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CONVERSION FACTORS

For use of those readers who may prefer to use inch-pound units rather
than metric units, the conversion factors for the terms used in this report
are listed below:

Metric unit Multiply by To obtain inch-pound unit
millimeter (mm) 3.937 x 107> inch (in.)
millimeter per day (mm/d) 3.937 x 10-2 inch per day (in./d)
millimeter per year (mm/yr) 3.937 x 10_2 inch per year (in./yr)
kilometer (km) 6.214 x 10_l mile (mi)
square kilometer (kmz) 3.861 x 10_l square mile (mz)
meter (m) 3.281 foot (ft)
cubic meter per second (m3/s) 3.531 cubic foot per second (f3/s)
cubic meter per minute (m3/min) 3.531 cubic foot per minute (f3/min)
cubic meter (m3) 3.531 cubic foot (f3)
cubic meter per year (m3/yr) 3.351 cubic foot per year (f3/yr)
degree Celsius (°C) 1.8°C + 32 degree Fahrenheit (°F)
meter per hour per meter 1.076 x 10 foot per hour per foot
[ (m/h) /m] [(£/h)/f]
meter per year (m/yr) 3.281 foot per year (f£/yr)
milligram per liter (mg/L) 1/ 1.0 part per million (ppm)
microsiemens (uS) per 1.0 micromho per centimeter
centimeter at 25° Celsius at 25° Celsius
microgram per liter (ug/L) 1/ 1.0 part per billion (ppb)
liter per second (L/s) 1.586 x 10l gallon per minute (gal/min)
liter per minute (L/min) 9.516 x 102 gallon per minute (gal/min)

l/Approximate,
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Classification of Natural Waterl/

Dissolved solids Specific conductance

Class (parts per million - (micromhos per square centimeter
milligrams per liter) at 25° Celsius)

Fresh 0 to 1,000 0 to 1,400
Slightly saline 1,000 to 3,000 1,400 to 4,000
Moderately saline 3,000 to 10,000 4,000 to 14,000
Very saline 10,000 to 35,000 14,000 to 50,000
Briny More than 35,000 More than 50,000

l/From Feltis (1966, p. 8) and Robinove, Langford, and Brookhart (1958, p. 3).

NGVD
The base datum used in this report is the National Geodetic Vertical
Datum of 1929 (NGVD of 1929). This is a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada. This datum was formerly called mean sea level, and is referred
to as sea level in this report.
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RECONNAISSANCE OF THE GEOHYDROLOGY OF THE MOAB-MONTICELLO AREA,

WESTERN PARADOX BASIN, GRAND AND SAN JUAN COUNTIES, UTAH

By

J. E. Weir, Jr., E. Blair Maxfield, and I. M. Hart

ABSTRACT

Study of the geohydrology of the Moab-Monticello area in Grand and San
Juan Counties, Utah, is one of five reconnaissance investigations of the
Paradox basin. These studies are part of a program designed to evaluate
possible storage of radioactive waste in salt deposits. The work was done by
the U.S. Geological Survey under the auspices of the U.S. Department of Energy.
The area, approximately 4,900 square kilometers in size, is in the western
part of the Paradox basin and includes the west slope of the La Sal Mountains
and the north slope of the Abajo Mountains.

The study area is more humid than most of the surrounding Colorado
Plateau region. Precipitation generally ranges from about 200 millimeters
per year to about 750 millimeters per year; the estimated volume of water
falling on the area is 1,600 x 10° cubic meters per year. Of this total,
approximately 265 x 10% cubic meters per year (17 percent) is runoff,

150 x 10% cubic meters per year (9 percent) recharges upper-system aquifers

and an estimated 42 x 10° cubic meters (3 percent) returns to the atmosphere
via evapotranspiration from stream valleys. The rest is evaporated rapidly

at or near the place where it falls.

Rocks ranging in age from Proterozoic to Holocene occur in the area.
Most of the rock formations that are Paleozoic in age or older are mainly
sedimentary and occur only in the subsurface. Sedimentary strata comprise the
great preponderance of the geologic section. Permeable sandstones, limestones,
and salt (halitic) deposits with little permeability are the most important,
as far as ground-water hydrology is concerned. The hydrogeologic units
selected for reconnaissance evaluation, in descending order of estimated
hydraulic conductivity, are: (1) The lower Paleozoic aquifer; (2) the
alluvial aquifer; (3) the Mesozoic sandstone aquifer; (4) Tertiary aquifer;
(5) the Mesozoic~upper Paleozoic confining beds; (6) the Cretaceous confining
beds; (7) Upper Paleozoic confining beds; (8) the lower Paleozoic and
Proterozoic confining unit; and (9) the salt confining beds, consisting of
the salt deposits of the Paradox Member of the Hermosa Formation. The salt
confining beds divide upper and lower ground-water systems.

Structurally, the area consists of dominantly northwest-trending salt
anticlines and contiguous faults paralleled by synclines. The intrusive masses
that form the La Sal and Abajo Mountains are laccoliths, with bysmaliths and
complex other intrusive forms comprising, in gross form, moderately faulted



domal structures. The geologic structures significantly modify ground-water
flow patterns in the upper ground-water system, but have no obvious effect on
the flow regime in the lower ground-water system.

The general quality of water in the upper ground-water system is suitable
for most uses. The quality of water of the lower ground-water system is
slightly saline to briny. Water quality of the Colorado River is suitable for
most uses, based on dissolved chemical constituents; some of the small
tributaries of the river are saline.

INTRODUCTION

The U.S. Geological Survey has conducted a series of investigations,
funded by the U.S. Department of Energy under Interagency Agreement DE-AI97-
79ET44611, related to the potential isolation of high-level radioactive wastes
in the Paradox basin, Utah and Colorado. These investigations included
geologic, geophysical, and hydrologic studies to identify suitable environments
for waste storage and to develop new techniques for site exploration and
evaluation. As part of the investigations, this report presents general
geohydrologic information on the Moab-Monticello area in the western part of
the Paradox basin in Utah.

The purpose of this report is to define surface-water and ground-water
hydrology of the Moab-Monitcello area in sufficient detail to be part of the
data base to determine the feasibility of storing nuclear waste in salt
deposits associated with salt anticlines. The investigation primarily used
existing data and reports, with minor supplementation from reconnaissance
inventories and measurements,

Location and Extent of the Area

The part of the Paradox basin described in this report is shown in
figure 1. The area adjoins the Colorado River to the northwest between the
mouth of the Dolores River at the northernmost part and a point approximately
22 km downstream from the mouth of the Green River. The eastern boundary is
the drainage divide between the Dolores and Colorado Rivers for about 90 km
in a southerly direction through the La Sal Mountains (pl. 1). The southern
boundary follows the drainage divide between the Colorado and San Juan Rivers
for about 65 km, in a generally westerly direction across the Abajo Mountains
(pl. 1). The southwest boundary of the area is a 56-km span that coincides
with the approximate limit of the Paradox basin evaporites (defined by Hite
and Lohman, 1973, fig. 1).

The Moab-Monticello area is about 120 km long in a north-south direction
and ranges from about 15 km wide near the northern end to about 65 km wide at
the southern end. It includes about 4,900 km?, or about 16 percent of the
Paradox basin. Approximately 60 percent of the Paradox basin is in south-
eastern Utah and about 40 percent is in Colorado. Virtually all of the Moab-
Monticello is in Utah (pl. 1 and fig. 1).
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Previous Work

Baker (1933) described the general geology and possibilities of oil
occurrence in parts of the Moab-Monticello area, including some references to
water resources. Hunt (1958) described the structural and igneous geology of
the La Sal Mountains in detail and briefly noted some of the water resources.
Hunt's report includes much of the northeastern part of the Moab-Monticello
area. Richmond (1962) described the Quaternary stratigraphy and physiographic
development of the La Sal Mountains. TIorns, Hembree, and Oakland (1965), in
a regional study of the upper part of the Colorado River basin, presented
geohydrologic data and summarized the hydrology of a region that includes the
Moab-Monticello area. Baars' (1966) analysis of the pre-Pennsylvanian paleo-
tectonics includes some of the hydrologic characteristics of the stratigraphic
units involved. Feltis (1966), in a regional reconnaissance, described the
occurrence and quality of water in bedrock aquifers of eastern Utah. Sumsion
(1971) described the water resources of the Spanish Valley area, with primary
emphasis on the alluvial aquifer and flow in the creeks. Sumsion and Bolke
(1972) completed an investigation of parts of Canyonlands National Park and
ground-water occurrences, partly included in the Moab-Monticello area. Hite
and Lohman (1973) described the general characteristics of the salt anticlines
in the Paradox basin and their relationship to possible waste-disposal sites.
Huntoon (1979) described the occurrence of ground water in Permian age rocks
and Thackston and others (1981) described ground-water circulation in western
Paradox basin. Rush and others (1982) described the hydrology of the Green
River-Moab area, adjacent to this study area and on the west side of the
Colorado River. Most of the authors cited above used some data from explora-
tory drilling done by o0il and mining companies.

Numbering System for Hvdrologic Sites

Location numbers for wells, springs, and other places where data were
obtained for this report are based on the rectangular land subdivisions of
the U.S. Government in Utah, referenced to the Salt Lake base line and
meridian. The number describes the position of a data point within the land
net. All of the Moab-Monticello area is south of the base line and east of
the meridian. A location number consists of three segments: the first
designates the township south of the base line; the second segment, separated
from the first by a slanted line, designates the range east of the meridian;
and the third segment, separated from the second by a dash, is the section
number. If the site could be located precisely, following the section number
are two or three letters indicating the quarter section, quarter-quarter
section, and quarter-quarter-quarter section; the letter "a'"' indicates the
northeast quarter of each subdivision; "b'" indicates the northwest quarter;
"o" indicates the southwest quarter, and 'd" indicates the southeast quarter,
Thus, 25/22-1 acb designates the location of a hydrologic site located in the

NWY SWY NEY}; sec. 1, T. 25 S., R. 22 E.



HYDROLOGIC ENVIRONMENT

The region in and around the Moab-Monticello area has a diverse climate.
Differences in altitude and the effect of mountains on the movement of air
masses and storms have more effect on the climate than the small range of
geographic latitude. Pacific air masses and storms dominate the regional
weather during October through April; warm, moisture-laden air masses from
the Gulf of Mexico may traverse the region in summer. Summer weather produces
less frequent but more intense storms. The higher parts of the La Sal and
Abajo Mountains are comparatively wet and cool; their slopes and adjacent
plateaus are drier, and subject to large variations in diurnal and seasonal
temperature. The semiarid and arid canyons and valleys at low altitudes have
hot summers and cold winters.

In the hydrologic regimen of the Moab-Monticello area, evaporation
constitutes the bulk of consumptive use (water loss). Consumptive use
includes water loss through transpiration by all types of vegetation (not
only phreatophytes, described separately in this report) and evaporation
from land, vegetation, and water surfaces. Potential evapotranspiration is
defined by Thornthwaite and Mather (1955) as the water loss that will occur
if there is no deficiency of soil water. A weighted mean annual potential
evapotranspiration for the Moab-Monticello area is about 1,000 mm. Potential
evapotranspiration (total evaporational loss) ranges from about 1,400 mm in
the lower altitudes (below 1,500 m) to about 600 mm near the summits of the
La Sal Mountains along the eastern boundary of the area and the Abajo Mountains
along the southern boundary of the area (above 3,300 m). These values for
potential water loss are, of course, much greater than actual water loss,
because soil moisture is nearly continuously deficient in this arid environment.

Physiography and Drainage

The Moab-Monticello area is in the western part of the Paradox basin, a
major subdivision of the Colorado Plateaus province (as defined by Fenneman,
1946). Thornbury (1965) defined the Colorado Plateaus province as an area
encompassing approximately 240,000 km? in parts of Arizona, New Mexico, Utah,
and Colorado; about 90 percent of the province is drained by the Colorado
River and its tributaries.

Despite the existence locally of significant structural relief, gently
dipping sedimentary rocks characterize much of the province. Altitudes
exceed 1,500 m throughout most of the Colorado Plateaus province. Deep
canyons are more common here than in any other part of the United States.
Differential erosion of hard and soft rocks has produced innumerable
escarpments and benches; these benches generally follow or parallel structural
features (pl. 1). The great relief is largely the result of deep canyons
eroded into moderately flat terrain.



