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CClWERSION FACKRS AND REIATED INFORMATION

For use of readers who prefer to use metric (International System) units,
oonversion factors for inch-J:X)und units used in this report are listed beloo:

Multiply inch-J:X)und unit

acre

acre-foot (acre-ft)

cubic foot per second (fe/s)
foot
foot per day (ft/d)
foot squared per day (fe/d)
gallon

gallon per minute (gal/min)
gallon per minute per foot

[ (gal/min)/ft)
inch

mile
square mile

0.4047
0.004047
0.001233

1233.
0.02832
0.3048
0.3048
0.0929
3.785
0.003785
0.06309
0.2070

25.4
2.54
1.609
2.590

To obtain metric unit

square hectaneter
square kilometer
cubic hectometer
cubic meter
cubic meter per second
meter
meter per day
meter squared per day
liter
cubic meter
liter per second
liter per second per

meter
millirreter
centirreter
kilaneter
square kilometer

Chemical concentration and water temperature are given only in rretric
units. Chemical concentration is given in milligrams per liter (mg/L) or
micrograms per liter (~g/L). Milligrams per liter is a unit expressing the
ooncentration of chemical oonstituents in solution as weight (milligrams) of
solute per unit volurre (liter of water). One thousand micrograms per liter is
equivalent to 1 milligram per liter. For concentrations less than 7,000
milligrams per liter, the numerical value is about the same as for
ooncentrations in parts per million.

Chemical concentration in terms of ionic interacting values is given in
milliequivalents per liter. Milliequivalents per liter is numerically equal
to equivalents per million.

Radioactivity is measured in picocuries per liter (pCi/L), or one
trillionth of a curie per liter. One picocurie is equal to 3.7 X 10-2

disintegrations per seoond.

Water temperature is given in degrees Celsius (OC), which can be
oonverted to degrees Fahrenheit (OF) by the foll~ing equation:

OF = 1.8 (OC) + 32

sea level: In this reJ:X)rt, "sea level" refers to the National Geodetic
Vertical DatLBll of 1929 (N;VD of 1929)--a geodetic datum derived fran a general
adjustrrent of the first order level nets of both the United States and Canada,
formerly called "Sea Level DatLBll of 1929."

vi



GRXJND-WATER CDNDITIONS IN 'lEE GRAND CXXJNl'Y AREA, UTAH,

WITH EMPHASIS ON 'lEE MIIL CREEK-SPANISH VAI..IEY AREA

By Paul J. Blanchard

'!he Grand County area includes all of Grand County, the Mill Creek and
Pack Creek drainages in San Juan County, and the area between the Colorado and
Green Rivers in San Juan County. '!he Grand County area includes about 3,980
square miles, and the Mill Creek-Spanish Valley area includes about 44 square
miles. '!he three principal oonsolidated-rock aquifers in the Grand County
area are the Entrada, Navajo, and Wingate aquifers in the Entrada sandstone,
the Navajo Sandstone, and the Wingate Sandstone, and the principal
consolidated-rock aquifer in the Mill Creek-Spanish Valley area is the Glen
canyon aquifer in the Glen Canyon Group, canprised of the Navajo Sandstone,
the Kayenta Formation, and the Wingate sandstone.

Recharge to the Entrada, Navajo, and Glen Canyon aquifers typically
occurs where the forrrations rontaining the aquifers crcp out or are overlain
by unconsolidated sand dep::>sits. Recharge is enhanced where the sand dep:>sits
are saturated at a depth of rrore than about 6 feet belo.v the land surface, and
the effects of evap:>ration begin to decrease rapidly with depth. Recharge to
the Wingate aquifer typically occurs by d<JWIlWard noverrent of water fran the
Navajo aquifer through the Kayenta Forrration, and primarily occurs where the
Navajo sandstone, Kayenta Formation, and the Wingate sandstone are fractured.

'!he principal area of discharge fran the Glen canyon aquifer in the Mill
Creek-Spanish 'lalley area occurs in and near the City of Moab well field, near
the oortheast canyon wall of Spanish Valley. Discharge from one well in the
well field is reportedly as large as 2,000 gallons per minute, and discharge
fran one spring near the well field is reportedly as large as 390 gallons per
minute.

Discharge fram springs issuing from the Entrada, Navajo, and Wingate
aquifers typically is less than about 10 gallons per minute, and discharge
fram wells canpleted in these aquifers ranges fram 5 to 30 gallons per minute.
In the Mill Creek-Spanish Valley area, discharge from springs issuing fram the
Glen Canyon aquifer ranges from 15 to 390 gallons per minute, and discharge
from wells completed in the Glen canyon aquifer ranges fram less than 10 to
nore than 1,000 gallons per minute. The larger discharge rates occur where
the formations in the Glen Canyon Group are fractured and faulted.

water levels in the Glen Canyon aquifer declined from the early 1960 I s
to about 1979, and rose as much as 39.5 feet from 1979 to 1987. The larger
than-normal amount of precipitation beginning in 1977 probably is a
substantial factor in the rising water levels.

water-quality characteristics typical of water in the Entrada, Navajo,
Wingate, and Glen canyon aquifers are: (1) Concentrations of dissolved solids
are less than about 220 rrcilligrams per liter; (2) the water type is calcium
bicarbonate or calcium rragnesium bicarbonate; and (3) the water is rroderately
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hard to hard. In the Mill Creek-Spanish Valley area, concentrations of
dissolved solids and sulfate increase west and south of the City of Moab well
field because an increasingly larger proportion of the ground water carnes fram
other sources to the southeast, farther up Spanish Valley, and a smaller
proportion canes from the Glen Canyon aquifer. Concentrations of dissolved
solids in the Navajo aquifer also are higher along the Moab fault.

other consolidated-rock aquifers investigated were in the cedar M:>untain
Formation, the Brushy Basin Shale and Salt Wash Sandstone Members of the
M:>rr ison Fornation, the undifferentiated Cutler Fonnation, and the White Rim
Sandstone Member of the Cutler Fonnation. Concentrations of dissolved solids
ranged from 270 milligrams per liter in water from the White Rim Sandstone
Member in Canyonlands National Park to 3,450 milligrams per liter in water
fran the undifferentiated Cutler Fornation in Castle Valley. Water from the
undifferentiated Cutler Formation in Castle Valley also had the largest
concentration of selenium, 30 micrograms per liter, which is three times the
State of Utah prbnary drinking-water standard of 10 micrograms per liter.

INrnOOOCI'ION

The temperate climate and appealing scenery in the Grand County area
have attracted growing numbers of people, creating increased demands for
ground water in the area. Federal, State, and local water managers, water
users, and other interested parties need information about the availability
and quality of ground water in consolidated-rock aquifers of the Grand County
area in order to plan for future develcprent of ground-water resources. In
order to provide the interested parties with current (1987) infonnation on
ground-water quantity and quality in the consolidated-rock aquifers, a study
was conducted by the u.S. Geological Survey in cooperation with the Utah
Department of Natural Resources, Division of Water Rights.

The area investigated includes all of Grand County, the Mill Creek and
Pack Creek drainages in San Juan County, and the area between the Colorado and
Green Rivers in San Juan County and will be referred to as the Grand County
area in this report. '!he Mill Creek-Spanish Valley area includes parts of the
Mill Creek and Pack Creek drainages (fig. 1). '!he Grand County area includes
about 3,980 square miles, including about 300 square miles in San Juan County.
Altitudes in the Grand County area range fran about 3,900 feet above sea level
where the Green River enters the Colorado River to 12,646 feet above sea level
at the summi t of Mt. Mellenthin in the La Sal Mountains. The Mill Creek
Spanish Valley area includes about 44 square miles.

Purpc:se and SCcpe

This report presents results of a reconnaissance of ground-water
conditions in the bedrock aquifers of Grand County and snaIl parts of San Juan
County, Utah, with emphasis on ground-water conditions in the Entrada
Sandstone, the Navajo Sandstone, and the Wingate Sandstone of the Glen Canyon
Group. Ground-water conditions in the Navajo Sandstone, the Kayenta
Formation, and the Wingate Sandstone of the Glen Canyon Group in the Mill
Creek-Spanish Valley area near Moab, Utah, were investigated in more detail
because this area is where roc>st ground-water develc:.ptent is expected to occur.
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Figure 1.-- Location of the Grand County and Mill Creek-Spanish Valley areas.
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Field work was conducted from April 1985 through October 1986, and
consisted of an inventory of wells and springs in the area, monthly
rreasurements of water levels in wells in the Mill Creek-Spanish Valley area, a
streamflow gain-loss study in the Mill Creek and the North Fork Mill Creek
drainages, and an 8-day, multiple-well aquifer test in the City of Moab well
field. '!he inventory of wells and springs included water-level measurements
at wells, and discharge rneasurerrents, on-site water-quality measurerrents, and
water-sample collection at wells and springs. The inventoried sites are shown
on plate 1. Chemical analyses of water samples were made by the National
water-Q.tality Laboratory of the U.S. Geological Survey in Denver, Colorado.

Previous Investigations

Several hydrologic studies have been conducted in the Grand County area.
Surnsion (1971) studied the geology and water resources of the Spanish Valley
area, and Eychaner (1977) develored a digital model of the same area, using
data from Sumsion (1971). Both studies primarily addressed the water
resources of unconsolidated Quaternary deposits. Two studies addressed
aquifer characteristics at specific wells drilled for the U.S. Department of
Energy (Rush and others, 1980; Wollitz and others, 1982). Three studies
addressed the regional hydrology of parts of the Paradox Basin (Rush and
others, 1982; weir, Maxfield, and Hart, 1983; weir, Maxfield, and Zimmerman,
1983) • Parts of each of the areas aQjressed are in the Grand County area.

