for oil-shale devel
opment is not known, but preliminary estimates given by the U.S. Depart
ment of the Interior (1973, Table 111-5) indicate that it might range
from about 6,000 to 9,600 acre-feet (7.5-11.8 hm 3

) per year for an oil
production capacity of 50,000 barrels per day. Associated public supply
and industrial needs could exceed 1,000 acre-feet (1.2 hm 3

) per year.

Considerably more irrigation water will be needed in the southern
Uinta Basin if all land classified as arable is to be placed under irri
gation. Austin and Skogerboe (1970, p. 46-49), for example, indicate
that there are about 33,000 acres (13,355 hm2

) of arable land on
Pariette Bench, along the White River, and in the Green River bottom be
tween the White River and Willow Creek. Most of this land currently is
not irrigated. At a crop requirement of 3 feet (0.9 m) per year, the
amount of water needed to irrigate all the land would exceed 100,000
acre-feet (123 hm 3

) per year.

Water to meet some of the potential future needs in the southern
Uinta Basin could be obtained by increased utilization of the water sup
ply that originates from precipitation entirely on this subbasin. De
velopment of such a supply would be deterred, however, by such factors
as uneven time and areal distribution of the supply and generally poor
chemical quality of the water.

The water supply from precipitation on the southern Uinta Basin
averaged about 3.1 million acre-feet (3,800 hm 3

) annually during the
period 1941-70. Annual runoff from this subbasin is estimated to aver
age about 134,000 acre-feet (165 hm 3

). An estimated 3.2 million acre
feet (3,947 hm 3

) of recoverable ground water is stored in the unconsoli
dated deposits and upper 100 feet (30.5 m) of saturated consolidated
rocks in this subbasin, with an estimated average annual replenishable
ground-water supply of about 120,000 acre-feet (148 hm 3

). Although
these figures seem quite impressive, only a small fraction of the water
is readily available for development.

Runoff is highly irregular; much of it is in intermittent and
ephemeral streams and cannot be relied on for large sustained supplies.
The only basins in which development of large sustained supplies by reg
ulation seems possible are the Evacuation, Willow, Nine Mile, Range, and
Avintaquin Creek basins. Estimated mean annual runoff from these basins
totals about 55,000 acre-feet (61.7 hm 3

) per year (table 6). Reservoir
storage of runoff from these basins would provide a supply of high
quality water for use during low-flow periods.
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The best potential source for future large-scale development of
ground water in the southern Uinta Basin lies in the unconsolidated al
luvial deposits along the Green, White, and Duchesne Rivers. These de
posits, where saturated, generally are less than 50 feet (15.2 m) thick
and are of small extent. Because of their relatively high permeability,
however, they seem capable of supporting sustained yields of more than
100 gal/min (6.3 lis) to large-diameter wells or infiltration systems.
The close relation between the surface water and ground water along the
major streams in the southern Uinta Basin, however, indicates that such
development doubtless would affect streamflow. However, pumping water
from the unconsolidated deposits may, by lowering the water table, help
to reduce nonbeneficial consumptive use of water by phreatophytes.

The bedrock formations that underlie the southern Uinta Basin are
generally not permeable enough to support large sustained withdrawals
(more than 500 gal/min or 31.5 lis) from wells. Much of the Uinta For
mation is drained by the deeply incised streams that dissect it, and
where it is saturated it yields water slowly to most wells and springs.
The Green River Formation seems relatively permeable in the general vi
cinity of well (D-11-24)7cac-l, but data collected during this study
failed to indicate the existence of an extensive permeable "leached
zone" such as was reported in the Green River Formation where it under
lies the Piceance Creek Basin of Colorado just east of the Uinta Basin
(Coffin and others, 1971). The Wasatch and North Horn Formations and
sandstone units of the Mesaverde Group appear to be relatively permeable
in areas of outcrop in the Range Creek area, but oil-test data indicate
that they have low permeability in the subsurface beneath most of the
southern Uinta Basin.

A major problem affecting the future development of water that
originates from precipitation in the southern Uinta Basin is the gener
ally poor chemical quality of the water. Any plan to develop fresh
water supplies for use in the lower parts of this subbasin probably
would have to consider conveying the water from higher areas or
desalting the water from a local source.

FUTURE STUDIES

The information given in this report provides a general regional
appraisal of the water resources of the southern Uinta Basin. Consider
able detailed study is needed on a local scale to provide information
for better delineation of the chemical quality of the water, for refine
ment of quantitative estimates given herein, and for evaluation in
greater detail of the best potential sources for future development.
Additional study may also be required to provide information needed to
mlnlmlze the effects of oil-shale development on the water quality of
the Colorado River system and the environment in general.
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Several studies that could be done in the near future are:

1. A systematic study of the hydrologic properties of the Green
River Formation, with emphasis on the Parachute Creek Member.
The Parachute Creek Member contains the richest oil-shale depos
its in the area and may contain a permeable "leached zone" be
neath the shale similar to that found in the Piceance Creek Basin
of Colorado. Such a study would require detailed examination of
all available oil-field geophysical data, test drilling, and
aquifer tests.

2. A detailed study of consumptive use of water by phreatophytes
along perennial streams such as Willow and Nine Mile Creeks. De
termination of water salvage by phreatophyte eradication or re
placement would be included in the study. Such a study would re
quire construction of observation wells and installation of
special instruments to monitor streamflow, ground-water levels,
evaporation, precipitation, and water quality.

3. A qualitative evaluation of the stream-aquifer systems, espe
cially along the Duchesne River.

4. A study to determine the feasibility of upstream regulations of
such streams as Willow and Nine Mile Creeks to conserve the water
of good quality that normally is lost by outflow during periods
of high runoff. The study would include evaluation of possible
damsites and methods to convey, distribute, and use the water.

5. A study to determine means of minimizing the effect of oil-shale
development on the chemical quality of the Colorado River sys
tems. Such a study would include examination of sites for sur
face disposal of spent shale and for evaporation of produced
brines. It would also include evaluation of sites for subsurface
injection of brines. This would require drilling of injection
and observation wells and installation of monitoring equipment to
determine the environmental impact and the economic feasibility
of subsurface injection.
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Table 10. --Records of selected water wells

Casing depth: Depth to bottom of casing or to uppermost opening in casing.
Water-bearing zone(s): Character of material; G, gravel; Ls, limestone; S, sand; Sh, shale; 5s, sandstone.
Altitude of land surface: Above mean sea level, as interpolated from u.s. Gl~ological Survey topographic maps.
Water level: F, well flows under unknown artesian head; figures are feet below land surface and are reported, except for those shown to nearest tenth which wen; measured by thl'

U.S. Geological Survey.
Yield: Reported, rate assumed to he by pumping except (b) bailing or (f) a(tesian flow; drawdown assumed to be feet below static water level.
Use: D. domestic; I, irrigation; N. industrial; S, livestock; U. unused.
Remarks and other data available: C. chemical analysis of water in table 14; Fe, field determination of specific conductance of the water (micromhos per em at 25°C); T.. litho
logic log in table 11.

\,Jater-bearing zones(s)

Location Owner
.c

"·~
".~··u

"o

Water level Yield

~

o

Remarks and othl'r data available

1935 22

1960 31

19')2 166
1964 5,672

48 Exci1vat:~on at Snyder Spr~ng; so~l,

0-6 ft; solid lime, 6-22 ft; C.
Wat!~r reported salty; L.

Fonner gas-producing well; calling
11 1/8 In. to Hi8 ft; 5 in. to
5,672 ft; Co

Rcpn'spntat iVl- of s('vl~ral wells
that lap alluvium of Whitl~ River
in this arl~a; boulders, 0-22 ft;
gravl'l, 22-]1 ft; water from these
wells g~nerally is fresh and simi
lar to ....at~r in the Whitl' River.

C.
Blu~ shale, 0-610 ft.

C, L.

50

B6
58f

12-21-60 55

9- - 71

10

5,139 16
5,190 F 8-31-71 2f

5,780 42.9 4-11-72
5.755 300 7- -51 25b

Ls 5,295

Ss 4,780
5,240

S,C 4,955

Sh

16

15

10

150

701

350

140
13 3/8 1,700

10 10

48
4

460

610

10

168

18
711

6101951

1934
1952

(D-9-17)21dca-l u.s. Bureau of Land
Management

(O-9-20)20acd-1 Sun Oil Co.
(O-10-20)35bbc-1 u.s. Bureau of Land

Management

(D-ll-lS)32dcd-1 Preston Nutter Corp.
(D-1l-21)21caa-l U.S. Bureau of Land

Management
30bdb-l L. M. Thorne
31bdd-l Golden Hatch

(O-lO-24)2acc-3 American GilsonHe Co.