Altitudes range from about 1,100 m at the area's southern boundary at
the Colorado River to more than 3,800 m on the highest peak of the La Sal
Mountains. Steplike structural benches, usually called mesas, are common
between the river and the two mountain ranges.

Hite and Lohman (1973, p. 4) noted that the Paradox basin is not a
definable physiographic feature. The basin boundaries are determined by the
extent of a thick sequence of Pennsylvanian evaporites, called the Paradox
Member of the Hermosa Formation; therefore, the basin is depositional rather
than structural.

The surface drainage system of the Moab-Monticello area is tributary to
the Colorado River. Snowmelt and springs of the higher mountains and mesas
provide water to a few small perennial and intermittent streams tributary to
the Colorado River.

Castle Creek (25/23) originates on the northwestern slope of the La Sal
Mountains. Pack Creek and its largest tributary, Mill Creek, originate on the
west slope of the La Sal Mountains and flow through Spanish Valley (27/23),
reaching the Colorado River near Moab, Utah. Kane Springs Creek (27/21) and
its chief tributary, Hatch Wash (29/22), drain much of the mesa country between
the La Sal and Abajo Mountains; this drainage system is perennial near the
Colorado River. The flow of Indian Creek and Salt Creek reaches the Colorado
River from the north slope of the Abajo Mountains only during spring and early
summer periods of larger runoff. The headwaters of Indian Creek largely are
diverted south out of the area by an aqueduct to Blanding, Utah, where they
are used for public water supply; most of the remaining flow is appropriate
for irrigation on ranches in the Indian Creek drainage system. Total surface-
water inflow to the Colorado River from the Moab-Monticello area is very small
in comparison to the average flow of the river through this area (pl. 2).

Hydrogeologic Units

Because of the general paucity of ground-water data available for the
Moab-Monticello area, and in order to maintain the reconnaissance scope of
this report, a simple three~fold designation of major hydrogeologic units has
been chosen (table 1, column 7), consisting of a lower and an upper ground-
water system separated by a salt confining unit. The lower ground-water
system includes the stratigraphic units from the granitic basement upward to
the base of the salt-bearing beds of the Paradox Member of the Hermosa
Formation. The principal confining unit is the Paradox Member. The upper
ground-water system contains predominantly freshwater and consists of all
stratigraphic units from the top of the Paradox Member to the land surface;
locally, it includes Quaternary alluvium.

The lower ground-water system contains saline water and, locally, some
0il and gas. The equivalent of the Leadville Limestone, called Leadville
equivalent in this report, is the most permeable unit in the lower ground-
water system. The equivalent of the McCracken Sandstone Member of the Elbert



Formation locally yields saline water, oil, and gas to some of the boreholes
that have penetrated it. The remaining five stratigraphic units in the lower
ground-water system probably have little permeability.

To evaluate the water yielding character of the lower ground-water system,
82 drill-stem tests for the system were examined; one drill-stem test
(29%/24-32 aa DST 1) was available for the upper ground-water system. A summary
of these tests is compiled in table 2. Detailed data for all 83 drill-stem
tests are compiled in table 3. The Leadville equivalent in the lower ground-
water system was tested most frequently, and the Paradox Member of the Hermosa
Formation was tested second most frequently. Based on comparative rates of
fluid recovery during testing, the Leadville equivalent, Ouray, and Elbert
Formations are the most permeable stratigraphic units tested. Two-thirds of
the tests of the Paradox Member of the Hermosa Formation primarily recovered
drilling mud, indicating little permeability; therefore, the calculated mean
fluid recovery rate [19 (m/h)/m of tested interval] probably is deceptively
large and indicative of permeability where nonsaliferous interbeds are thickest
and shattered by faulting and folding.

The salt confining unit consists of 70 to 80 percent halite and some
associated potash salts that are practically impervious to fluid flow. Black
shale, dolomite, and anhydrite interbedded with the salt are fractured and
yield from traces to commercially productive accumulations of oil and gas.
"0il and petroleum gases, primarily methane, are found in the Paradox Member
by almost every well drilled in the Paradox basin'" (Hite and Lohman, 1973,
p. 42). Generally, pressure in these hydrocarbon deposits dissipates within
a few hours or days, indicating that they are localized reservoirs sealed in
by salt layers. The salt deposits constitute an effective barrier to fluid
flow. Underlying and overlying strata with very little permeability (parts
of two confining units) augment the confining functions of the salt-bearing
beds.

Sandstone beds of the upper ground-water system yield varying quantities
of freshwater to wells and springs, where saturated. Some of the sandstones
yield some water from interstices, but most of them yield moderate quantities
of water from fractures. Not all beds in this thick section are sandstone;
some are shale, mudstone, limestone, or conglomerate; where these beds are
intensely fractured, they also transmit some water.

In addition to lithified-rock (mainly sandstone) aquifers in the upper
system, Quaternary alluvium (table 1) yields water to wells and springs in a
few valleys where it is thickest and saturated. One notable example is
Spanish Valley, where numerous wells on the valley floor produce water from
alluvial deposits (Sumsion, 1971, p. 14).

The Entrada, Navajo, and Wingate Sandstones are the most important
aquifers throughout much of the Moab-Monticello area, because these aquifers
yield water that is chemically suitable for most uses. In a few places, yields
from water wells completed in the Navajo Sandstone are large; for example, well
26/22-15 dca, a part of the Moab water supply, yields 9,255 L/min. In the
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southern part of the Moab-Monticello area, mainly in The Needles area and in
Beef Basin, the Cedar Mesa Sandstone Member of the Cutler Formation is an
important aquifer. Along the upper slopes of the La Sal and Abajo Mountains
and on Elk Ridge, the Burro Canyon Formation is an important aquifer.

Ground-water information is not abundant for all stratigraphic units in
the Moab-Monticello area. More precise details of how water is transmitted
through various rocks and their fractures probably will result from future
development and more intense investigation.

Structure

Within the Paradox basin, the principal structural features are the salt
anticlines, most of which are elongated wrinkles trending predominantly
northwest. Synclines parallel the salt anticlines. Faults and fracturing
associated with and contiguous to folding affect lateral migration of water
in the upper ground-water system almost everywhere.

The salt anticlinal structures resulted from both regional compressive
stresses and plastic flowage of the Paradox Member of the Hermosa Formation
(Hite and Lohman, 1973, p. 68). Fisher Valley, Castle Valley, Moab-Spanish
Valley in addition to parts of Pine Ridge, Cane Spring, Lockhart, and
Meander anticlines, plus Rustler and Gibson domes, are all associated with
or are anticlines within the Moab-Monticello area (Hite and Lohman, 1973,
fig. 1, p. 5).

Intrusive rocks of Tertiary age form the cores of La Sal and Abajo
Mountains. These rocks are stocks, laccoliths, sills, dikes, and bysmaliths
that are broadly domal in structural aspect. Broad structural benches on
the flanks of the mountains are underlain by sandstones of the upper ground-
water system (pl. 1; fig. 2).

Ground-Water Occurrence

The principal aquifers of the upper ground-water system consist of allu-
vium of Quaternary age and the Dakota Sandstone, Burro Canyon Formation, and
Entrada, Navajo, and Wingate Sandstones of Mesozoic age, all of which crop
out in the study area. The upper ground-water system is confined locally by
strata with negligible permeability, but in most places it is unconfined
because confining units have been removed by erosion. Underlying these
aquifers and overlying the salt confining beds is the Mesozoic-upper Paleo-
zoic confining bed (table 1), which is dominantly mudstone, siltstone,
shale, and limestone interbedded with calcareous sandstone and conglomerate,
all with little permeability. Stratigraphically, the confining unit in-
cludes all rocks from the salt deposits up to the top of the Chinle Formation.

The principal aquifer of the lower ground-water system consists of the
Leadville equivalent, Ouray, and Elbert Formations; the equivalent of the
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McCracken Standstone Member of the Elbert Formation; and possibly the Lynch
Dolomite (see table 1), all of Paleozoic age; none of these units crop out in
the study area. The lower ground-water system receives its recharge in areas
of outcrop outside the boundaries of the study area, mostly beyond the
Paradox basin. The system probably is confined by the overlying Molas
Formation and lower member of the Hermosa Formation, which are all effective
confining units. Because of salt flowage, the Paradox Member is absent or
thin in a few localities (pl. 1).

The table below lists the hydrogeologic units selected for reconnaissance
evaluation in order of decreasing estimated hydraulic conductivity:

Hydrogeologic unit Lithologic characteristics

Lower Paleozoic aquifer Fractured and dolomitized carbonates
and buried karst zones.

Alluvial aquifer Unconsolidated clastic deposits.
Mesozoic sandstone aquifer Dominantly sandstone; includes some
fine-grained strata.
Tertiary aquifer Locally fractured intrusive rocks.
Mesozoic—-upper Paleozoic Dominantly siltstone, shale, and
confining beds. mudstone.
Cretaceous confining beds The Mancos Shale is thin to absent

and not a very important confining
unit in the study area.

Decreasing hydraulic conductivity

Upper Paleozoic confining Mostly siltstone, shale, and anhydrite.
beds.
Lower Paleozoic and Mainly granite and quartzite of the
Proterozoic confining unit. basement complex.
\ Salt confining beds Halitic deposits.

Ground-water flow is principally lateral. Such stratigraphic units as
the Brushy Basin Member of the Morrison Formation, and the Summerville,
Chinle, and Moenkopi Formations restrict vertical migration of fluids in the
upper ground-water system, although these units might transmit some water
where they underlie or are between more permeable units that are saturated.
The Paradox Member and lower member of the Hermosa Formation and the Molas
Formation comprise a very effective confining unit, restricting vertical
migration of fluid between the upper and lower ground-water systems. Where
the Paradox Member has not been thinned or removed by salt flowage, it is an
extremely effective confining unit. Extensive faulting and fracturing occur
in some areas of very thin salt. In these areas, minor vertical interchange
of water could potentially occur between the two ground-water systems;
however, no such interchange was identified during this study.
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In some localities, ground water is withdrawn from shallow depths by
phreatophytes before it reaches the main zone of saturation. Springs and a
few wells discharge some of the ground water after it reaches the main zone
of saturation. Except along the Colorado River, much of the water discharged
by springs, phreatophytes, and wells probably comes from permeable beds over-
lying less permeable beds.

All permeable strata below river level near the Colorado River are
saturated. The top of the saturated zone, an irregular surface, slopes up-
ward away from the river (pl. 2). Some saturated beds would not yield water
freely to a borehole because of the very small permeability of these units.

Precipitation

The Moab-Monticello area, according to Pyke (1972, fig. 3b) is in a
transition-precipitation zone of multiple monthly maxima, between areas to
the south, east, and west characterized by maximum precipitation in August,
and secondary precipitation in February, May, and December.

Precipitation for the Moab-Monticello area was first measured and
recorded at Moab during 1890. Abundant precipitation data collected since
that time are summarized in several tables and illustrations in this section
of the report.

Average annual precipitation at weather stations in and near the study
area is summarized in table 4. Location of the stations is shown in
figure 3. Because some of the periods of record for precipitation are short
in relation to the records of Moab, La Sal, and Monticello, all short-period
station averages were adjusted to the longer-term means (table 4). These
values were plotted on a graph (fig. 4) to determine the general relation of
precipitation to altitude in the area. As shown, average precipitation
systematically increases with altitude from a minimum of about 200 mm/yr or
less at an altitude of 1,120 m to more than 1,000 mm/yr at an altitude of
3,760 m, which are the approximate minimum and maximum altitudes for the
study area.

Areal distribution of precipitation in the report area is shown in
figure 3. Average annual precipitation on the mesas and flatlands ranges
from about 200 to 250 mm. Average annual potential lake evaporation is
estimated to be 1,050 to 1,200 mm (Kohler and others, 1959, pl. 2), or about
5 times greater than precipitation. Therefore, mesas and flatlands are arid
to semiarid. In the higher areas of the La Sal and Abajo Mountains, precipi-
tation is 750 mm/yr or more; the climate is subhumid to humid where the
quantity of precipitation approximates potential evaporation.