General Description of the Grand County Area

'!he Grand County area oontains known aoo potential reserves of oil, gas,
ooal, and uranium. Uranium has been mined and processed intermittently in the
area since the 1950's, and continual exploration for oil, ooal, and gas is
occurring. Potash is presently solution-mined, and further development of
potash reserves is anticipated. Further develOfllEnt of any of these resources
would require additional develOfllEnt of water resources.

The Grand County area is a center for recreation. National Parks, a
National Recreation Area, U.S. National Fbrest c:aIrlWrounds, and U.S. Bureau of
Land Management campgrounds and primitive areas are in and near the study
area. The City of Moab is a center for accommodations for tourists, and
further development of tour ism will require aQjitional developnent of water
resources.

The climate of most of the Grand County area is dry acoording to the
classification of Trewartha (1968, p. 248-250), with annual potential
evaporation exceeding annual precipitation. A highlaoo clinate (Trewartha,
1968, p. 358-369) occurs at higher altitudes in the La Sal Mountains and in
the Book Cliffs. At Monticello, about 40 miles south of the Grand County
area, the altitude is about 7,000 feet above sea level, and the mean annual
temperature is 46.0 OF. The mean annual temperature at Monticello is
representative of similar altitudes in the Grand County area. At Moab, the
altitude is about 4,000 feet above sea level, and the mean annual temperature
is 56.6 OF. The mean annual temperature of the plateaus in the Grand County
area is between that at Monticello and that at M::lab, depending on altitude.
Two formation classes of vegetation in the Grand County area are "semidesert"
in the canyons and on the plateaus, and "needleleaf forest" at higher
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alti tudes in the La sal f.buntains and in the Book Cliffs (Strahler, 1970, p.
235-240) .

f.bst of the land in the Grand County area is administered by the Federal
goverl1IIent. Arches National Park, canyonlands National Park, and the Glen
canyon National Recreation Area are administered by the National Park service,
and the Manti-La Sal National Forest is administered by the U.S. Forest
Service. The extreme northwestern p:irt of the Grand County area is part of
the Uintah and Ouray Indian Reservation. '!he remainder of the Federally owned
land is administered by the u.s. Bureau of Lam Management. M::>st of the lam
in Spanish Valley is privately owned, and there are small private land
holdings throughout the Grand County area within the Federally owned land
administered by the U.S. Bureau of Land Managerrent.

Population of the Grand County area presently (1987) is about 8,000
persons and, therefore, the average p:>p.1lation density is about two persons
per square mile. Most of the p:>p.1lation is ooncentrated in the M::xID-Sp:inish
Valley area. AI::o.1t 5,000 people live in Moab and aboot 2,000 people live in
the unincorporated part of Spanish Valley. several hundred people live in
castle Valley. Q11y about 300 PeOple live northwest of the Coloracb River.

Numbering s¥stem for HydrogeologiC-Data Sites

The system of numbering wells and springs in Utah is based on the
cadastral land-survey system of the U.s. Goverl1IIent. The number, in addition
to designating the well, spring, or other site, describes its p:>sition on the
land net. In the land-survey system, the State is divided into four quadrants
by the Salt Lake Base Line am Meridian, and these quadrants are designated by
the upper-case letters A, B, C, and 0, indicating, respectively, the
northeast, northwest, southwest, and southeast quadrants. Numbers
designating, respectively, the township and range follow the quadrant letter,
and all three are enclosed in p:irentheses. For half tCMnships or ranges the
letter "T" or "R", respectively, precedes the parentheses. '!he nunt>er after
the parentheses indicates the section and is followed by three letters
indicating the quarter section, the quarter-quarter section, and the quarter
quarter-quarter section--generally 10 acres l • The letters a, b, c, and d
indicate, respectively, the northeast, northwest, southwest, and southeast
quarters of each subdivision. The number after the letters is the serial
number of the well or spring within the lO-acre tract; the letter "s"
preceding the serial number denotes a spring. If a well or spr ing cannot be
located within a lO-acre tract, one or t\\O location letters are used and the
serial number is omitted. Thus (O-26-22)22aab-l designates the first
well constructed or visited in the N'l~ NE~ NE~ sec. 22, T. 26 S., R. 22 E.,
and (O-27-19)22bbc-Sl designates the first spring inventoried in the
SW~ NW~ NW~ sec. 22, T. 27 S., R. 19 E. The numbering system without serial
numbers is used to show the location of data sites other than wells and
springs. '!he numbering system is illustrated in figure 2.

lAlthough the basic land unit, the section, is theoretically 1 square
mile, many sections are irregular. Such sections are subdivided into lO-acre
tracts, generally beginning at the southeast corner, and the surplus or
shortage is taken up in the tracts along the north and west sides of the
section.
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Locally, there may be some inconsistency between locations based on
geographic features and those based on the land-survey system because of the
small scale of some maps used in this report. Where such inconsistency
exists, data sites have been plotted with reference to the local geograP1Y,
resulting in awarent mislocation with reference to the lam-survey systan.

Terms Describing ~ifer Characteristics am Water Quality

'!he hydraulic conductivity (K) of a water-bearing naterial is the volLlIle
of water that will move through a unit cross section of the naterial in unit
tine under a unit hydraulic gradient (Lohman, 1979, p. 6). The units for K
are cubic feet per day per square foot, which reduces to feet per day (ft/d).

Transmissivity (T) is the rate at which water is transmitted through a
uni t width of the aquifer under a unit hydraulic gradient (Lohman, 1979, p.
6). The units for T are cubic feet per day per foot, which reduces to feet
squared per day (fe/d).

Specific capacity is a measure of the productivity of a well and is
calculated by dividing the pumping rat-e of the well by the dravrloon in the
well. The units for specific capacity are gallons per minute per foot of
drawdown [(gal/min)/ft].

In this rep:>rt, chanical classification of water is according to the
system of Davis and DeWiest (1966, p. 119). In the system, only ions present
in quantities greater than 20 percent of the total milliequivalents per liter
of cations or anions are used to name the water type. An ion present in
quantities greater than 60 percent of the total milliequivalents of cations or
anions is used alone to name the cation or anion t~. In mixed water types,
ions present in quantities greater than 20 percent, but less than 60 percent,
of the total milliequivalents of cations or anions present are listed in
descending order of concentration. For example, for the sample collected fran
well (D-25-21)20add-2 on August 19, 1986 (table 9), 38 percent of the total
cation milliequivalents was sodium, 36 percent was calcium, and 24 percent was
nagnesium. Forty-one percent of the total anion milliequivalents was sulfate,
36 percent was bicarbonate, and 23 percent was chloride. '!his water sample is
classified as a sodium calcium magnesium sulfate bicarbonate chloride type.

Classification of water in terms of concentration of dissolved solids is
as described by Robinove am others (1958):

Classification Concentration
(milligrams per liter)

Fresh I.ess than 1,000
Slightly saline.....••..•••....•..••.•l, 000-3, 000
Moderately saline .•..•......••••••••• 3,OOO-10,OOO
Very saline •..•••.•...•••••••••••••.10, 000-35, 000
Briny let:>re than 35,000
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Classification of water in terms of hardness is as described by Durfor
and Becker (1964, p. 27):

Class ification Range of hardness
(milligrams per liter)

Sof t 0-60
Moderately hard ...•...•••••.••.•••.•••••••• 61-120
11ard 121-180
Very hard ....•.....•..........••••..More than 180
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GEDU:X;IC SEITm:;

The Grand County area is part of the Colorado Plateaus physiographic
province (Fenneman, 1931, p. 274-325). Parts of tYX> sections of the province
are included in the Grand County area: The Uinta Basin section is north of
the B;x>k Cliffs and the Canyon Lands section is south of the Book Cliffs.
According to Fenneman, the Colorado Plateaus physiographic province generally
oonsists of nearly flat-lying sed.inentary strata that have been deeply incised
by streams and interrupted by generally north-south trending monoclines,
synclines, anticlines, and elongate structural danes and basins. Extrusive
and intrusive igneous features are widely scattered throughout the province.

Strata in the Grand County area generally dip gently to the north and
northwest, typically at less than 10 degrees. Consequently, oontinuously
younger strata crop out in a generally northerly direction (pI. 2). Rocks of
Permian age crop out in canyonlands National Park and rocks of Tertiary age
crop out north of the Book Cliffs. The general decrease in altitude in a
northerly direction of a particular stratigraphic horizon is illustrated in
figure 3, which shows the altitudes of the top of the Entrada Sandstone and
the base of the wingate Sandstone for selected parts of the Grand County area.
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The principal structural feature in the Grand County area is a series of
northwest-trending salt anticlines, described by Weir, Maxfield, and Hart
(1983) as "elongated wrinkles" (pI. 2). A series of synclines alternates with
and generally parallels the salt anticlines. Areas where strata dip more than
10 degrees are located near the Salt Valley anticline, the Elephant Butte
folds, and Spanish Valley (pI. 2). In the canyon walls which bound Spanish
Valley, strata dip as much as 26 degrees near the southern end of the
Courthouse syncline and near the Spanish Valley syncline.

Porphyritic intrusive igneous rocks of Tertiary age form the cores of
the La Sal Mountains. The intrusions have caused darning of the otherwise
gently dipping strata, and the dip of the strata on the flanks of the
rrountains is in sorre places as much as 80 degrees (pl. 2).

The age of consolidated sedimentary rocks exposed in the study area
ranges from Pennsylvanian to Tertiary (pl. 2). Location of outcrops and brief
descriptions of the geologic and hydrologic characteristics of the exposed
geologic units are described in table 1.