33dcc-l do

7cac-l do

(D-1l-24)6dbc-l U. S. Bureau of Land
Management

1916 82

Former gas-test well; casing 13 1/8
in. to 223 ft; 9 5/8 in. to 2,207
ft; 4l;; in. to 4,598 ft; water
llntcrs well through annulus be-
t ....een 4 l; and 9 S/8 in. casing;

Fornll'r gas-test ....el1 casing 13
in. to 216 ft; 9 in. to 2,196
ft; water pnters well through
annulus he tween 11 3/R and 9 5/8
in. casing; C.

Abandoned mine shaft; water rl!ported
good; appeared to he .'II so aba.ndoned
liS well 9-1-71; r..

L.
ASsumed to he water supply for oil~

test drilling; C.

Soil, 0-6 ft; silt and gravel. 6-29
ft; sand and coarse gravel 29-52
ft; water reported brackish.

\>fatQr reported hrackish; 1,.

175f

9- 2-71
4- -61
7- -66

2- -36

4- -61

4- -61

)5

72

10

54.9
78

150

5.780

5,196

5,268

.5,590

5,505
6,230
8,225

.5 ,600

S ,r,

S,G

30
20

17

241

35

18

80

13 3/8 1,210
1,150

13 3/8 1,159

20

52

20

223

15

216

120

52

40

1961

1961

1961

1962 5,840

1962 5,950

do

Willis Stevens
Pan American Petroleum
Corp.

Willis Stevens

22aab-l

(D-12-19) 13cod-1
(0-12-22) 340bc-1
(D-13-14) 24db.-1

(0-13- 21) 15ddc-1

(D-14-18) 1bbd-l Ute Indian Tribe

(D-14-19)3cdb-1 do
(D-14- 22) 26aca-1 Willis Stevens

(D-lS-20)3bab-l Ute Indian Trihe

12cca-l do

1964

1960
1959

1960

1964

130

96
150

108

120

14

65

60

12

7,045

6,880
7,080

7,440

7,425

68.9 8- 8-72

80 12- -60

52 12- -60 15h

60 6- -64 4b

96

60

Original depth, 2.1.2 ft; rcmperat'ure
11.0 o e; FC. 7,000; I ..

L.
Reportedly a dry holl'; s.md. 0-21
ft; blue shale. 21-150 ft.

Water reportedly contained 2S0 m~/l

of dissolved solids; 1..
Sandstone, 0-60 ft; shal~. f,O-120
ft; water reported ~{)od.

U(C-3-1)33cbc-1
U(C- 3- 5)31dcd-1

U(C-4-l) 7ccb-l
17ccc-l

18dcc-l

John Uresk
D. T. Jones

R. J. Marti
Ken Higley

C. Van Tassell

1967
1969

1949
1951

1945

20
200

36
25

80

20
42

16
15

15

6
48

31

16
24

IS

169
S ,G 5,045
Sh 5,790

5,182
5,155

S ,C 5,185

24

16
10

15

7- -69

4- -49 12b
J- -51 .lOb

4- -45 60b

169

10

Temperatun~ Fe. 2,200,
Casing 8 in. to 31 6 in. 31-42
ft; C.

T.
Blue clay, 0-24 ft; sand. 24-25 ft;
water reported hard.

L.

Ss 5,295

Sh r:;, 195
SS),217

(; 5,180
S,C 5,185

25 6- -50 25

Tl'mper.'ltur~' 10.O°C; Fe, 2,900; L.
Tf'mperature 12.0°C; FC, 2,/-1-50.
Clay. 0-40 it; sand and gravel,

40-56 ft; c.
Well reportedly goes dry in late
Winter; temperature 11. }oC; FC,
l,750; L.

FC, 860; 1..
c.
Sand and gravel, 0-62 sandstone.

62-67 it; temperature FC,

:::-.a.OOO; water not used for drinking.
Silt, 0-18 it; gravel and cohhles,

18-40 it; hedrock, 40-4J ft; Ft:.
720.

Well yielded briny water; plugged
and abandoned

Topsoil, 0-10 it; hlue shale 10
150 ft.

\~ater "vl;ry saltyll; original depth,
i'00 ft; r..

L.
Fonnerly reported as l.-hba-l. Ori
ginal depth, 1,120 ft; hydrograph
in figure 10; 1,.

r:lay, O-fl ft; 6-2R [t; c.
f\otllders, gravel. and sand, 0-16 1'1;
shal(~ lind sandrock, 16-65 ft'.

1..
Reportedly yields soft water; L.
C. T..

D
S
D

10

49

30

75
16

13

44

46

lOh
12
106

2
lOb
30b

2Gh

lOh

126

18b

10- -48 ISh20

16.7 '1- 6-72 20h
2l. 12- -')4 fib

8 4- -45 20
1. 8 3- 9-71

31 4- -45

10 11- -57
18 12- - 53
.10.7 )- 6-72

12 5- -46
12 12- -53
38 12- -48

23 1- -45

44.8 5- 6-72

14 7- -61

285

5,155

5,282
5,280
5,325

';.2/-1-:1

'j, ]10

') ,850

5,360

5,265
5,291
'j ,405

Sh

sh

Sh

c
S,C
5s

S,G

S ,G

S, Sh

2
27

15

16

22

61

21
5

93

71

37

40

10
15
63

45

18

12')

701

12

20

91

20

28
50

62

33
46

43

81
70
56

37

23
40

40
70
67

95

80
55
70

43

28
65

150

108

250
180

56

715

1969
19')4

1948

1945
1935

1950

1946
1953
1%8

1957
1953
1966

1945

1961

1945

1964

1951

r. E. Wilkens
Jack Liddell
Latter~day Saints
Church

John Lidde 11
Roger Hicken
Willis Shepard

Alden Kynaaton
Marion Ross

Louis Roberts

R. D. Peatress

Salt Lakl' Pipe Co.

Guy Giles
Lamar Neilson

Robert Alred
Wallace Pitt
D. Farnsworth

D. W. Covington

Carter Oil Co.

28aba-l

lldcb-l

13daa~2

14bbb-l

lOaba-l
10abb-1
lOcbb-1

Sabb-l
5bba-2

12aca-1
12cab-1
16acb-1

17acb-1

u (C-4-Z) 2cda-l

l4bcc-l
l)(C-4-3)4daa-l

9bbd-1

U(C-4-4)ld..-1
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Table 10. --Rl'cords of selected water wells Continued

S Water-bearing zone (s) Water level Yield

" "'
~ ~ " 3'w .

"'~ ~ ~ "i: · "
.~

a ,~ "
~

~ wLaca t ion o~ " Remarks and other data avai IahII'OWIWr ~ ~

"~ · j
~ "' "' ~

. .. ill ill · ~ill
W 00

~
o "

"' 0 ~ 0 ~~

~~.5 0

~
• w · . ~ 0

" :;
~~

w ~ ~ . w. .
<'l .w w . .

'"'
.c w

'" '" '"'" :~ u u f-< "" ~

1!((:-4-fJ) 9ahb-l Pcatn.'ss 1%8 2'j 20 22 'i. /48 16 12- -48 Original depth. 120 ft but plngged
hack because it produced "very had ff

water with gas; temperature 1l.O°C;
Fe, 1,340; L.

1'((~-4-7) 14aaa-l Pendpr Ranch 191.7 12 12 D remperature 9.0 0 e; Fe, 1,050
17dbc-1 Sam 1'-1otl 1941+ 19 1') 12 "I 11- -44 7 D Temperature 1l.O<'>c; Fe, 660.
l'idcd-l Thomas Olsen 1948 'jOO 6,960 84 15 l' Cas ing pulled, well abandoned; L.

11(C-'i-S)14hdd-l W C Fov lYOO 170 I" 170 6,740 F 7- -60 120 21 Water reportedly of good qual ity; I..

l4hdd-2 do 1%1 161 6\ 12 6,610 300 18 Reported flow, 12 gal/min on com-
pletion; found flowing about
rate 4-13-72; C, L

1l(C-5-8)25aab-l rhoma~ Olscn 1948 175 1')5 165 Ss 7,599 1!+O 7- -48 15 L.

51



,Ui i!ljdes art' i 1('1't ab""",, I j,'r lilln! sLlrfacl' at w,'11 as intl'rp,']au~d frllm U.S. Ce,dllgi.cal

l'hickness, ill fl>Pt
Depth, in Il'f't heluw IHud SllrtacI'.

'l' tL'pll>iraphic maps

Thi cknt-,'H; Dept h

7 Il0)

lO 14'i
1\ 180

8 lBR
190

10 200

1 202
41 21,)

\ 2')0

2 2
12 14
11
\2 1Y

\ (~4

1 1,5

'in 9\

2

12 14
21 \5

2 17
] 40

22 22
.] 25

III 35
}'j 'jO

17 67
2 69
\ 14
J 77

(~ OJ 120

"36 36
b 42

" 50
18 68
Ib 84
12 Y6
21 117
47 164
17 181

] 184
II 19')

17 212

41 2')3

8 201
)J 294

26 320
4\ 365
II) 410
42 4')2
29 lf81

7 488
[2 'jOa

Bas in

ft.
12 12

15/ 169
[ 170

Basin
ft,

20 20

4' 65
2 67
9 76
4 80
I 87
8 9'1

\ 100
lO')

2') 130
13 r

)

H 143
4 14/
] 1\0

11 161

114 114
40 154

II 165

6 171
4 175

Kl i ppe 1
it

K 1i ppl' I
ft.

gra i ned
water hearing.