The estimated volume of long-term average annual precipitation (table 5)
is computed to be about 1.6 x 10 m3, or equal to an average of about 200 mm
throughout the study area. These estimates are based on the altitude-
precipitation relations shown in figure 4, weighted for areal distribution
(fig. 3).
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Table 4.--Average annual precipitation at weather stations in and

near the Moab-Monticello area*

[Map No. is the number used to identify stations on figures 3 and 4;

Adjustment to long term mean is based on cumulative departure at

Moab (a), La Sal (b), and Monticello (c); m, meters; mm, millimeters]

Altitude Average annual
Map above Period precipitation
No Station name sea level of
) (m) record Average Adjusted
(mm) (mm)
1 Cisco 1,320 1953-66 188.5 a219
2 Dewey 1,256 1968-77 199.6 a2le
3 Moab 1,209 1890-77 224.5 225
4 Castleton 1,780 1963-77 351.8 a393
5 Canyonlands-Neck 1,798 1966-77 206.8 a299
6 La Sal Mountain Upper 2,865 1959-74 709.2 b731
7 La Sal 2,128 1901-77 324.9 325
8 Canyonland-Needles 1,536 1966-77 204.7 b209
9 Hite Marina 1,125 1968-77 146.9 als9
10 Buckboard Flats 2,743 1968-74 837.6 c920
11 Monticello 2,079 1902-77 392.5 393
12 Natural Bridges National 1,981 1965-77 287.5 c306
Monument.

13 Elk Ridge Kigalia 2,591 1968-76 601.9 c668

“Based on data from the National Weather Service, 1947-1974 and 1974-1977.
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Monthly distribution of precipitation for Moab and Monticello is shown
in figure 5. Both stations have the same general distribution pattern:
(1) A dry period from November through June and (2) a moister period from
July through October.

To evaluate the long-term climatological character of the area, modern
field observations are given in a long-term perspective; that relationship
is shown in figures 6 and 7. Dry conditions prevailed during 1942-77 at Moab
and Monticello; a series of moist and dry periods occurred prior to 1942
(fig. 6). Long-term climatic trends (fig. 7) can be identified from inter-
pretations of tree-ring chronologies (Fritts, 1965). Beginning approximately
1200, no long-term systematic change in precipitation has been identified in
the report area. Modern short-term variations in precipitation (fig. 6)
appear typical of the short-term cycles occurring since 1200. Additionally,
archeological study (Hunt, 1953) indicates a general trend toward a quantity
of precipitation adequate to support human existence in the region as far
back as 8000 B.C.

The following conclusions are made from the precipitation data: (1)
Modern precipitation cycles probably are a continuation of the general trend
with no long-term increases or decreases in overall climatic dryness; (2)
moist and dry periods probably will occur in the future, similar to those
recorded in the past, and (3) conditions under which this reconnaissance was
made probably were dryer than normal.

Runoff

Runoff in the drainage network occurs in response to snowmelt from
higher altitudes in the spring and early summer and also as a result of
summer and autumn rainstorms, sometimes intense and usually limited in areal
extent. Runoff in the perennial streams is augmented by base flow, or that
part of streamflow resulting from ground-water discharge into the channels.
Several tributaries of the Colorado River in the Moab-Monticello area are
perennial (table 6), such as Pack and Mill Creeks (26-28/21-24). Some
reaches of Onion, Professor, Castle, Indian, and Salt Creeks, and the Hatch
Wash-Kane Springs Creeks system of drainage also are perennial (pl. 2).

Average annual runoff for the upper Colorado River region is 63.5 mm/yr
(Price and Arnow, 1974, pl. 1); most of the Moab-Monticello area, about
4,250 km?, has less runoff than the average (fig. 8). The total water yield
occurring as runoff from the report area is estimated to be 265 x 106 m3/yr,
using a mean value of 53 mm/yr for that part of the area that is less than
the regional average, and 182 mm/yr for the subhumid, high country that is
greater than the regional average. The La Sal and Abajo Mountains yield
150 x 10° m3/yr and the remaining part of the area yields 115 m3/yr. Runoff
is about 17 percent of total precipitation.
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PRECIPITATION, IN MILLIMETERS
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Figure 5.--Average monthly distribution of precipitation.
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CUMULATIVE DEPARTURE FROM AVERAGE PRECIPITATION, IN MILLIMETERS
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Figure 6.--Cumulative departure from average annual precipitation,
based on measured precipitation at Moab and Monticello.
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GROUND-WATER FLOW

Inflow to the Ground-Water Systems

Potential sources of inflow to the ground-water flow systems include
recharge from precipitation, possible infiltration locally from the Colorado
River, and subsurface inflow across the area boundary from adjoining areas.
Evaporites generally prevent vertical flow between the upper and lower
ground-water systems, as discussed previously. Therefore, probably the
only inflow to the lower system is by lateral ground-water flow from beyond
the study area boundary.

Recharge from Precipitation

An empirical method of estimating average annual ground-water recharge
from precipitation in desert regions was developed by Eakin and others (1951,
p. 79-81); recharge was estimated as a percentage of the average annual pre-
cipitation within an area. Geographic zones in which average precipitation
ranges between specified limits were delineated on a map, and a percentage of
precipitation was assigned to each zone; this value represented assumed aver-
age recharge from average annual precipitation on that zone. The degree of
reliability of the estimate so obtained is related to the degree to which the
values approximate actual precipitation, and the degree to which the assumed
percentage represents actual percentage of recharge. Neither of these factors
is known precisely enough to assume a significant degree of reliability for
any area. However, this method has proved useful for reconnaissance estimates,
and experience in using the method throughout Nevada and the desert areas of
western Utah indicates that in many areas in these desert regions, estimates
probably are near the actual long-term average annual recharge.

Recharge from precipitation probably is greatest near the La Sal and
Abajo Mountains, where precipitation quantities are relatively large and
along both ephemeral and perennial channels, where deep infiltration is most
likely. Maximum annual recharge to the upper ground-water system from pre-
cipitation is estimated to be 150 x 10° m3 (table 5). This is about 9 percent
of estimated average annual precipitation. This numerical recharge~
precipitation ratio is large compared to the Colorado River basin average of
4 percent (Price and Arnow, 1974, p. 69), but not greatly inconsistent with
similar areas of Nevada and western Utah.

Possible Recharge from the Colorado River

Potentiometric contours (pl. 2) show that water moves in the upper
ground-water system toward the Colorado River, indicating that no net recharge
occurs from the river. The river generally is a gaining stream (Rush and
others, 1982) throughout the reach bounding the Moab-Monticello area. By
hydrologic inference, it similarly is evident that the river does not recharge
the lower ground-water system.
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Subsurface Inflow

Potentiometric contours for equivalent freshwater heads (fig. 9) indicate
that ground water flows into the lower ground-water system from adjacent areas.
Inflow is primarily from the north, southeast, and east. The main movement of
water through the lower ground-water system is lateral beneath and adjacent to
the Paradox basin.

Potentiometric contours (pl. 2) for the upper ground-water system
indicate little if any subsurface inflow from adjacent areas. The south-
eastern part of the Moab-Monticello area might receive minor inflow from
adjacent areas, but data are extremely sparse in this part of the study area.
Similarly, in all boundary areas where control is lacking, no definite inter-
pretation as to minor inflow is possible.

Outflow from the Ground-Water Systems

The various elements of ground-water outflow include evapotranspirationm,
springflow, discharge to the Colorado River, subsurface outflow, and discharge
by wells. Significant subsurface outflow is likely only for the lower ground-
water system.

Evapotranspiration

Shallow ground water is discharged by transpiration by phreatophytes
and evaporation from soil. Shallow ground water occurs beneath the flood
plain of the Colorado River and beneath the principal perennial and ephemeral
stream channels (pl. 1).

The area covered by phreatophytes is estimated to be about 60 km?, of
which about 2 km? is river flood plain. 1In general, the shallower depth-to-
water areas, mainly along the Colorado River, have stands of saltcedar,
cottonwood, willow, and saltgrass. Areas with a greater depth-to-water (as
much as 15 m) support greasewood, saltbush, and rabbitbrush.

The total average annual discharge by phreatophytes probably is about
42 x 10° m3. This total is based on an estimated average annual rate of about
1 m/yr for saltcedar, cottonwood, and willow, and about 0.1 m/yr for grease-
wood saltbush, rabbitbrush, and saltgrass. These unit quantities of evapo-
transpirative losses were chosen from research done by Lee (1912), White (1932),
Young and Blaney (1942), Houston (1950), Robinson (1965), and Harr and Price
(1972) in other areas. About 40 km? in the Moab-Monticello area are covered
by saltcedar and other trees, including cropland, and 20 km? by bushes and
saltgrass.

Sumsion (1971, p. 24) estimated evapotranspiration from an area of 9 km?

in Spanish Valley, in the central northwestern part of the Moab-Monticello
area, to be 6 x 10° m3/yr. Our estimate of the area in Spanish Valley where
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phreatophytes grow is 20 kmz, or more than twice that estimated by Sumsion;
our estimate of the quantity of water evapotranspired in Spanish Valley is

16 x 10° m3/yr, almost three times the quantity estimated by Sumsion. Major
differences lie in the mapped areas that have phreatophytes. Sumsion did not
identify considerable areas of phreatophyte growth in tributary canyons of
the valley, and our estimate probably is more representative of actual
evapotranspirational losses in the Spanish Valley area.

Springflow

Known springs in the Moab-Monticello area number at least 90, as
determined from a count of those springs on the 15-minute topographic
quadrangle maps, plus a few additional springs located during the reconnais-
sance. The actual number of springs, both perennial and ephemeral, probably
is much greater, as many are small ephemeral springs in remote areas; some
of the ephemeral springs may not have been detected during the mapping or
were unreported., Data were obtained from 66 springs within or adjacent to
the area (table 7). The number of perennial springs in the area is estimated
to be about 55. Spring discharge in the area is considerably greater than in
the Green River-Moab area (Rush and others, 1982) to the northwest. Most
springs have only small discharges and occur high on the flanks of the La Sal
and Abajo Mountains. The estimated total spring discharge for the area is
about 9,000 L/min, or about 5 x 10° m3/yr. Most of the springs have a source
in perched water bodies.

Many of the springs occur along canyon walls at formation contacts,
usually where more permeable rocks overlie beds with little permeability.
Fractures in the more competent sandstone units are a major control for the
point of discharge from the units. Discharges of recorded springs (table 7)
range from a seep to 1,261 L/min; most are less than 50 L/min. Many springs
that flow in the spring and early summer cease flowing by late July or August.
This condition is especially true for many of the springs at lower altitudes
in the southwest part of the area.

Many springs discharge from the Dakota Sandstone and Burro Canyon
Formation. These are at higher altitudes along the flanks of the La Sal and
Abajo Mountains and, for the most part, are perennial springs with an average
discharge of about 70 L/min and a probably large variation in flow during the
year. The quality of water generally is suitable for most uses, with an
average specific conductance of 534 pS. These high-altitude springs discharge
from more permeable beds overlying less-—permeable beds. The underlying
stratigraphic units are the Brushy Basin Member of the Morrison Formation,
composed mostly of bentonitic mudstone and siltstone, and the Summerville
Formation composed of sandstone, shale, and mudstone. These strata are
relatively impervious and plastic; even where they have been extensively
fractured, they retard water flow because the fractures have been resealed
by plastic flowage.
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Springs also discharge from the Entrada, Navajo, and Wingate Sandstones,
and Cedar Mesa Sandstone Member (table 7). A substantial number of these
springs are intermittent. The main recharge areas for these formations are at
lower altitudes than the Dakota Sandstone and Burro Canyon Formation, and they
occur in areas of less precipitation. The Dewey Bridge Member of the Entrada
Sandstone (Carmel ¥ormation in older reports) is a very fine-grained sandstone
and siltstone that has negligible permeability, enabling bodies of perched
water to form in the upper units of the Entrada Sandstone.

The Kayenta Formation consists of lenticular channel sandstones and
floodplain deposits of siltstone and mudstone. Besides the one spring in the
Kayenta area, at least one more spring is just outside the area (26/20-24abb).
Because the Kayenta Formation transmits fluids (largely where it is fractured),
the Navajo Sandstone above it and the Wingate Sandstone below it are hydrau-
lically connected, at least to a limited extent where fractures have remained
open. The Chinle and Moenkopi Formations, below the Wingate Sandstone, are
composed of siltstone and mudstone, and therefore are efficient confining beds.
The Cedar Mesa Sandstone Member of the Cutler Formation is extensively exposed
in the southern part of the area. Where the exposures are high on the flanks
of the Abajo Mountains and along northern Elk Ridge (southwest of the report
area), the springs issuing from the Cedar Mesa are perennial; where the
exposures are at lower altitudes, north and west in The Needles area (31/19),
the springs are ephemeral.