The oldest exposed consolidated sedimentary-rock unit in the Grand
County area is the Paradox Member of the Hermosa Formation of Pennsylvanian
age. It is expJsed in small areas of Sal t Valley, Moab Valley, and in the
Onion Creek drainage (pI. 2). The youngest exp::>sed sediIrentary-rock unit is
the Parachute Creek Member of the Green River Formation of Tertiary age. It
is extensively exposed north of the B:>ok Cliffs. Igneous rocks of Precambrian
age are exposed near the Colorado River in the eastern part of the Grand
County area, and igneous rocks of Tertiary age are exposed in the La Sal
fuuntains.

The principal formations investigated in this repJrt are, fran oldest to
youngest, the Wingate sandstone of Triassic age, the Kayenta Formation of
Triassic(?) age, the Navajo Sandstone of Triassi.c(?) and Jurassic age, and the
Entrada sandstone of Jurassic age. The Wingate sandstone, the Kayenta
Formation, and the Navajo Sandstone form the Glen Canyon Group. Typical
outcrops of the Wingate, Kayenta, and Navajo are shown in figure 4, and
typical outcrops of the Navajo and the Dewey Bridge, Slick Rock, and Moab
Sandstone Members of the Entrada sandstone are shown in figure 5.

The Wingate Sandstone is a massive, fine-grained, thickly crossbedded,
eolian sandstone (fig. 4). It erodes to vertical cliffs, which are commonly
coated with a dusky-red desert varnish. Thickness of the Wingate ranges fran
about 300 to 400 feet.

The Kayenta Formation is an irregularly interbedded fluvial fine- to
coarse-grained sandstone, siltstone, and shale (fig. 4). Thin beds of shale
pellet conglomerate and freshwater limestone locally are present. The
sandstone facies predaninate. In rrany places there is a prominent siltstone
bed near the top of the formation, which locally perches water in the
overlying parts of the Kayenta Formation and the Navajo Sandstone. The
Kayenta erodes to cliffs and benches, and caps rrany mesas and narrow benches.
Thickness of the Kayenta is about 240 feet in the western part of the Grand
County area and decreases to nearly zero in the eastern part of the area.
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Table l.--Description of geologic units exposed in the Grand County area

[Geologic characteristics lOOdified fron Stokes (1964), Willi(lT1s (1964), and Cashion (1973)]

Geologic unit Principal outcrop locations Geologic characteristics ~drologic characteristics
(plate 2)

Relatively younger Southwest and southeast of the sand, silt, and gravel. Yields freshwater to wells in
alluvial deposits: Pook Cliffs, in Tel111ile Can- Spanish Valley and Castle
primarily along yon, along the Green River Valley.
act ive streams upstream frun the City of

Green River, in Spanish and
Castle Valleys near the Col-
orado River.

Gravel surfaces Intennittent throughout Mainly terraces and pediments Recharge medium.
southern half of Grand undergoing erosion. M&y
County area. not be associated with

active stre(lT1s.

Glaciated ground and Small areas on flanks of La Includes bare rock and Not known to yield water.
moraines, undiffer- sal Iobuntains. moraines of all types.
entiated

Covering deposits Intenni ttent thro~hout O1ief1y windblown si lt lack- Valley fill yields freshwater
southern half of rand ing dune fOml. Includes Sale to wells in Spanish Valley and
County area. patches of soil and alluvium. castle Valley. In Spanish

Underlain by thick valley Valley, dissolved-solids con-
fill in Spanish Valley and centrations ra~e fran about
Castle Valley. 700 to 900 milllgr(lT1s per liter.

Tertiary and Quater- Castle Valley. Conglanerate. May yield small amounts of water
nary deposits or of unkruwn quality to springs.
surfaces, un-
differentiated

Tertiary porphyritic Southeastern part of Grand Diorite porp~ry. Not known to yield water.
intrusive rocks County area.

Green River Formation Northern part of Grand County O1ief1y marl stone and oil Yields freshwater to springs,
Paracrute Creel< area. shale, with sane sandstone, fran less than 1 to about 20
Me!tJer siltstone, and tuff. gallons per minute.

WasatCh Formation do. Olief1y amtinental deposits, Known to yield freshwater to one
ranging fran coarse conglan- spring, about 30 gallons per
erate to fine claystone. minute.

North fbrn Formation Northwestern part of Grand Fluvial sandstone, variegated Not known to yield water.
County area. shale, and some conglomerate.

Tuscher Formation Southwestern part of the Book Conglaneratic, fluvial sand- Do.
Cl iffs. stone.

Mesaverde Group Southern and southeastern part Mixed sandstone, shale, and Do.
of the Book Cl iffs . coal beds.
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Table l.--Description of geolCX]ic units exposed in the
Grand County area-eontinued

GeologiC unit Principal outcrop locations Geologic characteristics Hydrologic characteristics
(plate 2)

Price River Formation Southv.estern part of the Book Interbedded sandstone and Not known to yield water.
Cliffs. ITlJdstone.

Cast1egate Sandstone Band along margin of the Book Cliff-forming, deltaic sand- Do.
Cliffs. stone.

Blackhawk Formation Band along southern am Sandstone, mudstone, shale, Known to yield freshwater to
southwestern margin of the and coal. one spring, about 18 gallons
Book Cl iffs. per mi rute.

Mancos Shale South, southwest, and south- Gray to black marine shale Not known to yield water.
I east of the Book Cliffs. with thin sandstone beds at

various horizons.

Ferron Samstone In a band southwest, south, Fine-grained, thin-bedded Do.
Ment>er and southeast of the Book samstone and sandy shale

Cl iffs. near base of Mancos Shale.

Tununk Shale Ment>er do. Gray marine siltstone and Do.
claystone.

Dakota Sandstone East-west treming bam about Sandstone and cO"':llareratic Do.
10 mi 1es south of the Book sandstone with interbedded
Cliffs. carbonaceous shale.

Burro Canyon Formation Southeast part of Gram County Fine- to coarse-grained sand- Do.
area, east of the Coloracb stone interbedded with silt-
River only. stone, shale, mudstone, and

impure limestone.

Cedar Iobuntain East-west tremini bam about Nodular shale with fluvial Occasionally yields fresh to
Fonnation 10 miles south 0 the Book sandstone beds. slightly saline water to seeps.

Cliffs, west of the Colorado
River only.

Morrison Fonnation East-v.est treming bam about
10 miles south of the Book
Cliffs; eastern part of area
just north of the Coloracb
River; southeastern part of
area.

Brushy Basin Shale I Bentonitic mudstone and silt- Known to yield slightly saline
Ment>er stone with a few lenses of water, less than 1 9allon per

fluvial sandstone, limestone, mi rute, to one fl (J;(l ng we11.
and conglomerate.

Salt Wash Sandstone Interbedded fluvial sandstone Yields water of unkrown quality
Ment>er and fluvial ITlJdstone, with to seeps am small springs in

thin 1imestone lenses near outcrop area; yields slightly
base. saline water to one spring on

South Mesa.
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Table l.--Description of geologic units exposed in the
Grand County area-continued

Geologic unit

Summerville Formation

Principal outcrop locatioos
(plate 2)

SnfIll areas in central and
east-centra1 part of Grand
County area.

Geologic characteristics

Sandstone, sandy shale, silt
stone, and nudstone.

Hydrologic characteristics

Not known to yield water; is a
confining unit.

Entrada Sardstooe Soothern half of Grand County
area.

Moab Sandstone MenDer Medillll-grained, massive,
crossbe<iled sandstone.

Slick Rock Menter MedilJll-grained, massive,
crossbe<iled, eo1ian
sandstone.

lJ&'ey Bridje fIt:nt>er Fine-grained sandstone ard
siltstone.

Entrada aquifer.

Recharge oCQJrs, especially where
fractured.

Principal water-yielding sardstooe
of the Entrada aquifer. Yields
freshwater, generally less than
5 gall oos per mi nute, to seeps
and springs throughout its
outcrop area.

Confining unit. Substantially
less transmissive than overlying
Slick Rock Member.

Carmel Fonnatioo

Navajo Sandstone

Kayenta Formation

Wi ngate Sandstooe

Sooth of the City of Green
River.

Soothern half of Grand County
area.

do.

Intermittent areas in south
ern half of Grand County
area.

Mari ne gypsum, 1imestone,
shale, and calcareous sand
stone.

Fine-gra ined, crossbedded
eolian sandstone with prani
nent vertical joints in most
outcrops. Limestone hori zons
near top of fonnatioo.

Interbedded shale, siltstone.
and fine- to coarse-grained
sandstone.

Fine-grained. massive cross
bedded. eolian sandstone.
Foms vertical cliffs in most
exposures.
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Not known to yield water.

Navajo aquifer. Recharge occurs
where ootcrops are fractured or
jointed, or where formation is
mantled by uncoosolidated
deposits. Yields freshwater to
seeps, springs, and wells.
Spring discharge ranges fram
1ess than 5 to more than 300
gallons per minute. Well dis
charge is as nuch as 2.000
gallons per minute.

Less permeable than the overlying
Navajo Sandstone ard the urderly
ing Wingate Sandstooe. Generally
functioos as a confining unit.
Is more permeable in the Mill
Creek-Spanish Valley area and,
aloog with the Navajo Sandstone
and the Wingate Sardstooe, foms
the Glen Canyon aquifer.

Wingate aquifer. Yields fresh
water to seeps and springs in
the Moab Valley-Colorado River
area.



Table l.--Description of geologic units exposed in the
Grand County area-eontinued

Geologic unit Principal outcrop locations Geologic characteristics Hydrologic characteristics
(plate 2)

Chinle Formation South and southeastern parts Terrestrial sedimentary rocks. Confinil'Y:l unit.
of Grand County area. siltstone interbedded with

sandstone and shale.

Moss Back Member Canyonlands National Park. calcareous fluvial sandstone. Not known to yield water.
grit. and mudstone.