5,748 !l.

Mat~rial

and ytd1uw ClilY
Clay, yell"w
Sha If', gray
Sh;.J Ie, red
Shale, gray, crL\\nhly

Shale, gray.

lJ(r:-S-5)J4bdd-2. Lpg hy LTintah
Drillin~ Co. 1961. All. 6,610

Suil and clay
Clay
Crave I
Clay
Grave I
Clay
Crave I
Sand and gLlvpl
Clay
Craw-]

alIt! salld.

~~~~l) 10;Jha:~. t:"llt inm'd
Shale, hard, with thin shells
Shale, sa\\dy
Sha Ie, hIll", st icky.

Sandst "Ilt', spIt
Shale, ld,w, sl
Sha]p, sandv
Sllale, hruwll, lu-n"d
Siia 1(', h Iue

Sha If', Or,lWI1

wi I h h'Jlllders

lI(C-4-7)3,)dcd-l. Kl ippel
Brus. 1948. A 1 t 1't

>\11uvi llm
Sandstone, hrown
Limestune
Sandstune, brown

Sandstone,
~:andstone, lJf'aring.
l.imest une,

Sha Ie. sandy, ye Ilow

Shale, gray.
lJnknuwn,

Sandstone, gray.

l.imestone.
Shale, sandy, yellow
1.imestone.
Shale, low

Scllldstune,
Shale, sandy, yellow
Shale, sandy, brllwn,
:';andstune, black, hard
::;l1a Ie, bent onit ic,

Sandstone, yellow, hard

Sha Ie, bentoni t ii.

!l~~-..!.. ].()g hy lJint-ah
Drilling ell 1960. Alt 6,740

Sand, silty.
Crave 1 and cohhles

Not reporltod

JR
lJ(C-S-8)2')aBb-l. Klippel

71 Bros. 1948, Alt. fr.
/4 AIIllVilll11
15 Sandstone.

7n Sha le, sandy, gray
77 Salldstone; wsler hearing

lOR Sandstone, hard,

3]

)

I

1
1

Jl

1H
14

h

Thi_ckness DepllL

11< 20
bO Hil

I

111

'"'""
11 n

2 1\
1J 4"

h ,4
6 bO

h\

28 Y1
1 94
(, lOa

11 111
21 134

" 14J
17 lhO
41 101

4 20')

14\ J')O

\ ]')')

1\ JIG
32 402

407
10 417
11 421::\

82 'llO
70 580
20 bOO
1\ blS

" h70

10 bflO
100

h
13
21
23

n J2
17

;~4 61
99 100

6 166
302 468

24 492
8 500

1,2 ')42
') 78 1,120

she lIs.

sand.

<JIll! Ii! t h'

hearing.

hy 1\1 i ppe I
180 fl,

LJtntah Clastn
5,245 ft.

10 10
8 18

62 80

hy Uintah llasill

Alt 1,2 I ft.
15 I'j

2\ 40
l\ 'i)

Uil1lah Basin
5,32/ ft

1',
26 !,l
2'2 f,J

/ 70

K 1 ipl'l' 1
It.

I,y I{u ,j nsu I

i Y'iO Al t 'i, !9'1 t t

hlllf'
red

b I LIP

hrllwn.
1']llt'
hr,'wn

b IUl'
hrllwn

ye II ow.

hUlIldl'rB; W,)t (' r

h] Lie.
red
hIli ...

SII<lIf', sandy,
SaTldruck

Sila If>, si-lndv,
Shale, s<ll\dy,
Sandrock

Shille,
Sildll',
Shale,
Sha 1e.
Sh<llc,
Sha 1e,
S\li11e, b 1111"
Sh<'lle, hrown
Sha Ii.' , b 1Ia'.
Sh<-J1I:", red
Sh,lle, h 1lit.'

U(C-4-3)9bhd-l. L<lg

nriIl!nl~ c". 1966
CIPlv

U(C-4-2)")hha-2. Log by EliHy
Granl 19')'). All '),185 fL.

SI,i 1, clayt.'y
Santi and gravel; water bearing

hlue

; water hear in/';.

Shale, blue.
SandSlunl', water bearing
Sha Ie, hllle
SandsL'ltlp
S late ruck
Shale, hlllP
LJnknlJWll
(Well plL,>~};:ed hack tu 40-h,ot depth)

lJ(C-4-3)4daa~I.

Drilling Cp.
Cli\y
Crave I 8nd sand,
l:};-1Y. biLle

UC-4-L)IH~!_I~c:""_~. J, C.

Zimmerman. 1945. '),IK') tt

yell"w
ilnd grave]

Clay', hllli'

11(t:-4-:l) lOah:1-1

grns. 1')46. Alt.

l"'ps'lil.
Sand alld

Sha Ie,
Shale, gray, Wilh (obl'l" rllcks alit!

gravel.
Sha 11.", h lile
Sandst one

Shale, gray, rutten.
Sandstnne.

S1I<ll ... , sandy, gray

Slatf'

<llld ~r<lVI' 1
alld c"l,b1f's

qC-4-2)14bcc-l. LO M
Dri 11 in/!; Cn. I 'oJ) 1

Topsoi 1
Crave 1

Sandrock

Salldruck

l,32U

3,640
3,700

J,980

4,010

1,
21)
2')()

IllS
13

l2U
bO

l)]O

100
7')

l'i
5i

6

2

2HO

'JO
10

II

bbO

4h()

III

JO
j(1

1,1170

110
) 10

(D-II-24P3dcc-1. I.'l).!; hy C 1'1. Erh.
1936, A1t '),180 ft.

SuU and gr<ll.'Pl
l.imestone

Gilsonitt:', low grade
Lime bed, fravtllred; wiHer heari.ng.

(1l-9-10)2I'aac-l. Log De Kalb

Agricllllilra I '\SSLl( ia t I ()'i9
Alt 4,H4 c

) t I

var ic'"I"rpd, dlld s i] t

linl' t" l'"arse, I igllt grl"'11

J.itnl'sl nne

Clay, sill, Hild SilllC!, light grill'
sill, and sand, grily, >',H'('Il,

purple
Clay, silt, <ind d,l]omilc
Alternating shalt', siltst'"ll', and

sandstone I,,-,ds
Shale, silty, iJrowll, find d,>l<lmil(',

"ui I"; wat er at 2, /20 It
Clay, silt, ;llld S,1I1d, Ij,~ht griP/
Limeslpne, alld

Clay, sil t , S<llld,

~reen , find l nil
Clay 11., grl'el1, Plnd tan,

wi.th tracl' "I <lIlt'

D,)lumite and linll'stune, tan

Clay, silt, <ll1d sand, arid

1 i ~ht gra
Silt <lnd sflnd, white and ~ra'y,

fri.able and l'lljitic; water
Clay, sill, and sand, gray ,-nul gn'I'll,

wi til tract' ,>I I inwsllllw

Clay, tan, dense; f<lssils(!).
Clay and sill., ,'aril'"l,.red

([)-12-22)J4'lhc-l IJv F:verl'n

Osourne 19fil Al t 230 It
Sand, geav(' 1, alld c un ~ 1 ()Int~ ra t t' 12 12
Sha Ie, blue gray b6 7"
Sandstone, gra;. 24 102
Shale, green and tHlff 18 120

(n-13-2I) 22aah-l I., g hv Everett
('shorne. 196 I. All r) ,bOO ft

Topsuil 6 6
Clay, si II y, sandy 10 16
Sand ,cd grav('l / LJ

Mud 'nd si It , hllie I') 40

(D -14-18) lbhd-l Lug hy lJi ntall Basin
nei I ling Co. 1964 Alt. 7,045 ft.

Cla) ,cd sand 14 14
Bedrock 32 46
Sandstone 52

Sha Ie, blue 108 160
Shale; oil bearing. \2 212

(rJ-14-19)3cdh-l, Lug hy l'illtah lias 111
Drilling CP. 1960. Alt. 6,880 ft.

Bedrock and clay 10 10
Shale, gray 26 Jo
Sha Ie, gray and ;;rf>en 44 HO

Sand, white '4
Shall' • gray <Inti green ]2 9h

(LJ-15-20}Jhab-l. Lug lIiTltail Ilasi.ll
Drilling Cll. 1gila 1,440 It

Clay and rock 7
Sands tone, ye lllJW r,l 64
Sand, white , hi
Sandstone, yf> llow 38 lU\

Sand, white ] 108

U(C-4-1) 7ccb-I, 1.11,'; by Garnett

Birche I I, 1949. Alt. '),182 ft.

Topsoil scd gravE' 1 16 16

Sand 'cd gravel , 25

Clay 1 blue. 11 36

(D-Il-2I)Jlhdd-l L"g hy c \~

Anderson ]9')2 Alt. '),190 It
Topsni 1
Gravel; water (sa]ly) he,Hillg
Shale, dark red .

Shale, hlue
Sandstone, p(,rOIIS

MAt"rial I'hickneB!l lll'pth Material

(O-9-20)20acd-l 1>' CarTlett
Birchell 19')2 4,lRO It

'l'llpsoi I
Shah', blue
Sandsl '111(>, gray
Sha Ie, i,llle; inl f>rl't·dB ,q I>rllWl1

shalt'
Sandstll[)e, soft, light; salty watl'r
Nllt rl'p'lrted

52



T",bl(' 12 --R('[ords of se1ected~

field detenninati(lll {If spe~'itic c(lndllctance uf llll> WClll'r

illt£'rpulated from U.S. Geu]ugiud Survey
Uinta Formetiull; Tgp, parachute Creek

Survey; otherwise repurted (r) by

Altitude of land S,jr[sce; Abuve mean sea level as