In Fisher and Castle Valleys, several springs discharge from the alluvium.
Both valleys are underlain by extensive alluvial fill. Recharge probably is
derived mostly from perennial stream runoff at the eastern end of the valleys;
springs have developed at the western ends of these valleys. The recharge
from perennial streams is supplemented by local infiltration of precipitation.
Spanish Valley also is extensively alluviated. There, the alluvium receives
recharge mainly from inflow via bedrock along the sides of the valleys.
Recharge is greater in the southeastern part of Spanish Valley because of
greater abundance of rainfall and runoff. The outflow to the river from
alluvium in Spanish Valley was estimated to be approximately 10 x 10% m3/yr
(Sumsion, 1971, p. 24).

Generally, springs discharging from younger rocks occur in the eastern
and southeastern parts of the study area, along the La Sal and Abajo Mountains;
those springs issuing from older rocks are farther southwest and reflect the
distribution of the exposed formations (pl. 1).

Discharge to the Colorado River
An analysis was made of ground-water inflow to the Colorado River (Rush
and others, 1982, p. 54 to 66), as part of the reconnaissance investigation

of the Green River-Moab area, which borders the Moab-Monticello area on the
northwest. Applicable parts of that analysis are presented here.
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Rush and others (1982) concluded that ground~water discharges from the
upper ground-water system into the Colorado River. This conclusion was based
on: (1) Surface-water data for the Colorado River and its tributaries in 1948;
(2) surface-water data for the river and its principal tributaries from
September 1949 througb 1958; and (3) potentiometric contours for the upper
ground-water system for that area (pl. 2). Separate discussions follow for
each of the three sets of data, insofar as they apply to the inflow of water
from the eastern side of the river.

During 1946 through 1948, three reconnaissance trips by the U.S. Geological
Survey were made by boat down the Utah reach of the Colorado River to determine
flow of the river at numerous sites not included in the U.S. Geological Survey
gaging-station network (Thomas, 1952, p. 2). The trips were made in September
and October, when flows were expected to be at or near minimum for the year.
However, in 1946 and 1947, at Lees Ferry, Arizona, and Hite, Utah, both down-
stream from the study reach, flows during the reconnaissance periods were 1.4
to 2.0 times as large as those measured during the reconnaissance in 1948.
Because small contributions of ground water to river flow are detected more
precisely during minimum flows, the 1946 and 1947 data are not used. The 1948
data were considered by Thomas (1952, p. 2 and 4) to be especially favorable
for estimating ground-water gains and losses, because the flow of the river
was lower than at any time since 1940, and very little storm runoff occurred
during or immediately preceding the reconnaissance.

Ground-water inflow data for several reaches of the Colorado River are
presented in tables 8, 9, and 10; these results are summarized in figure 10.
Ground-water inflow to the Colorado River upstream from the mouth of the Green
River is about 90 L/s per kilometer of aquifer length. The area southeast of
this reach of the river contains the La Sal Mountains, which receive more than
700 mm of precipitation annually (fig. 3); as a result, they produce much more
runoff and ground-water discharge than the tributary area northwest of the
same river reach. Estimated ground-water discharge from the upper ground-water
system to the river was determined for the study area by multiplying the dis-
charge estimate of the segments by the aquifer lengths. The Colorado River
crosses about 112 km of aquifer; estimated inflow to the river from the study
area is therefore about 0.8 x 10% L/s. Annual inflow rates were determined
from transmissivity, which was constant, and hydraulic gradient, which, over
such a large area, was assumed to be almost constant; therefore, the estimated
average annual discharge to the Colorado River is about 250 x 10° m3. South-
west of the study area and the Paradox basin, estimated ground-water discharge
to the river per kilometer of aquifer is about 40 L/s, based on estimates for
that reach.

Streamflow data and computations of river gain downstream from the Cisco
gage to Hite for each September from 1949 through 1958 are presented in
table 11. Gains in flow are recorded for 8 of the 10 years; on the average,
a total computed gain to the river from ground-water sources is about
10,000 L/s, or about 40 L/s per kilometer of aquifer length.
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Table 8.--Estimated ground-water inflow to the Colorado River
between Cisco, Utah, and the mouth of the Green River,
September 28-29, 1948

[Based mostly on unpublished data by H. W. Chase,
U.S. Geological Survey, Salt Lake City, Utah]

Inflow Cubic meters per second
River at Cisco gage (September 28) l/67.1
Tributaries = .3
Total (1) 67.4

Qutflow
River upstream from mouth of 74.5

Green River (September 29) 2/
Evapotranspiration = 1.4
Total (2) 75.9

Ground-water inflow [(2)-(1D)] 8.5
River gain per kilometer of aquifer (rounded) 2/90 liters per

second

l/Included flow in Onion, Rock, Castle, Negro Bill, Mill, and
Indian Creeks, Salt Wash, Lockhart Canyon, and a spring.

2 . . saqs
—/Based on evapotranspiration rate of 5 millimeters per day,
water-surface area of 20 square kilometers, and vegetated flood

plain of 3.8 square kilometers.

é-/Based on an aquifer distance of 90 kilometers.
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Table 9.--Estimated ground-water inflow to the Colorado River
between the mouth of the Green River and Hite, Utah,
September 29-October 4, 1948

[Based on unpublished data by H. W. Chase,
U.S. Geological Survey, Salt Lake City, Utah]

Inflow Cubic meters per second
Colorado River 74.5
Green River 26.8
Tributaries .9
Total (1) 102.2
Outflow
Colorado River l/104.5
Evapotranspiration = A
Total (2) 104.9
Ground-water inflow [(2)-(1)] 2.7
River gain per kilometer of aquifer (rounded) g-/40 liters per
second
1/

—'Based on an estimated evapotranspiration rate of 5 millimeters
per day, water-surface area of 6.5 square kilometers, and vegetated
flood plain of 0.67 square kilometer.

g-/Batsed on an aquifer distance of 70 kilometers.
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Table 10.--Estimated ground-water inflow to the Colorado River
between Hite, Utah, and Lees Ferry, Arizona,
October 4-7, 1948

[Based mostly on unpublished data by H. W. Chase,
U.S. Geological Survey, Salt Lake City, Utah;

data predated Lake Powell]

Inflow Cubic meters per second
Colorado River 104.5
Tributaries 26.7
Total (1) 131.2

Outflow
Colorado River l/133.9
Evapotranspiration = 2.7
Total (2) 136.6

Ground-water inflow [(2)-(D)] 5.4
River gain per kilometer of aquifer (rounded) g-/40 liters per

second

l/Based on an estimated evapotranspiration rate of 5 millimeters
per day, water-surface area of 39 square kilometers, and vegetated
flood plain of 6.2 square kilometers.

2/

— Based on an aquifer distance of 150 kilometers.
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Green River, Utah

Lees Ferry,
Arizona

Figure 10.--Summary diagram of estimated ground-water inflow to the Colorado
and Green Rivers (in liters per second per kilometer of under-
lying aquifer. Adapted from Rush and others, 1982).
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Total ground-water inflow to the Colorado River, as estimated by Rush
and others (1982) and shown in figure 10 is: (1) Reach (90 km) upstream from
mouth of Green River is 90 L/s per kilometer; and (2) reach (22 km) down-
stream from mouth of Green River is 40 L/s per kilometer. Thus, estimated
ground-water inflow to the river from the eastern side can be obtained by
subtracting 10 L/s per kilometer, selected by Rush and others (1982) for in-
flow from the drier, western side. Therefore: (1) 90 km x 80 L/s per
kilometer = 7,200 L/s; (2) 22 km x 30 L/s per kilometer = 660 L/s; and (3)
the total is 7,860 L/s which, when converted to an annual total and rounded
to the nearest even 10 m3/yr, is 250 m3/yr.

Wells

Only a few large-yield, large-diameter wells are known in the study area.
These selected water wells are listed in table 12, Discharge from wells is a
small part of the water budget of the systems and is unimportant except in
the three principal alluviated valleys: Spanish Valley, Castle Valley, and
Fisher Valley.

Moab, Utah, the only sizable community in the study area, obtains its
public water supply from two wells and five springs in Spanish Valley
(Sumsion, 1971, p. 25). The two wells (26/22-15 dca and 22 aab) are used
mainly during the summer to supplement water supplies from the springs.
These five springs (26/22-14 acc, 15 ccb, 15 abc, 22 aaa, and 22 aaal) flow
a total of 3,826 L/min (table 8).

In Spanish Valley, ground water is pumped from wells for domestic use
throughout most of the northwestern part of the valley; irrigation and
public-supply wells, that withdraw the greatest volumes of water, are in
the central part of the valley (Sumsion, 1971, table 9). Withdrawals from
all wells are greatest during the growing season, from April to October, to
supplement supplies from springs.

In Castle Valley, wells supply very little of the irrigation water. The
McGinty Ranch (25/23-7) obtains most of its water by impounding spring water
and using well water only as a supplemental supply. The farms of the Seventh
Day Adventist Church (25/23-8), the other large user of irrigation water,
obtain most of their water from Castle Creek, a perennial stream that flows
the length of the valley. The remaining wells in Castle Valley are used
primarily for domestic purposes. All the wells in Castle Valley are with-
drawing water from the alluvium. As in Spanish Valley, the largest consump-
tive use of water occurs during April to October.

In Fisher Valley, there are two producing wells. The well used for
irrigation (25/23-8 baa), is capable of producing 757 L/min, and a smaller
well (25/23-8) is used for domestic supply. The irrigation well is used to
supplement flow diverted from Fisher Creek.

40



||||| = 7716 - - 8¢ A4 [ANEN IAYAN! 2P6T-£7/8C umouyuf) 0¢
||||| === £°68 - - e pb: T 1er v qQ29%-€7/82 usowjuq 67
||||| ——— % - —— IGE udp $°0¢ 996G ‘T epLT-77/8C umouuy 87
sluswadeue)y pue]
punoa8 duwed yojeq 6/-90-9 —~— (7 01z 8t wir AR 4 98,1 ©qq91-12/82 jo neaang *s 1T
d1asawo(q 89-0€-Y 8°'8 €1 onz'T 6L¢ 180 9°6C 8“1 qua£Z-£2/L2 Troumolg “H 'q 92
‘juowa3euey pueq
T12# 42038 peasnuf 19— ~TT [ 4 - - -—= uwif £°62C 609°1 BI6-£7/1T Jo neaing °g'q ¥4
‘juswodeuey pueq]
T1°4 32018 pasnuf) - -1t 6°811 - - LS Teb L°8ET [A2°0" PYP9-£Z//T Jo nvadng *g°q vz
*juswadruey pueq
1194 3d01s pasnuf gc- -T1 9°9¢ - - 113 180 0°96 9061 pPapz-zz/ LT jo neaing °"§°f) €z
uofiedriag 99- -1 17662 - -== - T80 £°GEE vig‘e BO2Z1-€2/9C upqio)y *M ¢ 44
uoriesyaay £€6- -8 0°6Z1 - - 4 wif 9°CeT L60°C q42°01-£2/9C SPIoTUS 4 1c
dT3isauwoq 69-80-L 6°9% Y1 o€zt 9z T80 795 Syt epRSE~77/92 g ‘M "1 0z
£1ddng >1190d 89-6T-TT %6 €1 €47 S8L€ wir [ A 66€°T qee7C-72/9¢ qeoy 3¢ £31) 61
* Auedwoyn saur]
oTasawoq 89-60-/ S €2 91 196 €S 1ED 9°9y 96¢°T °qP/T-2¢/9T  1Yy3dTeay 13191ae) 8r
£1ddng o119nd 69-90-¢ S'91 T 897 G526 UL %99 on‘T BOPCTI-7Z/9¢ qEoW 3o L3171 LT
S1isawo( 9¢- -y 0°¢ - - LS T80 6°GZ [AZAR! 2999-27/92 Elsuoaoid “ad 9T
Ter212uuwo) 69-80-L g ST 982 6L T®D ¢ ST €€C°T 20PT-12/92 28po 119s9( 1
* (913s2wo()
dp3Isewoq 8.-71-6 -—= v oSy 6% 180 816 v08*T PPRI-%Z/5T youey 1014e] L2t
s (uoyaedyiaay)
uoTiedyaagf 8.~71-6 88y LAt 00¢ 1St 180 6°€6 L18°1 qee1-3av7/ST youey 1oifey] €1
dFIsouwoq 8L-91-6 VA4 9¢ SES 61 =Y L°SYy L18°T PPBGZ-£T/ST uolsafise) [
||||| === 6°9¢ €1 - 9L T80 €°€S w6y ‘T BqROZ-£Z/ST It
|||||| ——== 6°ST vl - €0t T80 9°19 6€9°1T PEALT-€E/ST 0T
“Tooyss
as@3udapy
dTIsvwed 8.-91-6 - 971 021t 61 T80 -——= 9Ty 1 qeqg-£€/ sz Leq yausnag 6
||||| c-9z~7 smoTH -- 00%‘1 LSL 2d 6°98 9y ‘1 eBqg-€7 /6T uL3i0§ “y 8
||||| - 0°11 -= - 1sT od §°0¢ T96°1 PPPT-£Z/ST L
* Luedwo)
o1asawoq L9~ -0T 7S - - $Yz 12D v Lz 8121 opO9¢-1z/G7 uorleIOTdxRy 321 9
* Luedwo?)
dT3sawo( 89-60-6 - 9T onY $6 18D 8 91 9Tz‘1 29P9Z-TZ/SC Se) ueqangng S
213s8wo(] 8L-ST-6 --= ¢4 09%‘1 Ls 180 S0t yIeT 2qelr-€7/ye UOSTIM So1eq Y
d211s8w0( -——— S8 - - 1T 1D 6°81 687°T q922z-€2/vT uospIeydTy €
uotiedytaag ———— €L - - 8 Ted £ Ir €1 2qp0C-£Z/%¢ 4
oT3sawo( —— —— - -— 8 1ed 661 UUTAR! q94sT-€2/%2 youey sMITL T
(st) (w) ¢ °oield
perdues ) (0,) |avue] (utw/1) e AEV |apnifife asumo uo
sylewey ajuq ded1en 01 ean3e -32npuos  PIIIA orudead uadep aoejans uorIESol 10 sweu [[oM  I2qunu
: yadeq -J1odwej, -Fieaag TT2M
OTJT0adg -pue] TTeH