Moenkopi Formation Sooth and southeastern part of Sha1e. sandy IIlJdstone, sand- Confining unit.
Grand County area. stone, conglcrnerate, and

locally, gypsum beds.

Cutler Formation South and southeastern part Mostly fluvial arkose and Yields water to wells on south-
of Grand County area. arkosic conglomerate. western side of Castle Valley.

White Rim Sandstone Canyonlands National Park. ~dilJll- to coarse-grained, Yields SlifhtlYsaline water to
to'att>er crossbe<tled eo1ian sandstone. wells in aylor canyon; yields

freshwater to seeps along mar-
gin of outcrop.

Cedar Mesa Sandstone Near confluence of Green and Fine-grained, thickly cross- May be an aqJifer, wt rot known
toeTtler Colorado Rivers. bedded, eolian sandstone. to yield water in study area.

Rico Formation do. Fine- to medium-grained, Do.
crossbe<tled, fluvial sand-
stone; cherty, mari ne 1ime-
stone, and micaceous shale.

Hermosa Formation In canyon of Colorado R-jver in Limestone. siltstone, arkose, Do.
rurtheast part of Canyonlands and conglomerate.
National Park; Moab Valley
near Colorado River.

Paradox Menber Salt Valley; lJ1ion Creek Salt, gypsum, anhydrite, Yields moderately saline to very
drainage; Moab Valley near shale, sandstone, and saline water to wells in Salt
Colorado River. 1imestone. Valley and very saline water to

one spring in lJ1ion Creek
drainage.

Precambrian crystal- Eastern part of Grand County Crystalline rocks. May yield water to springs where
line rocks area near Colorado River. fractured.
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Figure 4.--0utcrop of the Navajo Sandstone (Jna), Kayenta
Formation (J"R kl, and Wingate Sandstone ("R wi), at
location (0-25-21 )26b.

Figure 5.--0utcrop of the Moab Sandstone (Jem), Slick Rock (Jesl,
and Dewey Bridge (Jed) Members of the Entrada Sandstone, and
the Navajo Sandstone (Jna), at location (D-25-20)5b.
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The Navajo Sandstone is a massive, fine-grained, thickly cr06sbedded,
eolian sandstone (fig. 4). '!he Navajo is dlaracterized by large-scale, high
angle crossbedding in sets generally fran 20 to 50 feet thick, am it erodes
to massive cliffs and domes alternating with depressions (fig. 5). Thickness
of the Navajo is about 400 feet in the western part of the Gram Coonty area
and decreases to the east. '!he Navajo is absent in the extreme eastern part
of the area.

'!he Elltrada samstone is divided into three rrerrbers: The Dewey Bridge
Member, the Slick Rock Member, and the~ Sandstone Manber (fig. 5). The
Dewey Bridge Manber is caIqX)sed of siltstone am fine-grained samstone. The
Slick Rock. Manber is a massive, rredilJ[[l-1Jrained, cr06sbedded, eolian saoostone.
'!he M:)ab Sandstone Manber is a single cr06sbed set of rredium-grained, massive,
sandstone at the top of the formation. Thickness of the Elltrada saoostone is
as much as 550 feet in the western part of the area and decreases to the east.

HYI:RCl.(GIC SErI'IN;

Precipitation

Average annual precipitation in the Grand County area generally
increases with altitude and ranges from less than 6 inches along the Green
River near the city of Green River to more than 30 inches in the La sal
~untains (pI. 1). Average May through septanber precipitation also generally
increases with altitude and ranges from less than 3 inches along the Green
River to roore than 10 inches in the La Sal lJbuntains (pI. 1). Average annual
precipitation on the Book Cliffs ranges from about 10 to aboot 20 inches.
Between the Book Cliffs and the Colorado River, average annual precipitation
is generally less than 8 inches, and it increases nearly uniformly fran about
8 indles at the Colorado River to about 20 inches at the base of the La sal
~untains.

Sumner precipitation usually is in the form of thumerstorm3, which are
localized, intense, and short-lived. '!here is little tirre for precipitation
fran such stOrm3 to infiltrate the rocks am recharge the groom-water system,
and roost of the precipitation becanes evap:>transpiration or runoff. Winter
precipitation is less localized, less intense, and of longer duration. At
higher altitudes it usually is in the form of Sl'X)W. '!he gradual melting of
the snow allows roore time for precipitation to infiltrate the rocks and
recharge the ground-water systan, especially at higher altitudes dur ing spring
melting of the winter snowpack. The rate of evap:>transpiration also is much
smaller during winter and spring.

Except in the La Sal Mountains, May-septanber precipitation consti tutes
aboot four-tenths of the annual precipitation. In the La sal ~untains, above
aboot 10,000 feet, May-Septenber precipitation constitutes about one-third of
the annual precipitation.

'!he variation in annual precipitation at the Moab airport for 1951-86 is
shown in figure 6. In figure 6, a horizontal line segrrent would iooicate 00
d"lange in departure fran the average annual precipitation, aoo therefore would
indicate precipitation of 8 inches. A downward-trending line segment
indicates a tirre period when precipitation was less than 8 inches, and an
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upward-trending line segment indicates a period when precipitation was more
than 8 inches. 'Ihe general downward trend in figure 6 from 1951 to 1971 shows
that precipitation generally was less than 8 inches per year for that period,
and the general upward trend from 1971 to 1986 shows that precipitation
generally W"dS rrore than 8 inches per year for that period.

Surface Water

Three major, perennial stream:; flow within or along the borders of the
Grand County area: The Dolores River, the Green River, and the Colorado
River. The rblores and the Green Rivers are tributary to the Colorado River.

North of the Book Cliffs, in the Uinta Basin section of the Colorado
Plateaus physiographic province, runoff generally is to the north and drains
into the Green River. South of the Pool< Cliffs, in the Canyon Lands section
of the Colorado Plateaus physiographic province, surface water drains to the
Colorado River and, in the western part of the area, to the Green River.
Water that runs off of the La Sal M::>unta.ins to the north and east drains into
the Iblores Rive r .

Active and discontinued U.s. Geological Survey streamflow-gaging
stations are shCMTl on plate 1, and a swrrnary of data oollected at both active
and discontinued stations is presented in table 2. Mill Creek and Pack Creek,
both near Moab, and Cottonwood Wash near 1-70 are the only other streams
besides the Dolores, Green, and Colorado Rivers that do not have recorded
periods of no flCM.

Ground Water

At several locations water was observed discharging from Quaternary
unconsolidated deposits; however, the quantity and quality of water
discharging from these deposits was not investigated during this study. In
two areas, water from the unoonsolidated deposits is used extensively. There
are drillers' reports on file with the State Engineer's Office for about 100
wells completed in Quaternary unoonsolidated deposits in the Castle Valley
area, and Sumsion (1971) reported records of about 200 wells completed in
O,laternary unconsolidated de];X)sits in the Spanish Valley area. 'The dissolved
solids concentration of samples collected from 9 wells ranged from 169 to
1,020 «g!L (Sumsion, 1971). Other unconsolidated O,laternary deposits that can
be recharged by the large precipitation associated with the La sal Mountains
may also contain usable quanti ties of ground water.

Rush and others (1982), Weir, Maxfield, and Hart (1983), and Weir,
Maxfield, and Zimmerman (1983) have divided the stratigraphic section in the
Grand County area into two ground-water systems: The "upper ground-water
systan", which includes all stratigraphic units above the Paradox Member of
the Hermosa Fonnation, and the "lower ground-water system", which includes all
stratigraphic units below the Paradox 1-Bnber. The ufPer ground-water system
is the main focus of this re];X)rt.
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Table 2.-5elected streamflow data from the Grand County area

[From published records of the U.S. Geological Survey. Abbreviations: mi', square
miles; ftJ/s. cubic feet per secoro; acre-ft/yr, acre-feet per year; --, ro data]

Station Station narre Drainage Period of record Average discharge Discharge extremes
nlJ1t>er area Maximum Mlnlmum

(plate 1) (mi l) ft3/S acre-ft/yr years fP/s date ftj/s date

09315000 Green River at 44.850 Oct. Iffi4-tXt. 1899 6,391 4.630.000 Eli 68,100 6/27/17 255 11/26/31
Green River Oct. 1904-present

09316100 Floy Wash near 56.6 Apr. 1~3-present .94 678 2 2,170 7/29/85 (1)
Green River

09163675 Cottoowood Wash 170 Apr. 1973-Sept. 19E1i 6.16 4.460 3 541 8/29/ffi 0.3 7/19/85
near 1-70

09180000 [X)lores River 4.580 Oct. 1950-present 835 605.000 35 170400 4/21/r:f3 3.4 9/23/56
09180500 Colorado River 24,100 Jan. 1895-present 7,724 5,596,000 74 76.800 6/19/17 558 7/21/34

near Cisco
09181500 Rock (Professor) July 1950-Sept. 1953 2.11 1.530 3 3,330 8/29/51 (1)

Creek near t-bab
09182000 Castle Creek 7.6 July 1950-Sept. 1955 1.16 840 23 27 8/11/67 (1)

above diversions Apr. 1957-Sept. 1975
09182500 Castle Creek 53.1 July 1950-Sept. 1955 5.25 3.800 6 11,000 8/13/54 ( ')

near Moab May 1957-Sept. 19r:f3
09182900 Courthouse Wash 143 Oct. 1958-JJly 1966 1.47 1,060 7 4,530 9/09/61 (1 )

at Arches high-
way crossing

8/05/5709183000 Courthouse Wash 162 Oct. 1949-Sept. 1955 1.86 1,350 25 12.300 (1)
near Moab Apr. 1957-Sept. 1957

July 1966-present
204 8/30/57 (1)09183500 Mi 11 Creek near 27.4 Oct. 1954-Sept. 1959 11.4 8.250 5

Sheley tunnel
l.l 5,110 8/21/53 0.2 2/15/540918400J Mi 11 Creek near 74.9 July 1949-Sept. 1971 14.3 10,360

Moab Oct. 1972-present
09184500 Pack Creek at 15.8 Oct. 1954-Sept. 1959 2.54 1.840 5 1,200 7/26/55 0.3 9/02/56

M-4 Ranch 9/04/56
09185000 Pack Creek near 57 Oct. 1954-Sept. 1959 4.02 2,910 5 510 10/08/54 0.7 8/27/56

Moab

(1) No flew at tines.