Geologic source: Qay, Llncnnso]idated j

Discharge: Rate estimated ur measured by U.s.

Use: D, drmtestic; I, irrigatilln; S, livestock; U,

Remarks and other data availahle: C, chemiccl! analysis llf w"ter in tahle 14; Fe,

Discharge

maps.
Green River Formiltiul1 Tw, WilSiJlc!J f'"urmatiull; KTllil, N<'rl!J HUril

user; <, Jpss

(micr"mll\ls/cm ilt

l",'nTldt i "n

Location Name or owner
Alti.tude
of land
stir face

(ft)

Geologic
Rate

(gal/min)
Date

Remarks Ilnt! otht·r data availahle

(C-10 -1 7) 12haa- S]

(D-11-15) 15dbb-Sl
(0-11-17)20aca-81
(0-11~18) 20cba-S1

(D-12-21)19bdd-Sl

(D- 13-14) 24adb-51
(D-13-19)8aa-5l
(0-13- 23) 27acd- 51

(0-13-25) 13add-S1

17bdll-Sl

290ab-S1

(0-14-14) 4abd-S1
(D-14-19) 33aad-Sl
(0-14- 22) 2Scac - 51

(D-14- 24) 21ccc- 81

(D-l.5-19) 4bba- 51

(D-1S-20) 15bbd-5l
(D-15-23) 36ddd<i1

(0-15-25) 7bcc-SI
(0-16-16) 31aaa-Sl

32dda-Sl

(0-16-17) 3c-51

(0-16-18) 24bcd- S1

(0-16- 22) 23dcd- SI

(D-17-l6) 10cac-S1

IOcca-51
lShac-8l

(0-17-17)20ccc-51
(0-17-19)9aca-51

28bab-S1
(0-18-19) 25cbb - Sl
(D-18- 20) 7had- Sl

U(C-4-6) 17cdc-51

U(C-4-7) 14aac-Sl,
14bcd-S1,

and 14bdd-51
21daa-5l

22ccb-Sl

U(C-4-9) 3Sadd- 81

U(C-5-6) lcaa-51
1caa-52

U(C- 5- 7) l2cda- 51
l8acd-Sl

LJ (C- 5-10) lOde b- 51

U(C-S-12) 25aad- 51
U(C-7-8) 1acd-Sl
U(C-7-9)9dcd-51

Unknown

do
do
do

Sulphur Spring

Pan American au Corp,
Ilnknown

do

Mud Spring

Flat Rock Spring

Indian Spring

Pan American Oil Corp.
Charlie Brown Spring
Pine Spring

Unknown

Secret 5prinl'l

nat Rock Spring
PR Spring

Unknown
Waldo Wilcox

do

Camel Rock Spring

Pinto Springs

Cedar Camp Spring

Waldo Wilcox

do
do

Unknown
Bolon Spring

Seeley Spring
Unknown
Marble Spring

M. N. McKinnon

Stinking Spring

Unknown

do

do

do
do
do

Big Beaver Spring

Race Track
Ross 5tation Spring
Horse Ridge 5pring(?)

') ,420

6,660
'j ,600
4,800

S,135

8,27'5
6,150
6,180

6,475

7,230

7,050

9,500
7,120
7,060

6,580

7,190

7,240
8,010

7,438
5,590

5,430

4,800

7,925

7,900

5,040

') ,040
') ,030

4,240
8,400

8,920
8,710
8,970

6,030

5,880

6,160

6,220

7,515

6,2{.0
6,220
6,880
7,450

9,360

8,600
8,290
9,770

Tu

Tgp
rgp
Tgp

Tgp

Tgp
Tgp
Tgp

Tw

Tgp

Tgp

Tgp
Tgp
Tgp

Tgp

Tgp

Tgp
Tgp

Tgp
oay

Tw

Tgp

Tgp

KTnh

KTnh
KTnh

KTnh
Tgp

Tgp
Tgp
Tgp

To

fu

ro

To

To

To
Tu
Tn
1\.

I'll

Tu
Tgp
Tgp

<0.5

5
, ,5

20

,25

','
Dry

Dry

"

4.Sm

10

,5

. 13m
S.6m

,2m
15

lS0r

225

<1

6r

1. 7m,
7m

450r

500

'0
JO
60

,1m

17r

19. S

11,5

8,0

10.0

8,5

10.5
lLa

11.0

11. ')

6,0
5.0
'1.0

11.0

14.5

8,0

',0

5.0

10.5
9. c)

4,0

7.'j

9,0
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3-16-72

3-16-72
3-16-72
3-16-72

8-10- 71

8- 8-72
4-12-72

9- 1-71

9- 1-71

9- 1-71

9- 2- 71
8- 9-65

9-12-72

9- 2- 71

8-31-71
9-17-64

9-21- 73
4-11-72

4-11-72

9-25-48

8-31- 71

7- 2-60

4-11-72

8-31- 71

8-31- 71
8-11-1]
8--.31-71

9- 3-71

4-10-72

4-10-72

4-lO-72

)-1 '1-60
r j _ )-60

4-10-72

9-17- 72

8- 9-71

D, S

jJnrlevcloped; prohahly intennittent and used by 1ivc
stock; C.
Do.
Do,

llndeve loped; r ist's from streambed, nearby s,~eps

along canyon walls; C.
Part of flow is collected in small tank that over
flows to marshy area; ,·ntire flow is consumed hy
rushes and other vel';ctation in the w~nc'ral area; C.

C.
FC, 2,200.
tTndeveloped; proh<lhly intermittent l!nd lIsed hy live
stock; C.

Formerly used for domestic and stock supply; n~port

edly dry in recent years.
Reportedly dry in rr~cent years.

Piped to stockwatering troughs; reported to yield as

much as 10 gal/min; c.
e,
Piped to two stockwal"ering troughs; c.
Piped to stockwatering trough; discharge measured by

11.5. Bureau of Land Management; C.
Piped to stockwatering trough; C.

Undeveloped; almost completely desiccated when visited;
C.

Piped to s toc kwa ter i ng trough; C.
Piped to stockwatering trough: discharge measured by

U. S. Kureatl of L.and Management; C.
Piped to stackwatering trough; C.
Flows directly to Range Creek; discharge reportedly

increases in response to irrigation upvalley from
spring; FC, 860.

Piped from collector box to nearby field; owner
measured discharge of 150 gal/min and reported the
rate to be fairly constant throughout the year; C.

C,

Discharges to small ravine which appears to gain In
flow along about a 50-foot reach: water ponded for
stockwate-ring; C.

Piped to stockwat1>ring trough; discharge measured by
U.S. !'Illreau of Land Management.

Combined flow of (D-J7-16)lOcac-S1 and 10cca-Sl
piped to seve.ral ranch houses for culinary lise; C.

Do,
Undeveloped; discharges from fracturecl rock directly
into Range Creek; Fe, 1,000.

C.
Ponded just below spring area for live~t.ock wat:;,ri.ng;

FC, 400.
Piped to small pond; C.
C,

Piped to stockwatl'.ring trOlI.f!;h; c.

Largest of several springs diverted to fish ('Il! tllre
ponds; C.

Discharges from a 11l1mber of openings into a marshy
area on flood plain of the Strawberry River; C.

Spring rises from .c;treambed; sinks back into stream
hed within ahout half of a mll(~ from source; C.

Melting snow directly above spring area when sampled;
C.

Undeveloped; probahly IISt·a hy stock; melting
directly ahove spring area when samph'd; C.

C.

C.
C,

Melting snow directly ab()v(~ spring; water pipl~d to
storage tank and hence; to stockwatc'ring trough; C.

Pipl·d to stockwatering trough; C.

Has concrete headbox.
Piped to stockwatering trough.
Assumed to be Horse Ridge Spring from reported general

location; C.



Tahle 13 --Selected chem~

Dii'charge: estioulted; m, ml'BSl1red.
Sodium: Whl're no value i, reported for potassillnl, Na + K h", he en calculated and i, rcportt~d "' sodillm.

Number Dilt-e "f rf'mpcr- S'jlli-lt,·

(see Stream e'll tee! i"ll allin' (S()4)
pI, 3) ("C)

Ti"1her Cilnyull Cre<.'k 4·10· 72 2H 47 l4 40 ,h \66 2LJ

Avi n t<1ljuin Creek 4 -IU-72 24 Ld l1 ',I K l'iO flO