[uorieWwIoy 12T3IN) @Yl JO I19QWS) DUOISPUBS ESSY IeP) ‘wddg pue {ouoispues epeiluy ‘o {duolspues BI10}RQ ‘pY fPuoispues aneduIM ‘M)
fuorieWiod uokue) oxang ‘qy ‘uoTivwiog eiuakey ‘yy fouoispues ofeaey ‘uyr fuorlewiod 1913IND ‘o4 ‘funtanify Lieuad3end ‘jud

:satun orydeadTieaas fsnysys) so99180p ‘), {SNTISTE) (¢ 1B I9laufiusd Jod suowersotdTw ‘g fainujw 1od s39ITT ‘utw/q fsiejew ‘u]

877801 a0 po10d198 Wodf DIVP ©16070apkl~—-*7T °14RL

41



*3ao0dayy

- 8(~-07-6 - LAt 090°1 VAR PA -~ 601°¢ PedT-£ /€€ oT1@213U0y 96
..... —=-= 9°y -- - 8 P € 1e 7v0°t BRRYT-€7/T¢ umowuy 99
————= -———- 8°8Y -- - 16T ar £°68 S98°1 PORT-£Z/7¢ umouyuf %S
..... e L°€T1 - - -—= A 6°0LY T/8°T BI26Z-£2/ 1€ umouyuf) 39
..... 8L-T2-6 i ST 09¢ - ar = L56°1 qeogz-£z/1¢  » dep ydeadosoyq 49
11111 69-60-9 808 ST 06Y 11 e 1°66 %88 ‘1T poeLZ-€2/1¢€ umouuq 18
..... ——=- 88y - -—= 8¢ wir L°60T ¥88 ‘1T PPP6-€C/T€ umouuf) 0S
lllll ——=- 1% - -== 123 wir 1°98 6¢8°1 qqpI-£Z/1¢ usouquq 6%
||||| ——== VALY L = GET ) 7°2ST 678°T BBOZZ-%2/0¢€ umowyuf 8y
..... 6/-60-9 LSy -~ - 0t wir v 16 LeL' 22q7Z-€7/0¢€ youey 3nodng LY
||||| 6/~60-9 == L1 0TS 9z wir S 6 658°1 q490z-£7/0¢ youey 3Inodng 9Y
..... 6.-60-9 €728 -- - 9z wif €Y1l 89,°1 qed/1-¢7/0¢ youwy 3Inodng Sy
..... 6/-60-9 ——- - — 1T wif v 16 T6LT Pepg-£¢/0¢ youry 3nodng vy
————- ——— ——- -- - LS uie Lre1t %881 qed81-77/0¢€ unouyuf cY
- punoad *Juswadeur) puer
dwed 9T3ISTYM PuIM 6.-90-9 -—= L4 0Ty 8¢ wir - 678°T ePqET-72/0€ Jo neaang °s§°n 4
*juswadrvuey pue]
1124 30038 ———- [ARAS L - 1T i 0°19 L1561 2296Z-12/0¢€ jo nvaang °g°q 1%
*javd JeuoTrieyN
..... 6.-80-9 19 Sl 0SS S1 wodg 8°GI 0€S°T P920€~-02/0¢€ spueTuofue) oY
“jaeg JruoylleN
- 6.-80-9 %9 vy -—- (YA 4 wddd 8761 XA PBP0Z-07/0€ spueTuofue) 6¢
=== = [ANAL L - 19 U SToY 69T  BIBCE-£7 /56T umouxyuy) 8¢
= ———= AN ~= - 68T Q1 A4 8°T oqewg-%7/67  @uTW ueypul 31g L€
::::: -—— 77 LET - - - af LAY 6€0°C qeegz-47/6¢ umowyuf) 9¢
213s9W0( -—=- ALY -- - -—- P ALY %50°¢ 2qq0T1-%2/6¢ xnojaaq -y @sor SE
uuuuu - [ARA" - - o€ Q1 L°8¢E o‘e 44e6-47/62 umouyu( vE
||||| —— A} zT - 9L i 8°€8 6£0°T eqdy-47/6¢ umouyuy €€
..... === v 6Y1 [as 9t my 1°65C 678°1 2qqTE-€2/8¢ umouxqu 43
::::: - UADY4 Y - 6T a £°ey 8€6°T eqoGZ~€£7/87 umouuq 1€
. sn u 7 @3erd
poydues ) (9,) wmcmw (utu/ 1) irun () ufMuwuam aJaumo uo
sHIRWDY 193eM 0] aanje ofydead yadep uoT3IBI0]
a3e( yada _1odws —39Npuod PI®TA _ e19 5 adejans 10 auweu TToM Jaqunu
1adag 1 L 233700ds TIe13S 11°M —puer oM

panNujIu0)--57790M o)DM Pa3oales wodf vivp 218070dphj--*71 21qRL

42



The study area contains many stock and domestic wells and a few public-—
supply wells; water from only a few was tested. Most of these wells,
particularly the stock wells; are in use only part of the year; they are not
used at all some years. None of these wells produces large quantities of
water; production usually is only about 15-100 L/min when the wells are
operating (table 12).

Most wells along the west and south flanks of the La Sal Mountains and
along the north and east flanks of the Abajo Mountains produce from the
Dakota Sandstone and Burro Canyon Formation. Wells on the high mesas, south-
west of the La Sal Mountains between Moab and Monticello, such as Hatch Point
and Harts Point, produce from the Entrada, Navajo, and Wingate Sandstones.
Further to the southwest, three wells in The Needles area of Canyonlands
National Park (pl. 1) produce small quantities of water (10-45 L/min) from
the Cedar Mesa Sandstone Member of the Cutler Formation.

Sumsion (1971, p. 26) estimated that 4.19 x 10° m3/yr of ground water
was used in Spanish Valley for public supply and irrigation. Possibly one-
half that quantity is used elsewhere throughout the Moab-Monticello area, for
an estimated total of about 6 x 10° m3/yr of water pumped from wells in the
area.

Inflow-Outflow Balance

During a multiyear period, most natural hydrologic systems approach
dynamic equilibrium; that is, inflow equals outflow, and the volume of ground-
water in storage remains nearly constant. A preliminary water budget for the
Moab-Monticello area is shown in table 13. Though the budget is incomplete,
some useful conclusions can be drawn from it on the relative volumes of water
for each of the inflow and outflow elements:

1. For the upper ground-water system:

(A) Subsurface inflow of ground water is probably minor in volume; the
principal inflow is recharge from precipitation, approximately 150 x 10° m3/yr;
(B) The principal element of ground-water outflow is discharge to the

Colorado River;
(C) All other elements of outflow are relatively small; and
(D) The estimated total outflow from the system is about 300 x 10° m3/yr.

2. For the lower ground-water system:

(A) Total inflow and outflow are about equal;

(B) Because the evaporite confining bed is nearly impermeable, all
inflow to and outflow from the system is subsurface ground-water flow; and

(C) The volume of water moving through the system is unknown, but
probably is nearly constant.

The calculated imbalance of the budget for the upper ground-water system

is approximately 150 x 106 m3/yr. The reason inflow and outflow quantities
are so different warrants discussion. The outflow estimate for the budget
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Table 13.--Water budgets for the ground-water systems

Budget element

Average annual estimate
(10% cubic meters)

Upper Ground-Water System

Inflow

Recharge from precipitation
and runoff (table 4).
Recharge from Colorado
River (p. 51).
Subsurface inflow (p. 52 and 68)

150
0

Unknown; probably minor but
possibly significant if lower
ground-water system leaks
upward.

Total (rounded) 150
Outflow
Evapotranspiration (p. 54) 40
Springflow (p. 55) 5
Discharge to Colorado River (p. 61) 250
Subsurface outflow (p. 54) Probably small.
Wells (p. 71) 6
Total (rounded) 300

Lower Ground-Water System

Subsurface inflow (p. 52)

Subsurface outflow (p. 54)

Unknown: virtually all
recharge is from precipitation
on outcrops outside the study
area.

Unknown, but probably
identical to inflow.
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probably is the most accurate of the two parts; therefore, we reasonably
deduce that inflow probably is too small. Recharge, the principal element of
inflow having a significant consequence to the estimate, presumably, should
be larger. 1If the curve (fig. 4) relating precipitation to altitude, from
which volume of recharge was estimated, were drawn as a straight line that
plotted largely to the right of the curved version presented, the precipitation
would be larger for a given altitude zone (table 4), and estimated recharge
would be proportionately greater. Unknown subsurface inflow laterally from
outside the study area is properly designated as minor in quantity; however,
if the lower ground-water system leaks upward, which is suggested as a
possibility in the section on summary of flow system, the resultant inflow
might be significant to the budget for the upper system.

Summary of Flow Systems

All large hydrologic systems include recharge areas, areas of lateral
movement (such as the Paradox basin), and discharge areas. Recharge areas
for the lower ground-water system are remote (east and north) from the study
area; likewise, conspicuous discharge areas are outside the study area.
Marble and Grand Canyons, southwest of Paradox basin, comprise two such
discharge areas for the lower ground-water system or its regional equivalent.
In these canyons, ground water discharges from the Redwall Limestone, which
is approximately the same age as the Leadville Limestone equivalent. However,
not all water recharging the lower Paleozoic aquifer in the region is dis-
charged from the Redwall Limestone into the Colorado River. Areas undoubtedly
exist along the regional flow paths where water can migrate upward into
younger rocks from the aquifer and its equivalent strata. Hydraulic potential
for upward leakage exists almost everywhere in the area. Hydraulic heads are
sufficient to raise fluid at least as high as lower saturated, permeable
units of the upper ground-water system. Virtually all rocks can transmit
some water, although the thick salt deposits of the Paradox depositional
basin probably come as close to zero hydraulic conductivity as any natural
sedimentary layers. Conceivably, the slope on the potentiometric surface of
the lower ground-water system might be maintained through infinitesimally
small, but widespread upward discharge; thus, the system would function without
any conspicuous discharge to the surface directly from the system. Such a
hypothesis would necessitate that small quantities of water from the lower
Paleozoic aquifer throughout a large area enter shallower strata; some of
the water interchanged vertically could contain large concentrations of
sodium chloride. However, no definite occurrence of salty water in these
shallower beds was observed during this reconnaissance investigation and
analysis. Perhaps additional data for the deeper ground-water system could
show that most of the salty water moving upward migrates through clayey
membranes and is altered osmotically; that is, the freshwater fraction of
the altered fluid moves upward, leaving greater salt concentrations behind
in the carbonate aquifer beds.