In this report, the upper ground-water system is divided into four
hydro1og ic uni ts: The Parachute Creek aquifer; the uJ;:Per confining unit in
Tertiary and Cretaceous rocks; the sandstone aquifers in Mesozoic rocks; and
the lower oonfining unit in Mesozoic and Ufper Paleozoic rocks. The Parachute
Creek aquifer oonsists of the Parachute Creek Formation. 'Ihe upper conf ining
uni t in Tertiary and Cretaceous rocks includes the stratigraphic section fran
the top of the Wasatch Formation to the bottom of the Mancos Shale. The
sandstone aquifers in Mesozoic rocks include the stratigraphic section fran
the top of the Dakota sandstone to the bottom of the Wingate sandstone. The
Entrada, Navajo, Wingate, and Glen Canyon aquifers are included in this unit.
'!he lower oonfining unit in Mesozoic am UJ:per Paleozoic rocks includes the
stratigraphic section fran the top of the Q1inle Fonnation to the top of the
Paracbx Member of the Hennosa Formation. 'Ihe latter three units are analogous
to the "Tertiary and Cretaceous confining beds", "MeSOZOic sandstone aquifer",
and "Mesozoic and Upper Paleozoic oonfining beds" of Rush and others (1982),
Weir, Maxfield, and Hart (1983), and Weir, Maxfield, and Zbnmennan (1983).
'Ihe hydrologic units used in this repxt and the geologic units they contain
are shCMIl in table 3.
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Table 3.--eorrelation of geolC'}ic units and hydrologic units
in the upper ground-water system

Hydrologic units

Parachute Creek
aquifer

UI;per confining unit in
Tertiary and Cretaceous
rocks

sandstone aquifers in
Mesozoic rocks

Entrada aquifer

Navajo aquifer
Glen canyon aquifer

Wingate aquifer

Lower confining unit in
Mesozoic and upJ;:er
Paleozoic rocks

20

Geologic uni ts

Parachute Creek Manber of
Green River Formation

Tuscher Formation
Mesaverde Group
Price River Formation
castlegate saoostone
Blackhawk Formation
Mancos Shale

Ferron saoostone Merrber
Tununk Shale .Member

Dakota Sandstone
Burro Canyon FOrmation
Cedar Mountain FOrmation
Morrison FOrmation

Brushy Basin Shale Member
sal t wash Sandstone Member

Summerville Formation
Entrada Sandstone

Moab Sandstone Member
Slick Rock .Member
Dewey Bridge Member

camel FOrmation
Navajo Saoostone
Kayenta Formation
Wingate Sandstone

Chinle FOrmation
Moss Back Member

Moenkopi FOrmation
Cutler FOrmation

Whi te Rim sandstone Menber
Cedar Mesa Sandstone Member

Rico FOnnation
He:rnosa Formation



About 60 wells and springs were inventoried during this study. At wells
and springs, discharge rates and on-site water-quality parameters (water
temperature, specific conductance and pH) were measured and water-quality
sarrples were collected. Water levels were measured at wells. Discharge and
water-quality data collected during previous studies were used to supplement
the data collected during this study. The results of about 50 water-quality
analyses for major ions and selected trace elenents are given in table 4. In
addition, the results of 16 analyses for uranium, 17 analyses for alpha
particle and beta-particle activity, and 15 analyses for radium activity are
given in table 5.

OCCurrence, Discharge, and water Q,lality

The u.S. FOrest Service has ident ified over 200 spr ings on the flank s of
the La Sal Mountains. Nearly all of the springs occur at altitudes higher
than 7,500 feet above sea level. Several representative spring sites were
visited, and all were discharging fran unconsolidated material overlying the
upper ground-water system. M:>st of the springs identified by the u.S. Forest
Service also probably discharge fran unconsolidated material.

Feltis (1966, p. 52-69) rePOrted values for concentrations of dissolved
solids in water that was oollected fran the lONer ground-water system in nine
petroleum-exploration holes. The sites are located in western and
southwestern parts of the Grand County area, and the concentrations of
dissolved solids ranged fran about 7,100 to about 230,000 1TV3/L.

Parachute Creek aquifer and the upper oonfining unit in
Tertiary and Cretaceous rocks

About 70 springs north of the Book Cliffs, in the Uinta Basin section of
the Colorado Plateaus physiographic province, are identified on U.S.
Geological Survey 7t- and 15-minute topographic maps. Nearly all of the
springs discharge fran the Parachute Creek Manber of the Green River Formation
of Tertiary age, the youngest consolidated sedirrentary rock unit in the Grand
County area.

Discharge and water-quality information has been collected by previous
investigators at 12 of the springs north of the Book Cliffs, 11 that discharge
from the Parachute Creek Member of the Green River Fbrmation and one that
discharges from the wasatch Formation of Tertiary age (Conroy and Fields,
1977, p. 202-242; Conroy, 1979, p. 168-190; Conroy, 1980, p. 160-163).
Discharge typically ranges from less than 1 to about 20 gal/min.
Concentrations of dissolved solids were less than 500 ~/L in sarrples fran the
Parachute Creek Member and about 600 mg/L in samples from the Wasatch
Formation. The water tyPe is mixE!d, typically calcium magnesium bicarbonate.
Concentrations of selectE!d trace elements were all less than the State of Utah
primary drinking-water standards listed in table 4.
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Table 4.-ehemical analyses of selected major

[Abbreviations used in headings: OCt degrees celsius; liS/on.
milligrams per liter; ~L. micrograms per liter; <. the actual value

State of Utah primary drinking-water standard: Maximum Contaminant Level (MeL) allowable by Utah lRpartment of Health.
U.S. Envirorrnental Protection Jlljency (EPA) criterion: Recrnmended limit for human health (H) or welfare (W).
Well or spring nuntJer: See "NlJli:Jering system for hydrogeologic-data sites", p. 5 and figure 2.
Geologic Swrce: 112ALVM. alluvium of Quaternary age; 2QOtISIC. Mesozoic undifferentiated; 217CD1t1. Cedar Mountain

Fonmtion; 221ENRD, Entrada Sandstone; 227GLNC. Glen Canyon Group; 227NVJO. Navajo Sandstone; 231\o11lGT. Wingate

Spe- Solids. Magne- Potas-
cific residJe calcium. shill. Sodium. sium.

Goo- T~- condJct- Pi at 100 dis- dis- dis- dis-
Well or spring logic Date ature ance (stand- °C solved solved solved solved

nlJlltler source s~led (OC) (JJS/on) ard dis- (nWL (mg/L (mg/L (nWL
units) solvoo as ca) as totJ) as Na) as K)

State of Utah primary drinking-water standard 6.5-9.0 12.000
EPA Criterion

1"-22-23
25bac- 1 217CDRM 07-21-86 22.5 2.670 8.3 1.470 11 4.0 530 4.3

0-22-23 29ada- 1 221BRSB 08-18-85 26.5 1.630 7.6 1.020 48 18 290 5.1
0-23-21 27bcd- 1 231lr.NGT 08-07-86 20.0 515 7.8 200 28 29 35 6.0
0-24-20 19caa- 1 221ENRD 11-24-85 14.0 335 7.8 182 39 17 5.5 3.8
0-25-20 21dti>- 1 2311r.NGT? 10-29-85 15.0 1.190 1.120 14 15 390 7.1

0-25-21 2Oadd- 2 227hVJO 00-07-86 19.0 1.000 7.4 584 70 29 85 6.1
0-25-21 211xX:- 1 227hVJO 00-07-86 19.0 l.fBO 7.4 1.000 97 38 200 10
0-25-22 12aad- 1 310CTLR 00-30-86 16.0 3.260 7.3 2.7f{J 380 130 150 14
0-25-23 1Bbaa- 1 310CTLR 00-30-86 15.0 3.950 7.5 3.4~ ~ 160 260 14
0-25-23 2Oadl- 1 310CTLR 00-30-86 15.0 1.940 7.3 1.420 250 66 85 4.1

0-26-22 Bbad- 1 227GLNC 00-05-85 15.5 365 7.6 203 38 13 17 1.7
0-26-22 9ddc- 1 227GLNC 07-11-86 18.0 265 7.8 151 31 12 5.5 1.2
0-26-22 14cba- 1 227GLNC lli-22-86 16.0 255 8.2 1~ 30 11 5.3 1.1
0-26-22 15acb- 1 227GLNC 08-05-86 15.0 270 7.7 1~ 30 11 5.1 1.1
0-26-22 15cca- 1 227GLNC 08-09-86 16.0 330 7.7 194 36 15 9.2 1.3

~0-26-22~15daa- 2 227GLNC 00-15-85 15.5 255 7.8 154 33 11 5.7 1.1
0-26-22 15dca- 1 227GLNC 03-06-69 15.0 268 8.0 154 30 16 5.4 1.2

Do. 00-15-85 15.0 360 7.7 214 41 14 16 1.2
~0-26-22~22aab- 1 227GLNC 11-19-68 13.5 273 7.6 218 30 13 6.5 1.0
0-26-22 22aac- 1 227GLNC 11-19-68 15.0 286 7.4 166 32 14 7.6 1.0