lilt! ian Canv())l Creek ,. !-'JH 12m )4 \0 )9 14') ')26 nh

y. J -ll 10.0 J" l.J 71; 1t~O 1~9() 7 Y 94H 1,(JOO

Sowers Creek 4-11-72 2,0 )" lY IH '11 4J'::l ]20

d" 4-13-12 4, I 'l" 2H 170 11'0 290 h ')t~ 9 1,20()
Ante lope Creek 1-13 - 72 11.0 l,- 2() 200 2/0 (~ °JO 11 ')7) 2,000
Par Let te Draw 3-16-72 7.0 lOe IL 210 130 1,100 4 >4) 2, ROO
Minnie Maud Crpek ,- ()4)8 107m IY " 27 29 294 h9

H-27-'iH 1.4m 18 \1 I~ 2 00 ]29 l4')
lO-12-7t 9. 'i . bin 18 Ih 1.4 hi 1.8 \'j0 1')0

til' 'i- h-'JH '11m n hO 32 42 J3H RI,
b-12-5R 2.0m 19 ')11 Y4 1bH h06 ]hl

10 Ruck Crt.'ek b-IY-4J '1.7\11 .'h 47 28 i'2 270 'd
lJ-19-47 \ ')1.,

" 35 )0 ]0 I 81
11 Rall/!;e Creek 4 -11- 72 [J.', 2-3e 20 ')2 60 IlO I, K 4i'1 IYO
12 Wi 11,'w t:reek 9-2 I q.O 2 17 " Sl 9/ 2 " ]96 L!~()

11 do 14 \ 2'111\ II bl no 1,100 h ) Y09 82 2, SOO
14 d(l 9-28-72 12.5 .0Hm 10 74 230 1,100 ').7 965 61 2, ')00
15 du 9- 2 -71 1/ .0 1\ h2 190 910 " 7 H31 0 2,300
16 Hill Creek 9- 2-ll 17.0 1, 18 \0 34 ,0 (,)7 0 82

17 do 9- 2_ 7 1 16 . .'i I" 12 42 210 1,000 h ,4 960 2,300
18 Ritter Creek 4-t2-72 18. 'i I" \30 () 10 Q90 10 410 ') ,000
19 F.va('uat ion Creek 9- 2 -II 2') .0 .05.. 1\ 160 160 830 8,9 400 2, ')00
20 Duchesne Ri ver (1/) IHn 266 292

21 White River 72 206 1t~ Y
,- 5 700m 14 67 26 62 2.4 224 Ifill

22 Green Ri ver (y) \9 189 170
4- 6-66 LJ .0 8.240m 10 41> 22 19 4 I 162 120

10- 3-60 14.0 2,91Om 'i.8 71 )4 80 3."1 208 266

Y Constituents H" d i scha r ge -we i ghted averages for water years 1964-66
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analyses of water from streams

per litre
Specific

Chllir lde Csca '," undllc t allce Sl)diun\-
(el) Nun- (nliCrll11lhlJs! i1dsorpt i un pH

l:<Jrhunall' " ::'5°C) ratio

1 371 260 () 'i8i, J 1 1:\ .4
6 .0 o .t·1 () J.() U .0') 0.30 a.04 () .01 3'1/ :DO 11 (,lO 1 " k. OJ

14 , h 2 1 36\ iJ ] ,11'.0 J 4 ".1
1.9 .6 J 10 12 10,no 16 0') i/O U j ,t),jn I 7 o3.n
12 4<J() ])0 1, Ibn J .6 1:\. :2

46 1,1iJO h70 ~: ,k 10 ] .fi A 1
9; 2.4 1 60 Of) 7, HO .05 00 J ')0 1,600 1,1110 llu I.. 9 ! 9

210 1.1 I .40 .06 2,20 02 00 1,100 78() \, I'i
'I.') 2 1 343 2'iH 1 5 7 0 8 I
h .0 (~6'j 298 7')0 8
7.8 .3 .01 .10 .(}3 01 'ill 320 14 78H Il 1

5,0 2.2 296 2H2 \ 6')8 1 .] H .0
15 4.1 1,000 \32 3\ 1,470 3. 2 H.2
KO 1.0 440 232 12 513 2, 1
6,0 1.2 )')4 276 30 585 .8

]] 1', 12 11 ,0] .01 h80 IKO 11 1,040 \ , 2
9,0 t,/O j'JO 32 1,OlD .2 H.2

120 {.. , ')hO 1, ]OG 220 6,000 14 H.6
120 4, 'lRU 1,100 240 ':i,970 14 H.tl

If, .1, II 1", ()I. 'J40 2bO '),190 ]] H. j

" H I Oil I'i 01 .0 j 340 2 /12 8. J

loa 1~ It! AO .02 .02 1';0 'JiO ISU ',2 'i0 II, K 2
81l I (, 00 hO .04 O'J j, 'jOO I,UOO i,520 ; 8,1
44 .J h2 J'j 41 .0) .0') 3,900 1, lOa /30 4,820 11 (; ,0
49 702 3(16 1 \4 1,003 2 ;.9

\8 (till, 2'10 81 l 9 1 .8
35 .4 20 1\ 0'1 449 270 9] /It, I 8 2
28 457 24') 119 hB4 I J 9
] R .4 1 nK l'j() 206 /'J 540 ] 2 7.6
38 .4 6.J II !l'il J'JO 1'1<) (l'll 1 .9 1 I,
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Tsble 14. --Chemic81 analyses of water

Geologic source: unconsol ida ted depnsits; Tll, Ui nta Furmat ion; ['gp, P,1rac!llltt' CrC'pk Ml'mher, Grepn Ri ver Fpnnat ion; Tgll, Green Ri ver Format i un,
undivided; Tw, Fnrmat inn; KTnh, North Horn Format iun,

Sudium: Where no VallIE' is n:purted for pot ass illm, N' + K has heen ca1clllat .. d find " repurll'd " sudililTI

Milligrams

Geolugic Date of Temper - ,di" IC;1'io," IM,<ne<ium I,,,,I;om IPot""iom I IIi "\hon-1 COII"'''-1 '0 If""
Local (()n Name 0\ (lWll('r SlllJrCe cl1llect ion ature (SiOZ) (Mg) (Na) (K) ate ate (Sl)4)

("C) (flC(11) (C(}'j)

(D-9-17) 21dca-l U,S Burea\1 "f Land 'I'll 9- 3-ll II 20 16 'l ]0 2 2 467 120
MRnagement

(0-I.O-l7) 12bflB -S 1 Unknuwn Til )-16-72 1\,0 II, 60 27 960 \ I 'i71 0 1, !lOU
(D-IO-;'O) ]'ihbc-I \J ,S RUreRlJ "r Land Tgu 7-24-64 1\ .0 1,1 8S9 t ,42.0 1HY y I

Managemf'lt
961 91\0(1l-1l.-15) 15dhh-Sl Unknown Tgp 3-lb-72 )7 32 29 810

12dcd-1 Preston-Nllt ter Curp. 4-11- .12 22 75 100 170 726 160

(0-11-17) 20aca-S1 Unknown Tgp 3-16-72 7\ 63 1,000 690
(D-11-18)20cha-SI dn Tgp 3-16-72 6.0 29 76 73 1,000 6,2 1309 I) ] ,BOO
(0-11-21) 11hdd-1. Gulden Hatch Tgu 8-31-7] 16.0 1\ .7 .7 370 .9 562 6') 220
(D-11-24) hdhc-l U.S. Bureau of Land Tg" 8-26-0"1 Ii 3.2 .\ 438 644 [1 JI4

t-!anagemenl
-/ (' ac ~ 1 d(l T~u 8-26-65 12 J.2 .\ 418 691 310

(0-12-21)I%dd-51 Sulphur Spring Tgp 8-30-71 1\ 1.6 230 .8 )')3 '32 1':)0
(D-13 -Ill) 24adb-S I P,n American nil Corp. 19p 7 -15-66 7:3 31 2\ .0 415 0 1\

24dha-1 do Tgp 7-15-66 59 29 30 .0 366 0 20
(D -]3 - 21) 2"7 acd -S I Unknuwn Tgp 4-12-72 10.5 17 160 200 410 .3 576 [1 1, 'JOO
(0-13-2')) 29bah-Sl Indian Sprin,.; Tgp 9- 1-71 24 1 \0 110 140 .7 J08 0 8\0

(D -14 -14) 4ahd -5 1 P,n American Oil corp. Tgp 7 -15-66 J6 60 37 .0 293 l'.d
(D-14-19)33aad-Sl Char 1ie Brown Spring Tgp 9- 2-71 28 64 61 9J .3 438 300
(0-14-n)25cac-Sl rine sprinf\ Tgp 4-12-72 8.0 19 63 86 92 9 506 248
(0-14-24)2Iccc-SI Unknown Tgp 9-13-72 10.0 21 130 72 74 .2 319 ')O()
(D-15-19)4hha-Sl Secret Spring Tgp 9- 2 -71 81 1)0 J 70 390

(D-15-20)15bbd-S1 Flat Rock Spri n~ Tgp 8-31-71 17 .0 lh \1 16 24 .4 242 "(D-15 -23) 3f1ddd-S 1 PR Spring Tgp 9-17-64 8.5 17 6\ 36 17 102 94
(0- ~5 -25) 7bcc -S 1 Unknown Tgp 9-12-72 to.5 1" 74 48 J6 \ 275 280
(0-16-16) J2dd, -5 1 Waldo Wilcox Tw 4-11-72 11.0 2J 58 \2 66 1.0 449 120
(0-16-17) 3c -Sl Camel Rock Sprin~ Tw 9-21-48 26 70 41 )) 321 no

(0-16-18) 24b('d -5 1 P1.nto Springs Tgp 8-31-/1 22 58 17 10 .6 248 JJ

(0-17 -16) ~~~~:=~ ~} Wa Id(l Wi lcox KTnh 4-11-72 21 58 \4 100 1.2 48J 190

(0-17-17) 20ccc-Sl Unknown KTnh 9-2\-48 18 10 \.7 2 \0 492 176
(0 -17 -19) 28b,b-S 1 Seeley Sprin~ Tgp 8-31-71 6.0 1\ \7 16 6.4 .4 267 !J

(0-18-19) 2 5cbh -5 1 Unknown TBP 8-11-71 5.0 II 60 24 2 .7 .7 297 () 29
(0 - 18-20) 7bad -5 1 Marhle Sprin!J; Tgp 8-31-71 5.0 B. J 49 10 3 .3 .J 193 0 16
U(C-J-5)31dcd-1 O. T. Jones Tu 3-30-72 10 .0 16 4.6 6.4 450 1 .4 496 52 JlO