Compared to the lower ground-water system, flow in the upper ground-

water system is relatively simple. Recharge from precipitation occurs on
the flanks of the La Sal and Abajo Mountains, as shown by potentiometric
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contours (pl. 2). Much cross-formational downward flow probably occurs
within the upper system between the mountains and the Colorado River. Some
spring discharge occurs locally on the mountain slopes; but, most of the dis-
charge is to the river. Water in the permeable layers younger than the Cutler
Formation probably is unconfined in most of the Moab-Monticello area,
especially on the upper mountain slopes and under the high mesas. Based on
water-level data, the two mountain masses form ground-water divides coinciding
approximately with drainage divides, and probably no water flows into the upper
ground-water system from outside the study area in the mountainous parts. The
drainage divide along the southeastern boundary of the Moab-lMonticello area
also possibly coincides approximately with the ground-water divide; however,
inflow of ground water from the adjacent Dolores River drainage area is
possible. Some upward migration from the lower ground-water system, discussed
earlier in this section, also is possible.

Throughout most of the Moab-Monticello area, potentiometric head in the
lower ground-water system is lower than the potentiometric head in the upper
ground-water system (fig. 9 and pl. 2); thus potential for some downward
leakage from the upper to lower system does exist. Near the Colorado River,
between its confluences with the Dolores and Green Rivers, the predominant
potential is for upward leakage from the lower ground-water system (fig. 9);
that is, potentiometric heads for the lower system are 100 to 200 m higher
than water-level heads in the main saturated zone of the upper system.
However, no direct evidence exists of any actual leakage, upward or downward,
through the confining beds of salt and adjacent confining beds from these
potentials., Possible upward or downward leakage depends on vertical potentio-
metric gradient in any specific locality.

GENERAL CHEMICAL CHARACTER OF WATER

Water-quality data for the Moab-Monticello area were obtained mostly from
the work of others, mainly Feltis (1966), Sumsion (1971), and Sumsion and
Bolke (1972). Water-quality data are meager or lacking in large parts of the
area, and no data were obtainable for water in some of the hydrologic units.

In general, the concentration of dissolved solids in ground water depends
on transit time or flow distance as the water migrates from recharge to dis-
charge areas and on solubility of rock materials in units through which the
water migrates. The water closer to recharge areas typically has smaller con-
centrations of dissolved solids than it does near distant discharge areas.
Minerals such as gypsum and halite (salt) that are readily water soluble
impart greater quantities of dissolved matter to ground water coming into
contact with these rocks than do less soluble rocks such as sandstones.

The following discussion of units for which chemical analyses are
available is arranged from youngest to oldest in the hydrogeologic sequence.
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Alluvial Aquifer

Water in 12 samples from alluvium had dissolved-solids concentration
that ranged from 167 to 1,040 mg/L and averaged 625 mg/L. Water from the
alluvium is characterized as calcium sulfate or calcium bicarbonate type.
Gypsum and limestone probably are the major contributors of these ions.
Sodium concentration was 54 mg/L or less, and chloride was 30 mg/L or less,
indicating that halite deposits have only a minor effect on the quality of
water in the alluvium.

Mesozoic Sandstone Aquifer

Four samples of water from the Dakota Sandstone and the underlying Burro
Canyon Formation had dissolved-solids concentrations ranging from 98 to 504
mg/L and averaging 329 mg/L. Water from these units is a calcium bicarbonate
type. The freshwater in these strata can be attributed primarily to the
close proximity of the sources sampled to the recharge areas.

Three samples of water from the Entrada Sandstone had 190 to 417 mg/L
of dissolved solids and an average dissolved-solids concentration of 329 mg/L.
Two of the samples contained mostly calcium and bicarbonate, the others
contained mainly sodium, potassium, and bicarbonate.

Dissolved solids in waters from the Navajo Sandstone ranged from 163 to
505 mg/L and averaged 275 mg/L. Dominant ions in the six analyses available
are calcium and bicarbonate; two of these six analyses also show moderately
large concentrations of sodium, potassium, and sulfate.

Eight samples of water from the Wingate Sandstone had dissolved-solids
concentrations that ranged from 164 to 684 mg/L and averaged 260 mg/L. Seven
of the analyses show a predominance of calcium and bicarbonate ions; in the
other analysis, calcium and sulfate ions dominated. The lone sample, from
Jackson Reservoir Springs (26/22-7 cca), had greater sulfate concentration than
the others and reflects local conditions near the reservoir, possibly resulting
from irrigation return flows in this locality. If the analytical results of
Jackson Reservoir Spring were eliminated, the average value for dissolved
solids would be 199 mg/L for the seven remaining analyses, and the extremes
would be 164 and 303 mg/L.

The Mesozoic sandstone aquifer yields water that is chemically suitable
for most uses, as shown in the foregoing discussions of water from individual
stratigraphic units. The quality of the water makes this aquifer a valuable
resource.
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Mesozoic~Upper Paleozoic Confining Beds

Ten water samples from the Cedar Mesa Sandstone Member of the Cutler
Formation had between 228 and 931 mg/L of dissolved solids and averaged
476 mg/L. Seven of the analyses indicate that water from the Cutler Formation
is a calcium bicarbonate type. Three of the analyses show that water from the
Cutler is of a sodium magnesium and bicarbonate sulfate type.

Three samples of water from the Rico Formation had an average dissolved-

solids concentration of 277 mg/L. Water from the Rico is a calcium bicarbonate
type.

Salt Confining Beds and Lower Paleozoic Confining Unit

Drill-stem tests of the Paradox Member of the Hermosa Formation indicate
the recovery of salt water or brine sometimes associated with hydrocarbons.
Chemical analyses of water recovered from drill-stem testing were not made
often, or results were not reported often; therefore, analytical data for the
brines from interbeds in the salt deposits are scarce.

Two samples of water from the Paradox Member of the Hermosa Formation
contained 152,200 and 295,000 mg/L of dissolved solids. These brines are
dominantly sodium, potassium, and calcium chloride waters. Chloride concentra-
tions were reported as 94,000 and 190,000 ppm. Such waters generally are
reported as saltwater by petroleum engineers in many reports of drill-stem
tests.

No chemical analysis for water from the upper Paleozoic confining beds
was found during the study. Three drill-stem tests (table 2) of the Molas
Formation indicated recovery of small quantities of drilling mud and no forma-
tion fluid. If the Molas were saturated with water, the minute quantity that
might enter a borehole, during the 0.5 to 1 hour when the testing tool is
open during a drill-stem test, would not be detectable in drilling mud.

Lower Paleozoic Aquifer

Numerous drill-stem tests have been conducted in petroleum exploration
holes in this aquifer. Only a few samples of water recovered during these
tests were analyzed. Most of the water-quality data are for water from the
Leadville equivalent, the most prolific producer in the lower Paleozoic aquifer.

Eight samples of water from the Leadville equivalent had 43,000 to 221,200
ppm of dissolved solids; the average value for dissolved solids was 121,800 ppm.
This water may be characterized as a sodium potassium chloride water. The
following table summarizes the results of analyses for the eight samples:
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(Results in parts per million, data from Feltis, 1966, table 3)

Sodium plus

Calcium Magnesium potassium Sulfate Chloride

Location (Ca) Mg) (Na+K) (SOA) (CL)

27/21-3 cdce 2,000 243 36,100 120 59,600
27/22-17 ddb 960 1,360 48,000 2,600 77,400
28/19-18 dc 1,840 740 14,000 4,300 21,700
28/21-22 cac 1,950 620 60,000 3,550 64,000
28/22-10 ddb 2,100 450 32,600 4,500 52,000
28/23-2 be 1,050 390 84,400 3,700 131,000
29/20-4 cba 1,560 900 25,100 5,150 39,900
29/21-18 cb 2,870 630 75,900 3,840 120,000
Average 1,800 670 47,000 3,500 70,700

(rounded).

Feltis (1966, p. 22) in discussing water from rocks of Mississippian
age in the Canyonlands section (an area of greater size than Paradox basin) of
the Colorado Plateau in Utah stated, "Chemical analyses of 52 water samples
from the undifferentiated rocks of Mississippian age showed a range of 7,172
to 327,283 parts per million of dissolved solids .........5ix of the water
samples were moderately saline, 16 samples were very saline, and 30 samples
were brines."

A total of 13 drill-stem tests (tables 2, 3) were conducted in Devonian
rocks in the Moab-Monticello area, but no chemical analyses are available for
fluids recovered from these tests. Seven of these tests were of the equivalent
of the McCracken Sandstone Member of the Elbert Formation, and the other six
were designated as tests of the Ouray and Elbert Formations. One-half the tests
of the Elbert and Ouray recovered fluid described as '"black, salty, sulfur
water," and the others recovered mainly drilling mud. Tests of the McCracken
equivalent recovered drilling mud, with the exception of one test that reported
the recovery of "gas-cut, salty, sulfur water."

Colorado River Water

Dissolved-solids concentration in the water of the Colorado River varies
nearly in inverse relation to streamflow; concentration is smallest during high
flows and largest during low flows (Lorns and others, 1965, p. 20). The effect
is manifest in the seasonal water-quality differences of the river water.
Abundant runoff has relatively small concentrations during spring and early
summer, whereas predominantly ground-water inflow has relatively larger concen-
trations during late summer, autumn, and winter. Long-term, weighted~average
concentrations (Iorns and others, 1965, table 7, p. 20) of dissolved solids
indicate 547 mg/L at the Cisco gage and 527 mg/L at the Hite gage downstream.
In general, the river water is a calcium bicarbonate and sulfate type; at low
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flows, calcium, sodium, and sulfate become predominant ions and dissolved-
solids concentration may increase to 1,850 mg/L at the Cisco gage and 1,200
mg/L at Lees Ferry, Arizona (Iorns and others, 1965, p. 26-27).

The Dolores River, whose confluence with the Colorado River is just
upstream from the Cisco gage, transports water into the Colorado River that
has a long-term average dissolved-solids concentration of 496 mg/L (Iorns and
others, 1965, table 7, p. 20). During base-flow periods, water from the
Dolores River has much larger dissolved-solids concentration. Specific-
conductance measurements in the Colorado River upstream and downstream from
the Dolores confluence during October 1977 (Rush and others, 1982) were 1,850
and 1,980 pS or approximately 1,240 mg/L of dissolved solids upstream, and
1,330 mg/L of dissolved solids downstream from the confluence.

Surface-water inflow to the Colorado River between the mouth of the
Dolores River and the mouth of the Green River is minor in quantity. However,
accretion in this reach from ground-water inflow having both larger and smaller
concentrations of dissolved solids may be significant, especially during periods
of low flow in the Colorado River (Rush and others, 1982).

Water from the Green River probably decreases the concentrations of
dissolved solids in the Colorado River water downstream from their confluence.
During October 1977, two samples collected from the Colorado River upstream
and downstream from the confluence showed a change in dissolved-solids con-
centration from 1,260 to 933 mg/L (Rush and others, 1982). During periods of
high flow in this reach of the river, changes are undoubtedly less marked.

An example of this less-marked change in quality of water downstream at times
of high runoff is given in the following table (Iorns and others, 1965,
summarized from table 10, p. 26-27):

[L/s, liters per second; mg/L, milligrams per liter]

Colorado River near Green River at Colorado River at
Cisco, Utah Green River, Utah Lees Ferry, Arizona
Dissolved Dissolved Dissolved
Discharge™ solids Discharge— solids Discharge— solids
(L/s) (mg/L) (L/s) (mg/L) (L/s) (mg/L)
1,763,000 238 1,796,000 222 5,047,000 250
1,686,000 239 1,598,000 222 3,888,000 253
1,578,000 240 1,457,000 222 3,461,000 256
1,358,000 241 1,182,000 225 2,874,000 262
1,079,000 248 909,000 230 2,325,000 270
1/

~'Data are mean flows for water years 1914-57 adjusted to 1957 conditions.
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RELATIONSHIP OF GROUND WATER
AND STREAMS TO SALT BEDS

Disruptions of the ground-water flow regime are inferred (pl. 2) for the
upper ground-water system because of anticlinal structures and closely relat-
ed faulting that interrupt aquifer continuity. Although hydraulic-head data
and other hydraulic information are not adequate everywhere to confirm these
disruptions, geologic information, general hydrologic character of the strata
involved in the diapir and fault structures, and indications from chemical
quality of the water provided the guidelines from which water-level contours
were drawn.