Do. 08-16-85 15.5 280 7.9 165 33 12 6.9 1.2

r2l>-T""- 1

227GLNC 08-05-86 15.0 620 7.4 388 72 28 12 1.7
0-26-22 22dad- 1 227GL.NC 07-12-86 16.5 380 7.7 238 42 17 13 1.6
0-26-22 22do1- 1 ll2AI...VM 07-09-68 16.0 930 7.6 664 110 38 48 2.2
0-26-22 23cdd- 1 227GLNC 08-28-85 16.0 445 7.8 283 54 19 15 1.7

0-26-22 26801- 1 227GLNC 08-09-86 17.0 685 7.5 420 67 25 25 2.2
0-26-22 26dbd- 1 227GLNC 08-19-85 17.0 920 7.5 674 120 33 47 2.7
0-26-22 26dda- 1 227GLNC 07-12-86 18.0 705 7.6 503 81 29 33 2.4
0-26-22 35ada- 1 llOALVM 07-08-69 14.0 1.230 7.6 962 180 38 54 2.1
0-26-22 35bdd- 2 llOALVM 00-05-68 10.0 980 7.7 7~ 140 28 43 2.1

0-21-24 36bbc-S1 2()()t5ZC 00-08-85 15.0 5.480 8.0 4.2f{J 730 44 600 8.4
0-22-21 32aac-S1 217CDRM 12-13-85 1.roo 8.4 1.020 14 5.0 360 1.6
0-22-25 12bc1a-S1 4OOflCtom 00-07-85 15.0 680 8.2 406 79 36 26 4.2
0-22-25 18cdl-S1 2()()t5IC 00-08-85 15.5 1.100 7.4 666 130 16 86 4.0
0-23-21 23dad-S1 221ENRD 08-08-86 14.0 255 8.2 146 41 4.1 4.6 1.7
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constituents and trace e1anents at selected sites
microsiemens per c6'ltineter at 25 degrees Celsius: mg/L,
is unkoown but is less than the indicated value; --. no data]

Formation; 221~B. Brushy Basin Shale Menter of fobTison Fonnation; 221SLWS, salt Wash Sardstooe foBIOer of Morrisoo
Sardstooe; 31ocrLR, Cutler FOnlEltioo; 4JOPCM3, PrecMt>r1an crystalline rocks.

Hard-
0110- Fluo- A1ka- Carlx>n Si 1ica, Hard-- ness. Sele- Stroo-
ride. Sulfate. ride. linity. dioxide, dis- ness, noocar- Arsenic, BarilJll, Iron, nium, tillD.
dis- dis- dis- lab, dis- solved total bonate dis- dis- dis- dis- dis-

solved solved solved (ng/L solved (mg/L (mg/L (mg/L solved solved solved solved solved
(mg/L (mg/L (mg/L as (mg/L as as as (IJ9/L (IJ9/L (J.I9/L (pg/L (lJ9/l
as C1) as S04} as F} CaC03) as CD2) Si02) Ca~) Caco3) as As) as Ba) as Fe} as Se) as Sr)

21,000 50 1,000 300 10
250 W 250 W OH 1.000 H 300 W 10 H

560 100 0.6 275 2.6 10 46 0 <1 <100 100 <1 1,500
30 400 .8 365 18 11 200 0 1 21 2.100 <1 1.900
38 41 .3 172 5.3 9.4 190 18 <1 30 <10 2 BaJ
6.1 16 .3 147 4.5 9.2 170 21 <1 110 5 1 m

440 79 .9 290 5.6 97 0 7 30 380 470

78 lro .3 174 13 12 l)() 120 <1 20 20 8 1,600
280 200 .4 188 14 12 400 210 <1 10 <10 5 2.600
160 1.700 .4 115 11 17 1,500 1,400 <1 <100 40 21 7.700
140 2,300 .3 0 15 l.roo 0 <1 <100 30 30 11.000
150 7fiJ .7 140 14 14 roo 760 <1 16 6 4 4,800

15 28 .2 123 6.0 9.5 150 26 1 87 14 <1 4])
1.8 31 .2 104 3.2 9.5 130 23 <1 82 27 <1 4«>
1.9 33 .2 99 1.2 9.2 120 22 <1 82 7 <1 400
2.0 28 .2 96 3.7 9.1 120 25 <1 40 <10 <1 450
4.0 64 .1 104 4.0 9.6 150 48 <1 40 10 1 570

44 46 .1 93 2.8 9.2 130 35 <1 100 14 <1 450
2.4 48 .4 1.9 7.7 140 42 570
6.4 fiJ .2 108 4.2 .7 160 53 <1 68 26 1 550
2.7 13 .3 4.9 9.5 130 26 10 90 0
2.9 :D .4 8.1 11 140 33 10 170 0

2.4 41 .1 91 2.2 .3 130 41 1 58 11 <1 400
8.0 150 .3 164 13 12 l)() 130 <1 30 40 4 1.000
7.0 70 .1 116 4.5 11 180 60 <1 44 12 1 600

16 300 .5 8.7 14 420 240 20
10 ~ .6 103 3.2 11 210 110 <1 56 25 2 700

17 100 .2 119 7.3 11 270 150 <1 45 12 4 1.200
27 210 .3 137 8.4 14 440 300 <1 27 210 5 2.000
16 220 .3 124 6.0 12 320 200 <1 56 14 4 1.400
30 450 .5 9.7 17 610 410 100
11 310 .9 8.4 14 470 260 10 0

820 1,700 3.6 152 2.9 20 2,000 1,900 1 100 80 <1 8,100
100 310 1.2 418 3.2 10 56 0 3 27 23 2 540
13 31 2.2 325 3.9 30 350 22 1 180 22 <1 93:>

120 lro 2.1 201 15 16 :DO 190 3 29 3 2 1,200
4.4 11 .1 116 1.4 8.7 120 4 <1 360 <3 <1 220
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Table 4.-ehemical analyses of selected major

Spe- Sol ids, Ma~ne- Potas-
cific resiciJe Calcium, SHill, Sodium, sium,

600- T~- conciJct- ~ at 100 dis- dis- dis- dis-
We11 or spring logic Oate ature ance (stand- °C solved solved solved solved

nuntler source sM1>led (ac) (llS/on) ard dis- (nq/L (mg/L (mgjL (mg/L
units) solved as Ca) as ~) as Na) as K)

(0-23-22 17cOO-S1 221ENRD (Xi-10-85 15.0 255 8.2 146 45 4.5 4.8 2.3
10-23-23 11<1><-$1 227NVJO 11-23-85 12.5 560 7.9 349 39 32 34 6.8
0-23-23 12dba-S1 227NVJO 12-17-85 13.0 670 7.6 385 57 27 59 13
0-24-18 7aaa-SI 227NVJO 11-26-85 12.5 220 8.2 135 35 4.9 6.8 1.6
0-24-19 lOded-S1 221ENRD 11-26-85 14.0 2)5 7.9 119 32 4.7 3.9 2.9

lD-24-21131dab-$1 221ENRD 03-15-70 13.0 225 7.7 143 43 3.2 2.3 1.6
0-25-18 9ddc-S1 227NVJO 06-21-86 17.0 320 7.7 182 37 13 7.0 3.3
0-25-21 5abb-S1 221ENRD 03-15-70 12.5 270 8.0 157 49 4.1 3.8 1.7
0-25-21 5bbb-SI 221ENRD 03-15-70 13.0 250 7.4 145 49 3.3 2.6 1.1
0-25-21 26bdc-S1 2311H1T 10-08-58 17.0 l)() 8.1 33 10

~0-25-21~26bdc-S2 2311lNGT 00-17-85 16.0 295 8.0 161 30 12 12 2.0
0-25-21 35aaa-SI 2311lNGT 10-19-67 14.5 296 7.5 168 32 12 13 0.6

Do. 00-15-85 17.5 290 8.0 174 32 13 14 1.7
~0-26-22~14aCC-S1 227NVJO 11-19-68 16.0 3)5 7.6 In 35 16 5.3 1.2
0-26-22 15cbb-S1 227GLNC 10-19-67 14.0 295 7.6 172 35 12 8.2 .5

1"-2&-22 '_-$1 227GLNC 00-16-85 16.0 460 7.6 'lZl 49 21 14 1.7
0-26-22 22aaa-SI 227GLNC 00-16-85 15.0 2BO 7.6 163 33 12 6.5 1.3
0-26-22 22aad-S1 227GLNC 00-15-85 16.0 285 7.4 174 34 13 8.1 1.2
0-26-23 26dcc-S1 221SLWS 07-27-86 15.0 1,640 7.6 1,100 120 72 130 3.7
0-27-19 22bbc-S1 227NVJO 07-10-86 15.0 190 8.2 102 21 9.5 2.3 1.8

1 If the concentration of dissolved solids is larger than 1,000 nq/L, the supplier shall satisfactorily daronstrate that
water with a smaller concentration of dissolved solids is not available.

2 If the concentration of sulfate is larger than !m ng/L, the su~lier shall satisfactorily denK>nstrate that water with
a smaller concentration of sulfate is not available, and the water shall not be available for human commercial
estab1isl'nents.

Formations in the Mesaverde Group and the Mancos Shale, both of
Cretaceous age, crop out in a bam about 10 to 20 miles wide southwest, south,
and southeast of the Book Cliffs (pI. 2). None of these fornations yields
substantial quantities of water to wells or springs in the Gram County area,
and the .Mesaverde Group and the Mancos Shale probably effectively inhibit
downward IOC1Vement of water into the underlying sandstone aquifers in Mesozoic
rocks in roost places. Several springs srown on u.S. Geological SUrvey 7t- am
l5~nute topographic maps are located where they would appear to discharge
from the Mesaverde Group or the Mancos Shale, rot typically they discharge
from overlying alluvium.