U(C-4-2)Sbba~2 Lamar Neilson Q,y 5-22-72 11. 5 2J 400 230 620 J. 9 414 0 2,900

13daa-2 Alden Kynas ton To 5- 7-72 14.0 23 95 34 110 ) 7 411 [) :~HO

U(C-4-1)9bbd-l Latter-day Saints T" 5- 7-72 ".6 IB 6.2 380 2.4 281 'j'lO
Church

lOcbb-l Wi Ilis Shepard Qay 5- 3-72 17 1 \0 B7 460 .6 278 0 1,400
12cab-l Wallace Pitt 5- 7-72 16 66 J6 87 .8 384 () 160

U(C-4-6) 17cdc-Sl M. N. McKinnon Tu 9- 3-71 11.0 15 25 140 790 .J 761 [1 t ,200
5-1\-60 13.5 11 2) 126 865 1,290 106 1,0on

U(C-4-7) 14acc -5 1 Stlnking Spring To 5-11'.-41 10 1.0 6. 1 1,760 .J 1,470 1,060 t 10
14bcd-S 1 do Tu 5-18-41 12 5.6 \ .1 ),220 .0 1,990 2,580 18B
14bdd-S 1 do To \-1\-60 14. \ 34 0 a 3,110 1,380 2,800 II
21daa-51 Unknown Tu 4-10-72 B.0 23 )2 120 420 4.9 803 17 670
22ccb-SI do Tu 4-10-72 \ .0 28 140 160 170 4.0 424 0 Y40

U(C -4 -9) 35add -5 1 do To 4-10-72 \ .0 21 86 59 23 2.0 170 II 190
U(C-S-5)14hdd-? W. C. Foy 4-13-72 B.5 30 140 100 100 {! ,4 474 0 'j 10
U(C-S-6) Icaa-51 Unknown To 5-15-60 10.5 22 61 12') 420 YBB 0 bH2

leas-S2 do Tll 5-15-60 9,5 2J 63 lltl 437 1.020 0 670
U(C-5-7)12cda-Sl do TIl 5-15-60 lO,O 6,J 17 131 179 1,200 144 881

18acd-Sl dll Tll 4-10-72 40 45 Ina l80 21 5.6 461 iBO
U(C - 5-10) 10dcb-S 1 Big Beaver Spring Tll 9-11-72 7.5 l'l 77 33 ] ,4 .8 348
U(C-7-8) lacd-Sl Ross Station Spring Tgp 8- 9-71 9.0 47 ';7 45 62 1.6 4rl n
U(C-7-9)9dcd-Sl Horse Ridge Spring(?) Tgp 7-18-60 12.S 12 42 II 3.8 211
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from selected springs and water wells

p(~ r litre Slldi llm~

ell I ,'I-ide ads<lrpt inll pH
((:1) ratio

91 n . ;~ [) 12 0 11 21 8.1

:JIO 6') ?J 4.4(J 0.04 () 00 1,190 260 4,170 26 7.9
~J 90 Ii I 2,0]0 J() "3,340 08 9.0

(j'C- l.b .1, 11,0 20 .00 2,440 2ao ) ,410 2\ H.l
I', I, IOO 600 1,620 300 7.4

"3,580 450 21
56 4 0 3,1-1] 2') 1') .0 .02 .00 1,480 490 4,580 20 .8
9 .3 .9 (li 06 29 .03 .O? 9SfJ 1,490 7\ 7

60 1,110 10 1,800 60 2

21 I.lt 1,110 10 1,720 58 8.2

I .2 II .02 .00 bl'J 6 968 19 \., 0 3')6 "310 \50 .6 .9
R .0 l27 2b6 499 .8 2

14n 2, no 1,200 750 3,850 5.1 .8
II 01 .Ob Ob .00 02 1,460 8)0 570 1,980 2 1 .7

II! 445 337 688 .9 8.4
16 .2 11 06 16 .O/~ .00 802 460 100 l,160 .9 7.9

1.4 .42 .(H IJ .n'l .0 I no \10 96 1,220 .8 7.9
IJ 3 1.60 .07 .02 .00 976 620 360 1,340 .1 7.4

1,270 7.8

7 9 .68 .09 .07 .0 l .00 ]01 210 10 478 7 .6
8 381 312 64 606 .4 .7

14 ')24 380 160 851 .8 .1
7.9 .3 .24 .09 .06 .00 .00 550 160 0 876 .5 .4
7 596 340 80 842 .7

2 I .1 1.2 .28 .02 .08 .02 no 210 11 443 .3 7.4
11 .4 17 ,04 .08 .00 .00 076 ]]0 0 1,OSO .1 7.5

\ 707 48 1,060 16
1.4 .0 .36 .21 .00 .01 .0 I 242 210 405 7 7

1 6 .0 IR .0'3 .01 .00 .04 276 250 \ 459 1 7.71 .9 .0 .30 .01 .01 02 ,00 194 160 \ 326 .1 7.8140 1,2 .03 .12 2.70 .02 .00 1,230 38 0 1,950 32 8.984 2 1 .06 ,(n 9.0 1.6 .53 4,480 1,900 1,600 4,700 6 1 7.021 769 380 40 1,200 2 .5 7.7

62 1.4 17 .00 .82 .02 1,170 70 1,820 20 8.2

94 1.0 ] .40 .00 .97 .05 .01 2,360 730 \00 3,110 7 7 7II,
)!L 310 0 926 2. 7 7U~O .., 10 2,60 .20 .01 .00 2,730 640 II 4,300 14 8. 1128 .2 .7 2,910 \76 0 3,980 10 8 .5

194 .1> 12,8 4,270 28 0 6,790 146 9.3704 .2 22.6 7,702 37 0 11,380 232 9.6668 1 20.0 ! ,320 0 0 10,700 10 192 t,770 570 0 2,500 .6 8.5'j2
1,700 1,000 660 2,230 .3 7 9

lU ')75 460 150 884 5 7.52h 1.9 .04 12 2 10 .09 1,210 760 370 1,680 I .6 7.341 . 9 6 . I 1,840 666 0 2,520 7. 1 8.041 1.2 6 .5 1,860 642 0 2,590 I .5 8.1124 4 I
. " 2,710 632 0 3,690 13 8.8

18 2.9 .06 .00 .23 .03 .00 l,440 1,100 760 l,820 .3 8.1I I> .4 .12 .0] .02 .01 .00 353 130 43 604 1 7.41\ .6 1.70 .09 .\1 .01 .00 52') 330 U 800 1.5 7.9'2.8 .4 190 177 4 332 .1 7.3
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Table 15. --Chemi.cal analyses of water

(;r""[1 Ri",.'r F"rl1lati'"1, lll1divldt',l; '[w, Wasatl'll FurlTlati"l1; Km\ Mesi:lvprde l,f\lllp; K11l, l'wnc(\s Shalt,; J111, Murris,)l1 Fllrmati"n; Je, Entrada

; ,Jll, Ni3V<J]U ;.).ll1(\"l"I](';:-t, l'tississippi;lll j'''L'ks, 'lilllividi'd

] lil(' [lJa 1 sarnplt'd nepth Iwll'w 1,1111\ sllrjaCl'
;.)')Ilrl't' ,>1 San!)l]" (~\', Llr,'<IIi1ti"n pit; driLl-'slt,'lll test; F, lli-ltllral 11"...,; PW, Wiill'r with ,>il "r ga,';; RL, retl1rn line; ST, swah test; Tf,

tn'il!Pf; \,'T, Io.'asll tilllk; llllnliH'fS in parentlH'ses dft' ft'pllrtt'd (If .'stimalt'd W<-1lt'r ~al1()lls per milHltp, at ti,me sample WiI,-: l"lllecteo

I)at" l1\ l',,11('('(i(\0; 1', l"\I!t('[ltfati ,ln' ill p,lrtS pl'f milli"Tl (C()llv('rsiI1l1 til nlLo!;rams per litef n,'l possible oecallse datd f"r d"nsiLy wen' Ilpt avaiL-1hlt,)
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collected from oil and gas wells and tests

(parts per million where P precedes date of cal lee tion)

I
Spec if i c

I Dissolved solids S\ld ium- C(\[ldllt:tancE' S'''lrce

Ric"h,,,,,,. I eMh",,.tc I S,,1 fote I ehl"etd, I Nitrate

r
DetermineJ1 Sum, p[ I "Mdnm I Noncarhonatp 'HI:-;Llrpt iLlll (micromhus I pH "I

(HCO]) (CO]) (S04) (Cl) (NO)) (,'onst 1.1 UE'nts as caeo,\ hardness rilli(, em ," 25°C) analysis

49,12K IJ 1,000 {,S

6,941 21,600 (;S

j, )00 14,000 2RO 108 (,,8 (;S
6)0 76,(JOO 24,000 44 b .6 CS

4,000 ')'),900 (;S

5,910 4b4 37,500 0 l 72,700 12 8') ,000 .9 (;S

5 flO 917 1l,100 .1 72,200 16 82,DOO .8 GS
3 BStJ 3'i IH ,hOD 1 37,000 16 48,000 9 I:S

319 400 21, 'lOa I t+ 1,800 11 54,000 8.6 CS

561 2[6 17,900 30 ,27R 8,000 .7 CCL
488 5,100 120 8,068 .8 eel.
305 2,900 ') ,400 13,322 I 2 ('CL

1,110 7,000 27,000 ')5,461 1.6 eCl,
425 J,580 38,000 67,720 67,714 7.9 l:(;l.

1,342 bOO 26 2,549 6,840 6,462 l:l.f, eCL
427 )6 11,827 37,152 78,792 b ,4 eCI
878 2,798 41,280 72,551 98,200 8. I eCL
647 '3,728 34, ')72 62,4')6 83, )00 8.1 ee/.

2,452 }2 1,600 2,700 9,078 J2,940 8.4 CGL
2,721 180 130 1,190 4,832 7,430 8 9 eGL
9,150 8,520 525 45,000 98,250 97,937 108,840 9.7 eCL
1,379 216 t07 140 2,032 t,966 4,000 8.7 l:CL
1,440 228 54 296 2,4R6 2,nl 3, )]0 R,8 eel.
1,720 3,870 13,100 30,480 2b ,4f'J 40,290 R .0 CGL