Shallow ground-water flow in the three main alluvial valleys in the study
area is of particular interest because these valleys overlie anticlinal salt
structures. All three valleys have resulted from upward plastic movement of
salt and subsequent collapse above these structures, apparently from solution
of the salt and later deposition of extensive alluvial deposits. Beneath the
alluvium are cap rocks composed of gypsum, anhydrite, and carbonate rocks of
the Paradox Member of the Hermosa Formation that were formerly interbeds in
the salt sequence; in a few small areas, these cap rocks are exposed within
the collapsed structures. Because of collapse after solution of halite beds,
these cap rocks are chaotic. Each valley has extensive faulting visible
along its margins; additional faults in the central parts of the valley are
obscured by the alluvial cover. Each valley receives considerable recharge
from rainfall and runoff; springs also discharge from the alluvium at the
downstream ends of the three valleys. In the following paragraphs, data
collected for streams, springs, and wells in each valley are discussed.
Location of hydrologic sites are shown on plate 2.

Fisher Valley, the northernmost of the three valleys, trends northwest
(24/25 and 25/25) (pl. 2). The valley is at the junction of the northwest-
trending, collapsed, Fisher Valley anticline and the northeast-trending
Cottonwood graben (pl. 2 and fig. 2). Part of the collapsed Fisher anticline
is floored by the Paradox Member of the Hermosa Formation over which Onion
Creek flows. Fisher Creek originates high on the northeast flank of Mount
Waas (26/24), in the La Sal Mountains, and then flows the length of Fisher
Valley, before flowing northeast down Cottonwood Canyon to the Dolores River.
The upstream reach of Fisher Creek is the principal source of water for
recharge to the alluvium in the valley, other than precipitation. The creek
is used for irrigation, and its flow only reaches the Dolores River during
the spring period of snowmelt and high-water runoff.

Onion Creek originates in a canyon on the west side of Fisher Valley.
Flow is sustained by several small springs issuing from points near the base
of the alluvium. Onion Creek flows west to the Colorado River traversing
about 4.5 km of cap rock composed primarily of gypsum of the Paradox Member
of the Hermosa Formation exposed in the stream valley (pl. 1).

The specific conductance of the water in the Fisher Creek at the up-
stream end of Fisher Valley was 240 ps during September 1978. The irrigation
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well that is 9.39 m deep, and probably was drilled to the base of the alluvi-
um, yielded water with a specific conductance of 500 uS; the shallow domestic
well, 5.18 m deep produced water with a specific conductance of 450 uS.

Both wells are near the upstream end of the valley, where much of the recharge
to alluvium is taking place. Specific conductance of the springs issuing from
the alluvium into upper Onion Creek averaged 1,060 uS, measured during the
same visit to the locality. Several specific-conductance measurements were
made of the flow in Onion Creek. Progressing downstream, the following spe-
cific conductances were obtained: (1) 1,500 uS, at a point just before

Onion Creek begins to flow across the exposed Paradox Member (pl. 1); (2)
2,800 uS at a point about midway through the reach in which the Paradox

Member is exposed (24/24-20); (3) 3,200 uS at a point near the western end of
the well-exposed part of the Paradox Member (24/23-24); and (4) 3,850 uS at

a point near the confluence of Onion Creek and the Colorado River (24/23-11).
These measurements indicate that some solution of gypsum is occurring by

water as it moves through the alluvium in the upstream reach of the valley.
Slightly more dissolution by Onion Creek (or its underflow) of evaporites is
occurring as it flows over the exposed beds of the Paradox Member.

Castle Valley (25/23), south of Fisher Valley, overlies a diapiric salt
structure. The Castle Valley structure trends northwestward, on the same
lineament as the Paradox Valley structure to the southwest and the Salt
Valley anticline to the northwest (fig. 2). The Castle Valley structure is
separated from Paradox Valley by intrusives of the La Sal Mountains. Castle
Valley separated from the Salt Valley structure by a northward bend in the
Salt Valley trend that becomes the Cache Valley anticline. Outcrops of the
Paradox Member occur only near the southeastern end of the valley. These
are mainly small outcrops on the south side of the valley and a small expo-
sure encircling the Round Mountain bysmalith (Hunt, 1958, p. 323).

Castle Creek originates high on the northern flank of Mount Waas and
flows the length of Castle Valley to join the Colorado River. Castle Creek,
the only perennial stream in Castle Valley, loses water to the alluvium in
the upstream reaches (recharge area), then gains water from the alluvium via
a group of springs near the downstream end. Pinhook and Placer Creeks are
both ephemeral streams that originate on the west side of Mount Waas. These
streams contribute to the ground water only during the high runoff season in
early spring. None of the streams in this valley is in direct contact with
the Paradox Member.

Specific-conductance measurements made on September 15, 1978, at selec-
ted sites along Castle Creek indicate a progressive increase in specific
conductance downstream. The specific conductance of Castle Creek at the
head of the valley, the southeast end, was 220 uS; approximately 7 km down-
stream, near Round Mountain (25/23-27), the value was 835 pS; 8 km farther
downstream and near the south end of the alluvium, the value was 850 uS; and
1.5 km farther downstream, the value was 3,100 uS. The specific conductance
then remained nearly the same farther downstream to the mouth of Castle Creek.
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Specific conductance of the springs and well water increases north-
westward down Castle Valley at about the same rate as that of the stream
water. The spring at Castleton site in the upstream end of the valley had a
specific conductance of 700 uS; down-valley, the wells at the Seventh Day
Adventist Farms (25/23-8,17,20) had an average of 1,140 pS; McGinty Spring
(25/23-7aac), a little farther downstream, had 2,000 uS; next was a spring
with 501 uS. Near the downstream end of the valley (also near the downstream
end of the alluvial deposits), a group of springs called Homestead Springs
(25/22-1ac) had an average specific conductance of 2,438 uS. As in Fisher
Valley, the increase in specific conductance may mean that there is some
solution of salt or gypsum along the upper contact of the Paradox Member
with the alluvium. However, one spring, 25/23-6add, in the lower valley,
has an anomalously small specific conductance (501 uS).

Spanish Valley (25-27/21-23) (pl. 2) is the southernmost of the three
salt-structure valleys. It is a northwest-trending anticline bounded on the
southwest by the Moab fault. A very small outcrop of the Paradox Member
occurs near the northwest end of the valley. Two perennial streams flow
into Spanish Valley from the west flank of the La Sal Mountains. Pack Creek
originates in the pass between Mount Tukuhnikivatz and South Mountain
(27/24-28), and the origin of Mill Creek is to the north near Mams Peak
(26/24-25). Pack Creek enters the valley at the southeast end and flows the
length of the valley on alluvium. Mill Creek parallels the valley for three-
fourths of its length before it joins Pack Creek (26/21-2).

Samples from streams and wells in Spanish Valley were collected and
analyzed earlier for another report (Sumsion, 1971). The down-valley increase
in specific conductance noted in the other two valleys does not occur in
Spanish Valley. This difference may be because of the very limited contact
of the alluvium with soluble parts of the Paradox Member in Spanish Valley;
or, perhaps the more soluble parts of the Paradox Member have been dissolved
and transported out of the valley during a much earlier period.

In the rest of the study area, three other drainage systems contribute
significant quantities of water to the Colorado River. The Kane Springs-
Hatch Wash system (29-32/21-25) drains a wide area east of the Colorado
River between the La Sal and Abajo Mountains. The system is ephemeral
throughout most of the upstream reaches. Only in the area where Hatch Wash
has eroded to the base of the Entrada Sandstone and into the Navajo Sandstone,
a short distance downstream from Joe Wilson Canyon and Wind Whistle Draw
(29/23-32), are there enough springs for a year-round flow. Much water is
lost to evapotranspiration by phreatophytes, but a sufficient discharge of
water exists from seeps and springs from the Navajo and Wingate Sandstones
to maintain at least a small flow in this reach throughout most of the year.
In a few places, flow for short distances may occur as underflow through the
alluvium. No detectable relationship causing flow disruptions was found for
the ground-water regime from the diapiric structures occurring in these
drainage basins.
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Indian Creek and North Cottonwood Creek originate on the northern flank
of the Abajo Mountains (34/21-22). These streams are both ephemeral in their
downstream reaches from about the Dugout Ranch area (31/21-24) downstream.

A large part of the headwaters of Indian Creek is diverted south across the
Abajo Mountains divide through an aqueduct to the community of Blanding, Utah,
(south of the study area) for public-water supply. The largest volume
diverted occurs during the late summer and autumn when the growing-season
demand is greatest, and other springs and wells that supply the town have
begun to decrease in production. Most of the remaining undiverted flow in
Indian Creek is appropriated for irrigation on ranches in the Indian Creek
drainage system. Most of the flow of North Cottonwood Creek also is diverted
for irrigation. Water reaches the Colorado River from Indian and North
Cottonwood Creeks only during the spring runoff, or during infrequent, intense
thundershowers.

Salt Creek, further to the west, is an ephemeral stream that contributes
water to the Colorado River during the early spring, when runoff is greatest.
None of the drainage system discussed above, namely Kane Springs-Hatch Wash,
Indian Creek, North Cottonwood Creek, or Salt Creek, flows across areas where
the Paradox Member of the Hermosa Formation is exposed. Salinity of ground
water in the Lower Paleozoic aquifer probably is not affected by the salt-
bearing beds, based on subsurface geology of the area (R. J. Hite, U.S.
Geological Survey, oral commun. 1978). Thackston and others (1981, p. 219)
described possible means whereby salt might have been dissolved from salt-
bearing beds in some localities of the Paradox basin.

ADDITIONAL STUDIES

Additional studies that could be undertaken to increase understanding of
the ground-water systems in the Moab-Monticello area include the following,
in order of increasing importance:

1. To understand the upper ground-water system, a more complete
inventory of the wells in the area and their water levels needs to be made.
Only a small percentage of the wells in the study area was examined during
this investigation, and almost all the static water levels were obtained
from drillers' logs.

2. To understand the relationship of the evaporites to ground water
in the alluvium and cap rocks within the collapsed diapiric structures, a
program of drilling and testing of water quality could be undertaken.
Although many wells produce water from the alluvium within these collapsed
structures, they do not penetrate the underlying bedrock. A few carefully
selected exploratory wells, drilled through the alluvium and into the under-
lying bedrock, could yield considerable information about the thickness and
distribution of salt, cap rock, or other bedrock in the subsurface overlying
the collapsed salt structure. Information also could be collected on any
differences in water quality above the alluvium-bedrock interface.
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3. To understand the movement of water in the lower ground-water system
and its relationship to the Paradox Member, exploratory holes are needed in
synclinal areas. Information for the lower ground-water system was obtained
from deep wells drilled for oil exploration. These wells consistently have
been drilled on anticlinal structures. Thus, data are only from areas where
the salt is the thickest; ground-water patterns are modified significantly
by these diapiric structures. Deep test wells drilled away from selected
anticlinal structures would produce information about the degree of thinning
and the characteristics of the salt away from areas of maximum upward salt
flowage; the holes also would provide needed information on the quality and
movement of ground water flowing away from these structures. This informa-
tion cannot be obtained from existing well information because of the
distribution of the wells.

4, To determine whether Gibson dome, currently considered a prime
possibility for waste storage in salt, has favorable hydrologic attributes
as a possible repository, the following work is needed:

(A) Analyze in more detail all hydraulic-head and hydraulic-
conductivity data for the area to include all nearby structures, and
thus produce a conceptual model of the flow pattern, with special
emphasis on ground-water flow toward the Colorado River.