Samstone aquifers in Mesozoic rocks

The Dakota Samstone, am the Cedar Mamtain, Burro canyon, and Morrison
Formations crop out in a band about 5 miles wide, about 10 to 20 miles south
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constituents and trace elanents at selected sites-COntinued

Hard-
0110- Floo- Alka- carron Silica, Hard- ness, Sele- Stron-
ride, Sulfate, ride, linity, dioxide, dis- ness, noncar- Arsenic, Barium, Iron, nium, tiLlll,
dis- dis- dis- lab, dis- solved total bonate dis- dis- dis- dis- dis-

solva:l solved solved (ng/L solved (ng/L (ng/L (ng/L solved solved solved solved solved
(ng/L (ng/L (ng/L as (ng/L as as as (J.J9/L (J.J9/L ()¥J/L (ug/L (J.J9/L
as Cl) as $04) as F) caco3) as W2) S;02) Ca~) eaW3) as As) as Ba) as Fe) as Se) as Sr)

4.9 11 .2 100 1.2 9.8 130 32 <1 480 3 1 350
20 n .3 2fJ7 5.0 10 230 24 1 76 3 5 2.000
24 85 .4 251 12 13 260 5 <1 75 <3 3 2.100
5.2 14 .2 88 1.1 8.2 110 2fJ <1 110 4 1 200
3.4 9.9 .1 94 2.0 8.5 100 6 2 200 13 <1 240

3.5 6.5 .4 4.2 10 120 0 0 0 37
9.9 22 .3 125 4.8 11 150 21 <1 100 5 1 200
5.0 12 .5 2.5 11 140 11 0 0 55
5.0 10 .5 9.4 9.5 140 0 0 0 89

12 36 1.7 11 120 0

9.8 ]) .2 99 1.9 9.0 120 26 <1 77 4 1 410
14 31 .3 6.4 11 130 0 0
11 32 .2 100 1.9 9.3 130 34 1 80 7 <1 420
2.7 11 .1 7.3 8.9 150 2 0 0
4.3 :!} .3 5.3 8.9 140 0 0

9.3 100 .1 112 5.4 10 210 98 <1 50 5 2 700
2.3 :!} .2 94 4.6 9.4 130 :E 1 72 8 <1 400
2.9 46 .2 93 7.2 9.7 140 46 <1 64 18 <1 510

81 400 .4 269 13 18 600 33J 2 41 3 8 2,800
2.7 4.4 .2 90 1.1 10 92 2 <1 370 <3 <1 110

of the Book Cliffs, and locally on the flanks of the La sal M::>untains (pl. 2).
These formations locally yield water to seeps, springs, and fla.ying wells.
Discharge typically is less than 1 gal/rnin.

South of the Book Cliffs, concentrations of dissolved solids in water
samples from a flowing well [(O-22-23)25bac-l] and a spring
[(D-22-21)32aac-Sl] discharging fran the Cedar Moontain Fonnation and fran a
flCMing well [(D-22-23)29ada-l] discharging fran the Brushy Basin Shale Menber
of the Morrison Formation ranged from 1,020 rng/L to 1,470 mg/L (table 4).
Sodhun was the cation type at all three sites, but the anion type varied from
site to site. On the flanks of the La Sal M.::x.1ntains, the ooncentration of
dissolved solids in water discharging fran a spring in the salt wash sandstone
Member of the Morrison Fonnation was 1,160 ng/L (table 4), and the water type
was mixed, calcium magnesium sodium sulfate bicarbonate.
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'!able 5.-Cfu:mical analyses of selected radionuclides in ground hater
at selected sites

[Abbreviations used in headings: pCi/L. picocuries per liter; <. the actual value
is unknown but is less than the indicated value; --. no data)

State of Utah primary drinking-water standard: MaxilllJm Contaminant Level (MeL) all~able by Utah Department of Health.
Well or spring nuntler: See ·Nl.I1tJering system for hydr~eologic-data sites·. p. 5 and figure 2.
Geologic source: 2O()lSZC. Mesozoic undifferentiated; 217Ct:RM. Cedar Mountain Fonnation; 221BRSB. Brushy Basin Shale Member

of Morrison Formation; 221ENRO. Entrada Formation; 227GLNC. Glen canyon Group; 227NVJO. Navajo Sandstone; 231WNGT.
Wirgate Sa~stone.

Radium Gross Gross Gross
Uranium. 226. a11tla. beta. beta.
natural. dis- dis- dis- dis-

Geo- dis- solved. solved solved solved
Well or spring logic Date solved radon (pCi/L (pCi/L (pCi/L

nuntler source sampled (pCi/L method as as as Sri
as U) (!Li/L) U-Nat) Cs-137) Yt-OO)

State of Utah primary drinkirg-water sta~ard: 15 15 50 50

(0-22-23 29ada- 1 221BRSB 00-18-85 13.6 0.06 15 23 15

!1l-24-20 19caa- 1 221ENRJ 11-24-85 0.9 0.7 5.2 3.9
0-25-20 21dl:t>- 1 10-29-85 0.5 0.02 <6.5 16 9.9
0-26-22 Sbad- 1 227GlX (9-05-85 0.6 0.08 1.1 2.7 2.2
0-26-22 15daa- 2 227GlX 00-15-85 0.8 0.05 0.9 1.1 0.9

0-26-22~23Cdd- 1 227GlX 00-28-85 1.3 0.05 3.7 3.5 2.5
0-26-22 26dbd- 1 227GlX 00-19-85 2.1 0.03 2.9 5.3 3.4
0-21-24 36bbc-S1 2lDISIC (9-08-85 0.3 <31 13 9.1
0-22-21~32aac-s1 217cm1 12-13-85 <0.3 0.08 <6.1 5.2 3.5
0-22-25 18cch-S1 2lDISIC 00-08-85 6.7 0.08 10.9 6.6 6.9

0-23-21 )23dad-S1 221ENRJ 00-08-86 0.09 1.1 2.0 1.6
1l-23-2T7COO-Sl 221ENRJ ~-1O..85 0.6 0.19 <2.3 2.7 2.3
0-23-23 11dbc-S1 227NVJO 11-23-85 <0.3 0.12 3.3 9.8 7.3
0-23-23 12dba-S1 227NVJO 12-17-85 2.4 0.05 4.3 16 12
0-24-19 lOded-S1 221ENRJ 11-26-85 <0.3 0.15 1.4 5.5 4.3

~0-25-21~35aaa-SI 231WNGT 00-15-85 0.7 0.06 1.3 3.1 2.3
0-26-22 22aaa-SI 227GlX 00-16-85 0.9 0.05 2.2 2.2 1.6

Median value for Gra~ County area: 0.8 0.06 2.2 5.2 3.5

lRadium 226 and 228. crnDined.

Water discharging fran the unnamed spring in the Cedar Mountain
Formation had beta and radil.m activities near the median values for the Gram
County area (table 5). 'nle uranium activity was less than one-half the median
value of 0.8 pCi/L (pioocuries per liter) for the Grand County area.

Water discharging fran the flowin; well in the Brushy Basin Shale Menber
of the Morrison Fornation had the largest beta and uranium activities am the
seoorrl-largest alpha activity of all the samples in the Grand County area;
however, the beta activity was less than one-half of the State of Utah primary
drinking-water starXlard of 50 pCi/L, and the alpha activity was 15 pCi/L,
which is equal to the State of Utah primary drinking-water stamard (table 5).
A relatively large quantity of radionuclide activity in water from the
Morrison is not unexpected. The Morrison contains large, commercially
important quantities of uranium, am the fornation has been mined for uranium
in the Grarrl County area.
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Feltis (1966, p. 44-69) rep:>rted the concentrations of dissolved solids
and major ions in water samples fran four oil-test roles and one water well
carpleted in the Morrison Formation (table 6). '!he depth to the Morrison in
these wells ranged from about 400 to 2,500 feet below land surface.
Concentrations of dissolved solids in water samples from these wells ranged
from 2,090 to 25,700 mg/L, and the water type typically was sodium chloride
(fig. 7; table 6). unplblished data fran the files of the U.S. Geological
Survey indicate that the ooncentration of dissolved solids in water collected
fran the Morrison Fbrmation at tw:::> sites ranged from about 10,000 to 22,900
mg/L, and the concentration of dissolved solids in water oollected fran the
03.kota Sandstone at one site was 1,800 mg/L (fig. 7; table 6).

The Entrada Sandstone, the Navajo Sandstone, the Kayenta Formation, am
the Wingate saOOstone crq;> out extensively in the southern one-third of the
Grand County area (pl. 2) and contain the principal aquifers of the area.
Regionally, the Kayenta Formation is considered a oonfining unit because it is
less permeable than the overlying Navajo Sandstone and underlying Wingate
sandstone. In the Mill Creek-Spanish Valley area, however, the Kayenta is
sandy, and the Navajo sandstone, Kayenta Fornation, and Wingate saoostone of
the Glen Canyon Group form a single aquifer, designated the Glen Canyon
a:;zuifer in this report.

Discharge fran the Entrada Sandstone, the Navajo Sandstone, and the
Wingate sandstone typically occurs as seeps and small springs near the bases
of the formations, typically where canyons cut through the formations. Water
is perched in each of the formations by less permeable underlying units. The
~ Sandstone am Slick Rock MenDers of the Entrada Sandstone are underlain
by the less permeable Dewey Bridge Member of the Entrada Sandstone. The Slick
Rock and Dewey Bridge Members of the Entrada Sandstone are not shown
individually on the geologic map (pl.. 2) but are included in the map unit, Je.
The Navajo Sandstone is underlain by the generally less permeable Kayenta
Formation, am the Wingate Sandstone is underlain by the less permeable O1inle
Formation. Rates of discharge fran the formations range from nearly zero at
seeps fran canyon walls to a reported 2,000 gal/min fran well (D-26-22)lSdca-l
in the City of Moab well field, where the cquifer is fractured.