1,480 128 14 195 1,870 to 49 3,080 8. H (;S

1,074 48 145 99 J,367 1.,941 88 8.9 Ill,
19 481 11,284 20,561 19,595 4.8 RME

1,220 72 620 '3,550 7,950 8,562 96 8.7 01.
1,244 0 770 15,762 29,410 28,723 1,020 7.8 ()I,

903 0 308 11 ,312 25,266 21, '126 2,600 6.6 o!,
464 0 470 11,857 23,996 20,452 3,825 6.2 01.
392 0 179 5.1 .1 603 619 34 16 942 7.8 cs

2,769 10,576 10,900 35,5S9 7.9 eeL

2,440 )00 2,262 380 6,616 8 U:L
2,428 300 10 100 2,822 8 eel,

606 12 422 4.0 .6 1,200 15 49 1,820 8 5 c;s
375 2,900 186 5,800 7 ." (lJ

1,015 2,523 11,000 26,030 b 9 eCL
915 60 1,638 ),600 12,511 era,
311 423 17 1,086 7. b U(

964 264 2,150 140 4,714 4,711 9. ] eeL
539 0 1,517 18,625 25 33,899 1,944 1,496 I J9 48,900 1.3 c;s
366 12 290 32 818 8.7 eel
149 12 J .0 1,065 1,966 8.t+ OT-
156 14 7,579 355 1 1,986 8 i, n!.107 0 ') ,813 14,981 33,253 I.J OL
190 72 54,000 91,800 88,052 1.3 CCL

207 16 64,000 106,800 104,438 6,] eeL
4,355 276 l02 34,000 60,527 H.3 eeL
2,086 204 584 25,000 44,295 8.4 Cl;L
1,5')0 271 164 380 2,758 2,695 lj ,0 OL
1,730 251 79 '),300 10,618 10,792 8. ') 0'51,240 13 ,800 347 66,000 188,830 l78,213 1).7 eGL
4,758 7,680 228 12,600 39,220 38,7% 9.6 eGI.

23,326 23,217 744 34,553 22 142,790 119,246 160 ') " cs
I,OOU 1,990 2,390 4.4 7,770 209 bJ 11,200 7 .8 eGI.
1,000 1,774 2,300 7,276 7 .8 CS
j ,221 228 72 2.560 8 1 eel.

0 9,015 77 3,400 III cel.
S,120 675 58 2,400 8 8 eCL
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PUBLICATIONS OF THE UTAH DEPARTMENT OF NATURAL RESOURCES,
DIVISION OF WATER RIGHTS

(*)-Out of Print

TECHNICAL PUBLICATIONS

No. 1. Underground leakage from artesian wells in the Flowell area,
Fillmore, Utah, by Penn Livingston and G. B. Maxey,
Geological Survey, 1944.

near
U.S.

E.No. 2. The Ogden Valley artesian reservoir, Weber County, Utah, by H.
Thomas, U.S. Geological Survey, 1945.

*No. 3. Ground water in Pavant Valley, Millard County, Utah, by P. E.
Dennis, G. B. Maxey and H. E. Thomas, U.S. Geological Survey, 1946.

*No. 4. Ground water in Tooele Valley, Tooele
Thomas, U.S. Geological Survey, in Utah
Rept., p. 91-238, pls. 1-6, 1946.

County,
State

Utah, by H. E.
Eng. 25th Bienn.

*No. 5. Ground water in the East Shore area, Utah: Part I, Bountiful
District, Davis County, Utah, by H. E. Thomas and W. B. Nelson,
U.S. Geological Survey, in Utah State Eng. 26th Bienn. Rept., p.
53-206, pls. 1-2, 1948.

*No. 6. Ground water in the Escalante Valley, Beaver, Iron, and Washington
Counties, Utah, by P. F. Fix, W. B. Nelson, B. E. Lofgren, and
R. G. Butler, U.S. Geological Survey, in Utah State Eng. 27th
Bienn. Rept., p. 107-210, pls. 1-10, 1950.

No.7. Status of development of selected ground-water basins in Utah, by
H. E. Thomas, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U.S.
Geological Survey, 1952.

*No. 8. Consumptive use of water and irrigation requirements of crops in
Utah, by C. o. Roskelly and Wayne D. Criddle, 1952.

No.8. (Revised) Consumptive use and water requirements for Utah, by W. D.
Criddle, K. Harris, and L. S. Willardson, 1962.

No. 9. Progress report on selected ground water basins in Utah, by H.
Waite, W. B. Nelson, and others, U.S. Geological Survey, 1954.

A.

*No. 10. A compilation of chemical quality
waters in Utah, by J. G. Connor,
Geological Survey, 1958.

data for ground and surface
C. G. Mitchell, and others, U.S.

*No. 11. Ground water in northern Utah Valley, Utah: A progress report for
the period 1948-63, by R. M. Cordova and Seymour Subitzky, U.S.
Geological Survey, 1965.
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No. 12. Reevaluation of the ground-water resources of Tooele Valley, Utah,
by Joseph S. Gates, U.S. Geological Survey, 1965.

*No. 13. Ground-water resources of selected basins in southwestern Utah, by
G. W. Sandberg, U.S. Geological Survey, 1966.

*No. 14. Water-resources appraisal of the Snake Valley area, Utah and
Nevada, by J. W. Hood and F. E. Rush, U.S. Geological Survey, 1966.

*No. 15. Water from bedrock in the Colorado Plateau of Utah, by R. D.
Feltis, U.S. Geological Survey, 1966.

No. 16. Ground-water conditions in Cedar Valley, Utah County, Utah, by
R. D. Feltis, U.S. Geological Survey, 1967.

*No. 17. Ground-water resources of northern Juab Valley, Utah, by L. J.
Bjorklund, U.S. Geological Survey, 1968.

No. 18. Hydrologic reconnaissance of Skull Valley, Tooele County, Utah, by
J. W. Hood and K. M. Waddell, U.S. Geological Survey, 1968.

No. 19. An appraisal of
basin, Utah, by
Survey, 1968.

the quality of surface water in the Sevier Lake
D. C. Hahl and J. C. Mundorff, U.S. Geological

No. 20. Extensions of streamflow records in Utah, by J. K. Reid, L. E.
Carroon, and G. E. Pyper, U.S. Geological Survey, 1969.

No. 21. Summary of maximum discharges in Utah streams, by G. L. Whitaker,
U.S. Geological Survey, 1969.

No. 22. Reconnaissance of the ground-water resources
mont River valley, Wayne County, Utah, by L.
Geological Survey, 1969.

of the upper Fre~

J. Bjorklund, U.S.

No. 23. Hydrologic reconnaissance of Rush Valley, Tooele County, Utah, by
J. W. Hood, Don Price, and K. M. Waddell, U.S. Geological Survey,
1969.

No. 24. Hydrologic reconnaissance of Deep Creek valley, Tooele and Juab
Counties, Utah, and Elko and White Pine Counties, Nevada, by J. W.
Hood and K. M. Waddell, U.S. Geological Survey, 1969.

No. 25. Hydrologic reconnaissance of Curlew Valley, Utah and Idaho, by
E. L. BoIke and Don Price, U.S. Geological Survey, 1969.

No. 26. Hydrologic reconnaissance of the
Elder Counties, Utah, by Don
Geological Survey, 1969.

Sink Valley area, Tooele and Box
Price and E. L. BoIke, U.S.

No. 27. Water resources of the Heber-Kamas-Park City area, north~central

Utah, by C. H. Baker, Jr., U.S. Geological Survey, 1970.
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No. 28. Ground-water conditions in southern Utah Valley and Goshen Valley,