(B) Conduct a geophysical and conjunctive drilling exploration
program for the Gibson dome area, which needs to include Rustler dome
and Lockhart anticline, which would answer hydrologic questions not
resolved by item A above. Lockhart basin and adjacent anticline, a
major collapse feature near Gibson dome, needs to be examined in
considerable detail to determine the relationship of collapse to
ground-water migration and salt solution.

CONCLUSIONS

Storage of radioactive waste in salt deposits of the Paradox basin has
been considered possible for several years (Hite and Lohman, 1973). The major
purpose of the current reconnaissance studies of the basin is to establish
a hydrologic framework as a basis for further studies to determine the
feasibility of storing radioactive waste for an extended period.

Principal findings of this study that are pertinent to an assessment of
the suitability of the hydrogeologic systems to store and contain radioactive
waste follow:

1. Water in the upper ground-water flow system discharges to the
major stream, the Colorado River.

2. Extensive, thick salt deposits and underlying and overlying confining

beds effectively separate the upper and lower ground-water systems in most
parts of the area.
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3. Potential exists for upward leakage from the lower system into
permeable units (Wingate and Navajo Sandstones) of the upper ground-water
system; this would occur chiefly where salt deposits are thin.

4. Little or no recharge occurs to the lower ground-water system
within the study area.

5. Active solution of evaporites, mainly gypsum, is occurring in the
downstream reaches of Onion and Castle Creeks. No solution of salt in the
Paradox Member has been detected elsewhere in the report area.

6. Water in the upper ground-water system generally is chemically suit-
able for most uses.

7. Ground-water flow disruptions by folds and contiguous faults are
common in the upper system. Such geologic controls of flow are not apparent
in the lower system, perhaps because available hydrologic data for lower
aquifers are not sufficiently widespread.

SELECTED REFERENCES

Andrews, D. A., and Hunt, C. B., 1948, reprinted 1956, Geologic map of eastern
and southern Utah: U.S. Geological Survey Preliminary 0il and Gas
Investigation Map 70, scale 1:500,000, 1 sheet.

Baars, D. L., 1966, Pre-Pennsylvanian paleotectonics--key to basin evolution
and petroleum occurrences in Paradox basin, Utah and Colorado: American
Association of Petroleum Geologists Bulletin, v. 50, no. 10, p. 2082-2111.

Baker, A. A., 1933, Geology and oil possibilities of the Moab district, Grand
and San Juan Counties, Utah: U.S. Geological Survey Bulletin 841, 95 p.

1946, Geology of the Green River Desert-Cataract Canyon Region, Emery,
Wayne, and Garfield Counties, Utah: U.S. Geological Survey Bulletin
951, 122 »p.

Bredehoeft, J. D., 1965, The drill-stem test: The petroleum industry's
deep~well pumping test: Ground Water, v. 3, no. 3, p. 31-36 (July).

Cater, F. W., 1970, Geology of the salt anticline region in southwestern
Colorado: U.S. Geological Survey Professional Paper 637, 80 p.

Dane, C. H., 1935, Geology of the Salt Valley anticline and adjacent areas,
Grand County, Utah: U.S. Geological Survey Bulletin 863, 184 p.

Eakin, T. E., Maxey, G. B., Robinson, T. W., Fredericks, J. C., and Loeltz,
0. J., 1951, Contributions to the hydrology of eastern Nevada: Nevada
State Engineer's Office, Water Resources Bulletin 12, 171 p.

Feltis, R. D., 1966, Water from bedrock in the Colorado Plateau of Utah:

Utah State Engineer Technical Publication no. 15, 82 p.

Fenneman, N. M., 1946, Physical divisions of the United States: U.S.
Geological Survey map, scale 1:7,000,000, 1 sheet.

Fritts, H. C., 1965, Tree-ring evidence for climatic changes in western North
America: Monthly Weather Review, v. 93, no. 7, p. 421-443.

56



Hackbarth, D. A., 1978, Application of the drill-stem test to hydrogeology:
Ground Water, v. 16, no. 1, p. 5-11.

Hanshaw, B. B., and Hill, G. A., 1969, Geochemistry and hydrogynamics of the
Paradox Basin region, Utah, Colorado, and New Mexico: Chemical Geology,
v. 4, p. 263-294.

Harr, R. D., and Price, K. R., 1972, Evapotranspiration from a greasewood-
cheatgrass community: Water Resources Research, v. 8, no. 5,

p. 1199-1203.

Haynes, D. D., Vogel, J. D., and Wyant, D. G., 1972, Geology, structure, and
uranium deposits of the Cortez quadrangle, Colorado and Utah: U.S.
Survey Miscellaneous Investigations Series Map 1-629, scale 1:250,000,
2 sheets.

Hinrichs, E. N., Krummel, W. J., Jr., Connor, J. J., and Moore, H. J., II,
(1971) Geologic map of the southwest quarter of the Hatch Point
Quadrangle, San Juan County, Utah; U.S. Geological Survey Map I-670,
scale 1:24,000, 1 sheet.

Hintze, L. F., and Stokes, W. L., 1964, Geologic map of southern Utah: Salt
Lake City, Utah, Utah State Land Board, scale 1:500,000, 1 sheet.

Hite, R. J., 1977, Subsurface geology of a potential waste emplacement site,
Salt Valley anticline, Grand County, Utah: U.S. Geclogical Survey Open-
File Report 77-761, 26 p.

Hite, R. J., and Lohman, S. W., 1973, Geologic appraisal of Paradox basin
salt deposits for waste emplacement: U.S. Geological Survey Open-File
Report 73-114, 75 p.

Hood, J. W., and Danielson, T. W., 1979, Bedrock aquifers in the lower Dirty
Devil River basin areas, Utah, with special emphasis on the Navajo
Sandstone: U.S. Geological Survey Open-File Report 79-1163, 85 p.

Houston, C. E., 1950, Consumptive use of irrigation water by crops in Nevada:
Nevada University Bulletin 185, 27 p.

Hunt, Alice, 1953, Archeological survey of the La Sal Mountains area, Utah:
University of Utah, Department of Anthropology, Anthropological Paper
no. 14, February 1953, 248 p.

Hunt, C. B., 1958, Structural and igneous geology of the La Sal ountain,
Utah: U.S. Geological Survey Professional Paper 294-I, p. 305-364.

Huntoon, P. W., 1977, The hydrogeologic feasibility of developing ground-
water supplies in the northern part of Canyonlands National Park and
Natural Bridges National Monument, Utah: Laramie, Wyoming, Wyoming
Water Resources Research Institute, 24 p.

1979, The occurrence of ground water in the Canyonlands area of Utah,
with emphasis on water in the Permian section, <n Four Cormer's Geological
Society Guidebook, 9th Field Conference, p. 39-46.

Iorns, W. V., Hembree, C. H., and Oakland, G. L., 1965, Water resources of
the Upper Colorado River Basin--Technical Report: U.S. Geological
Survey Professional Paper 441, 370 p.

Kohler, M. A., Nordenson, T. J., and Baker, D. R., 1959, Evaporation maps
of the United States: U.S. Weather Bureau Technical Paper 37, 13 p.

Langbein, W. B., and others, 1949, Annual runoff in the United States,

U.S. Geological Survey Circular 52, 14 p.

Lee, C. H., 1912, An intensive study of the water resources of a part of
Owens Valley, California: U.S. Geological Survey Water-Supply Paper 294,
135 p.

57



Lohman, S. W., 1965, Geology and artesian water supply of the Grand Junction
area, Colorado: U.S. Geological Survey Professional Paper 451, 149 p.

McKnight, E. T., 1940, Geology of area between Green and Colorado Rivers,
Grand and San Juan Counties, Utah: U.S. Geological Survey Bulletin 908,
147 p.

Mundorff, J. C., 1971, Nonthermal springs of Utah: Utah Geological and
Mineralogical Survey Water—-Resources Bulletin 16, 70 p.

National Weather Service, 1947-74, Climatological data-annual summary,
National Oceanic and atmospheric Admin., vols. 52-78.

Neff, A. W., and Brown, S. C., 1958, Ordovician-Mississippian rocks of the
Paradox Basin, Zn Sandburn, A. F., editor, Guide book to the geology
of the Paradox Basin: Salt Lake City, Utah, Intermountain Association
of Petroleum Geologists, 9th Annual Field Conference, Sept. 11-13,

1958, p. 102-108.

Price, Don, and Arnow, Ted, 1974, Summary appraisals of the nation's ground-
water resources--Upper Colorado Region: U.S. Geological Survey
Professional Paper 813-C, 40 p.

Pyke, C. B., 1972, Some meteorological aspects of the seasonal distribution
of precipitation in the western United States and Baja, California:

Los Angeles University of California Water Resources Center Contribu-
tion no. 139, 205 p.

Richmond, G. M., 1962, Quaternary Stratigraphy of the La Sal Mountains,
Utah: U.S. Geological Survey Professional Paper 324, 135 p.

Robinove, C. J., Langford, R. H., and Brookhart, J. W., 1958, Saline water
resources of North Dakota: U.S. Geological Survey Water-Supply Paper
1428, 72 p.

Robinson, T. W., 1965, Water use studies utilizing evapotranspiration tanks,
in water resources of the Humboldt River near Winnemucca, Nevada: U.S.
Geological Survey Water-Supply Paper 1795, p. 83-104,

Rush, F. E., Whitfield, M. S., and Hart, I. M., 1981, Regional hydrology of
the Green River-Moab area, Utah: U.S. Geological Survey Open-File
Report (In press).

Sanborn, A. F., editor, 1958, Guide book to the geology of the Paradox Basin:
Salt Lake City, Utah, Intermountain Association of Petroleum Geologists,
9th Annual Field Conference, Sept. 11-13, 1978, 308 p.

Sumsion, C. T., 1971, Geology and water resources of the Spanish Valley area,
Grand and San Juan Counties, Utah: Utah Department of Natural Resources
Technical Publication no. 32, 45 p.

Sumsion, C. T., and Bolke, E. L., 1972, Water resources of part of Canyonlands
National Park, southeastern Utah: U.S. Geological Survey Open-File
Report 72-363, Salt Lake City, Utah, 75 p.

Thackston, J. W., McCulley, B. W., and Preslo, L. M., 1981, Ground-water
circulation in the western Paradox basin, Utah, i<n Rocky Mountain
Association of Geologists Guidebook to geology of the Paradox basin,
1981 Field Conference, p. 201-225.

Thomas, H. E., 1952, Hydrologic reconnaissance of the Green River in Utah
and Colorado: U.S. Geological Survey Circular 129, 61 p.

Thornbury, W. D., 1965, Regional geomorphology of the United States: New
York, John Wiley, 609 p.

58



Thornthwaite, C. W., 1948, An approach toward a rational classification of
climate: Geographic Review, v. 38, p. 55-94.

Thornthwaite, C. W., and Mather, J. R., 1955, The water balance: Centerton,
New Jersey, 104 p.

Todd, D. K., 1959, Ground-water hydrology: New York, John Wiley and Sons,
Inc., 336 p.

U.S. Weather Bureau (no date), Normal annual precipitation and normal May-
September precipitation, 1931-60, State of Utah: Salt Lake City,
Utah, Utah State Engineer Office and Utah Water and Power Board,

1 sheet.

Wengerd, S. A., and Matheny, M. L., 1958, Pennsylvanian System of Four
Corners region: American Association of Petroleum Geologists
Bulletin, v. 42, no. 9, p. 2048-2106.

Wengerd, S. A., and Strickland, J. W., 1954, Pennsylvanian stratigraphy of
Paradox salt basin, Four Corners region, Colorado and Utah: American
Association of Petroleum Geologists Bulletin, V. 38, no. 10, p. 2157-
2199.

White, W. N., 1932, A method of estimating ground-water supplies based on
discharge of plants and evaporation from soil: U.S. Geological Survey
Water-Supply Paper 659-A, 105 p.

Whitkind, I. J., 1964, Geology of the Abajo Mountains area San Juan County,
Utah: U.S. Geological Survey Professional Paper 453, 110 p.

Williams, P. L., 1964, Geology, Structure, and uranium deposits of the Moab
quadrangle, Colorado and Utah: U. S. Geological Survey Miscellaneous
Investigations Series Map 1-360, scale 1:250,000, 2 sheets.

Young, A. A., and Blaney, H. F., 1942, Use of water by native vegetation:
California Department of Public Works, Division of Vater Resources
Bulletin 50, 154 p.

59