Utah, by R. M. Cordova, U.S. Geological Survey, 1970.

No. 29. Hydrologic reconnaissance of Grouse Creek valley, Box Elder County,
Utah, by J. W. Hood and Don Price, U.S. Geological Survey, 1970.

No. 30. Hydrologic reconnaissance of the Park Valley area, Box Elder
County, Utah, by J. W. Hood, U.S. Geological Survey, 1971.

No. 31. Water resources of Salt Lake County, Utah, by Allen G. Hely, R. W.
Mower, and C. Albert Harr, U.S. Geological Survey, 1971.

No. 32. Geology and water resources of the Spanish
San Juan Counties, Utah, by C. T. Sumsion,
1971.

Valley area, Grand and
U.S. Geological Survey,

No. 33. Hydrologic reconnaissance of Hansel Valley and northern Rozel Flat,
Box Elder County, Utah, by J. W. Hood, U.S. Geological Survey,
1971.

No. 34. Summary of water resources
Hely, R. W. Mower, and C.
1971.

of Salt Lake County, Utah, by Allen G.
Albert Harr, U.S. Geological Survey,

No. 35. Ground-water conditions in the East Shore area, Box Elder, Davis,
and Weber Counties, Utah, 1960-69, by E. L. BoIke and K. M.
Waddell, U.S. Geological Survey, 1972.

No. 36. Ground-water resources of Cache Valley, Utah and Idaho, by L. J.
Bjorklund and L. J. McGreevy, U.S. Geological Survey, 1971.

No. 37. Hydrologic reconnaissance of the Blue Creek Valley area, Box Elder
County, Utah, by E. L. BoIke and Don Price, U.S. Geological Survey,
1972.

No. 38. Hydrologic reconnaissance of the Promontory Mountains area, Box
Elder County, Utah, by J. W. Hood, U.S. Geological Survey, 1972.

No. 39. Reconnaissance of chemical quality of surface water and fluvial
sediment in the Price River Basin, Utah, by J. C. Mundorff, U.S.
Geological Survey, 1972.

No. 40. Ground-water conditions in the central Virgin River
R. M. Cordova, G. W. Sandberg, and Wilson
Geological Survey, 1972.

basin, Utah, by
McConkie, U.S.

No. 41. Hydrologic reconnaissance of Pilot
Jerry C. Stephens and J. W. Hood, U.S.

Valley, Utah and Nevada, by
Geological Survey, 1973.

No. 42. Hydrologic reconnaissance of the northern Great Salt Lake Desert
and summary hydrologic reconnaissance of northwestern Utah, by
Jerry C. Stephens, U.S. Geological Survey, 1973.
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No. 43. Water resources of the Milford area, Utah, with emphasis on ground
water, by R. W. Mower and R. M. Cordova, U.S. Geological Survey,
1974.

No. 44. Ground-water resources of the
Elder County, Utah, by L. J.
Geological Survey, 1974.

lower Bear River drainage basin, Box
Bjorkland and L. J. McGreevy, U.S.

No. 45. Water resources of the Curlew Valley drainage basin, Utah and
Idaho, by Claud H. Baker, Jr., U.S. Geological Survey, 1974.

No. 46. Water-quality reconnaissance of surface inflow to Utah Lake, by
J. C. Mundorff, U.S. Geological Survey, 1974.

No. 47. Hydrologic reconnaissance of the Wah Wah Valley
Millard and Beaver Counties, Utah, by Jerry C.
Geological Survey, 1974.

drainage basin,
Stephens, U.S.

No. 48. Estimating mean streamflow in the Duchesne River basin, Utah, by
R. W. Cruff, U.S. Geological Survey, 1975.

WATER CIRCULARS

No.1. Ground water in the Jordan Valley, Salt Lake County, Utah, by Ted
Arnow, U.S. Geological Survey, 1965.

No.2. Ground water in Tooele Valley, Utah, by J. S. Gates and O. A.
Keller, U.S. Geological Survey, 1970.

BASIC-DATA REPORTS

*No.

*No.

*No.

*No.

1. Records and water-level measurements of selected wells and chemical
analyses of ground water, East Shore area, Davis, Weber, and Box
Elder Counties, Utah, by R. E. Smith, U.S. Geological Survey, 1961.

2. Records of selected wells and springs, selected drillers' logs of
wells, and chemical analyses of ground and surface waters, northern
Utah Valley, Utah County, Utah, by Seymour Subitzky, U.S.
Geological Survey, 1962.

3. Ground-water data, central Sevier Valley, parts of Sanpete, Sevier,
and Piute Counties, Utah, by C. H. Carpenter and R. A. Young, U.S.
Geological Survey, 1963.

4. Selected hydrologic data, Jordan Valley, Salt Lake County, Utah, by
I. W. Marine and Don Price, U.S. Geological Survey, 1963.

*No. 5. Selected hydrologic data, Pavant Valley, Millard County, Utah, by
R. W. Mower, U.S. Geological Survey, 1963.

*No. 6. Ground-water data, parts of 1,-Jashington, Iron, Beaver, and Millard
Counties, Utah, by G. W. Sandberg, U.S. Geological Survey, 1963.
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No.7. Selected hydrologic data, Tooele Valley, Tooele County, Utah, by
J. S. Gates, U.S. Geological Survey, 1963.

No.8. Selected hydrologic data, upper Sevier River basin, Utah, by C. H.
Carpenter, G. B. Robinson, Jr., and L. J. Bjorklund, U.S.
Geological Survey, 1964.

No.9. Ground-water data, Sevier Desert, Utah, by R. W. Mower and R. D.
Feltis, U.S. Geological Survey, 1964.

*No. 10. Quality of surface water in the Sevier Lake basin, Utah, by D. C.
Hahl and R. E. Cabell, U.S. Geological Survey, 1965.

*No. 11. Hydrologic and climatologic data, collected through 1964, Salt Lake
County, Utah, by W. V. Iorns, R. W. Mower, and C. A. Horr, U.S.
Geological Survey, 1966.

No. 12. Hydrologic and climatologic data, 1965, Salt Lake County, Utah, by
W. V. Iorns, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1966.

No. 13. Hydrologic and climatologic data, 1966, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1967.

No. 14. Selected hydrologic data, San Pitch River drainage basin, Utah, by
G. B. Robinson, Jr., U.S. Geological Survey, 1968.

No. 15. Hydrologic and climatologic data, 1967, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1968.

No. 16. Selected hydrologic data, southern Utah and Goshen Valleys, Utah,
by R. M. Cordova, U.S. Geological Survey, 1969.

No. 17. Hydrologic and climatologic data, 1968, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1969.

No. 18. Quality of surface water in the Bear River basin, Utah, Wyoming,
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