Concentrations of dissolved solids in water fran the principal aquifers
near their outcrq;> areas typically range from about 100 to about 500 mg/L
(table 4). '!he water type typically is calcium bicarbonate, calcium magnesillll
bicarbonate, or calcium magnesium bicarbonate sulfate.

~r oonfining unit in ~sozoic am uQ?er Paleozoic rocks

(i} the soothwestern side of castle Valley, the undifferentiated Cutler
Format ion is the source of water for abcut 30 wells. Thirteen of the wells
were tested for specific capacity follCMing drilling. Specific capacity of
eight of the wells ranged fran less than 0.01 (gal/min)/ft, where a well
produced 1 gal/min for 1 hoor with 260 feet of drawdCMn, to 4.0 (gal/min) / ft ,
where a well produced 20 gal/min for 1 hoor with 5 feet of drawdCMn. Five
wells were pumped for 2 hours at discharge rates ranging frOm 20 to 40 gal/min
with no rreasurable drawdCMn.
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Table 6.--Dissolved-solids concentration
in ground water at selected. sites

Site number: See "Numbering system for hydrogeologic-data sites in
utah", p. 5 and figure 2.

Geologic source: Kd, Dakota Sandstone; Jm, Morrison Formation; Je,
Entrada sandstone; Pwr, White Rim Sandstone Member of Cutler
Formation.

Dissolved solids: rrg/L, mi11igrans per liter.
Interval sarrpled: Feet belCM land surface; --, no data.
Source of information: Unpublished data of the U.S. Geological Survey.

Site Geologic Dissolved Interval Source of
number soorce solids sarrpled information

(m:vr.) (feet)

(1}-21-20) 17bcb Kd 1,800 USGS
(1}-19-24)35dbc Jm 25,700 1,484-1,508 Feltis, 1966
(1}-19-25)10abd Jm 7,350 595- 602 Do.
(1)-20-21)23bba Jm 22,900 USGS
(1)-20-22)30bd Jm 22,600 2,388-2,456 Feltis, 1966

(D-20-23)14baa Jm 9,960 USGS
(D-20-24)29crla Jm 6,880 384- 400 Feltis, 1966

1:)). Jm 5,510 762- 772 Do.
1:)). Jm 2,090 872- 888 Do.

(1}-22-19) 16abb Jm 13,900 1,118-1,155 Do.

T(D-15-22) 35aid Je 104,000 USGS
(1)-16-26) 29ccb Je 47,500 Do.

1:)). Je 13,500 Do.
(1)-17-24) 9dca Je 86,600 5,247-5,290 Feltis, 1966
(1)-17-24)12dca Je 58,400 5,160 Do.

(1}-17-25) lldab Je 4,330 USGS
Do • Je 4,850 Do.

(1}-19-21) 29dbb Je 6,800 Do.
(1}-19-25)10abd Je 9,470 875- 905 Feltis, 1966
(1}-21-19) 33aid Je 10,300 1,736-1,758 Do.

R(1}-27-17) lQjc Pwr 2,730 260- 380 Huntoon, 1977
ro. Pwr 1,990 00. Do.

(1}-27-18) 9baa Pwr 2,570 415- 585 Do.
(1}-27-18)10aaa Pwr 1,720 485- 585 Do.
(1}-28-19)llaa~S Pwr 270 Do.

(1}-28-19) 15bbb-S Pwr 308 Do.
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Figure 7.--Concentration of dissolved solids in ground water at selected sites.
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Water from three wells completed in the undifferentiated Cutler
Fonnation was oollected and analyzed during this study. Concentrations of
dissolved solids ranged from 1,420 to 3,450 rng/L, and the water type was
either calcium magnesium sulfate or calcium magnesium sodium sulfate. The
water was very hard, ranging fran 900 to 1,900 rng/L. At tv.o of the wells, the
ooncentration of sulfate was larger than the State of Utah primary drinking
water standard of 1,000 rrg/L (table 4). At the sane tv.o wells, ooncentrations
of selenium were two and three times the State of Utah primary drinking-water
standard of 10 ~g/L (table 4).

Huntoon (1977) characterized the White Rim sandstone Member of the
Cutler Formation in canyonlands National Park and in the area immediately
north of the Park. Where the White Rim is cut by canyons, ground water
discharges in "an alIOC>st continuous series of small springs and seeps along
its lower oontact." Huntoon reported the dlemical quality of ground water in
the White Rim that was oollected fran two springs am three wells (fig. 7 am
table 6). Concentrations of dissolved solids in water from the two springs
were 270 mg/L and 308 mg/L, and the water types were calcium magnesium
bicarbonate and calcium magnesium sodium bicarbonate. Oissolved-solids
concentrations of four samples collected from the three wells ranged fran
1,720 to 2,730 mg/L. '!he water types were mixed, and varied from sample to
sarcple.

Q..lality of water near faults

Ground-water discharges at several locations near the trace of the M::>ab
fault. Sites of discnarge include Brink Spring, (Ir24-19}10dcd-Sl; a flowing
well in '!'usher canyon, (Ir24-20}19caa-l; and two water-suWly wells canpleted
in the Navajo Sandstone in Arches National Park, (O-25-21}20add-2 and
(I>-25-21}2lbdc-l (pI. I).

'Ihe Entrada Samstone may be the source of water for Brink Spring and
the flCMing well. In the area of the two sites, the Entrada is at the surface
on the upthroon side of the~ fault, and the water quality resembles that
of the Entrada at other locations. Concentrations of dissolved solids at the
two sites were less than 200 rng/L (table 4), am the water types were calcium
bicarbonate and calcium magnesium bicarbonate.

'!he two water-suJ;:.ply wells in Arcnes National Park are canpleted in the
Navajo Sandstone, but the quality of water in the wells is different from that
in the Navajo aquifer at other locations. The concentration of dissolved
solids in well (D-25-2l}20add-2 was 584 rrg/L (table 4), and the water type was
sodium calcium magnesium sulfate bicarbonate chloride. The concentration of
dissolved solids in well (O-25-21}2lbdc-l was 1,000 mg/L (table 4), am the
water type was sooium calcium cnloride sulfate bicarbonate.

Ground.-water discnarge also occurs in an area of faulting in the eastern
p:irt of the Grand County area, southeast of the Colorado River. Water samples
from Cane Spring, (O-2l-24}36bbc-Sl, and from an unnamed spring,
(I>-22-25}18cdb-Sl, were collected and analyzed. The geologic setting is
similar at both springs: Each spring is located near a fault and, at both
sites, the Kayenta Formation is at the surface on the upthrown side of the
fault. At Cane Spring, the Summerville Formation is at the surface on the
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downthrown side of the fault, and at the unnamed spring, the Entrada sandstone
is at the surface on the doonthroon side of the fault.

The concentration of dissolved solids in water fran cane Spring was 4,240
rrg/L (table 4), and the water type was calcium sodium sulfate chloride. The
concentration of dissolved solids in water from the unnamed spring was 666
rrg/L (table 4), and the water type was calcium sodium bicarbonate sulfate
chloride.

water fran the two springs had some similarities, but also had major
differences. Calcium and sodium were significant cations and sulfate and
chloride were significant anions at both springs, but bicarbonate was not
significant at Cane Spring. At cane Spring, the ooncentration of dissolved
solids was aoout six times that at the unnamed spring.

It appears that in areas of faulting, the chemical quality of the
groond-water resoorce is not predictable. It may, or may not, resemble the
chemical quality of ground water in the formations that are at the surface on
either side of the fault.

Recharge and Ground-water fobverrent

The La sal Mountains (pl. 1) are a principal recharge area for the
aquifers in consolidated sedimentary rocks in the Grand COunty area. The La
sal fobuntains with winter snowpack are shown in figure 8. Average annual
precipitation in the mountains is about 30 inches, and aoout two-thirds of the
precipitation falls fran October to April, mostly as snow. The peaks of the
mountains mostly are talus slopes, and these slopes probably accept a
substantial amount of the winter snowpack as recharge when the snowpack melts
in the spring. sedirrentary strata are upturned and fractured on the flanks of
the nountains, and are caPable of accepting more recharge than is possible
when the strata are not fractured. Recharge in the the La Sal Mountains
ultimately provides water to unconsolidated Quaternary deposits in Spanish
Valley and Castle Valley. Sumsion (1971) estimated recharge to the part of
the La sal Mountains area that is drained by Mill Creek and Pack Creek to be
about 22,000 acre-ft/yr (acre-feet per year), and the Mill Creek and Pack
Creek drainages are only a small part of the entire La sal Mountains area.

The approximate altitude of the p:>tentiooetric surface and the general
direction of ground-water movement in the upper ground-water system were
modified from Rush and others (1982), Weir, Maxfield, and Hart (1983), and
weir, Maxfield, and Zimmerman (1983), and are shown in figure 9. General
movement of ground water is tONard the major perennial streams. l'brthwest of
the Colorado River, the direction of ground-water movement is toward the
Colorado River and the Green River, with a groond-water divide separating the
two directions of flON. 5altheast of the Colorado River, the direction of
ground-water movement generally is from the La Sal Mountains toward the
Colorado River.
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Figure 8.--La Sal Mountains with winter snowpack.

Principal Bedrock .Aquifers

'!his section presents data am interpretation of ground-water corrlitions
in the three principal aquifers in the Grand County area: The Entrada
aquifer, the Navajo cquifer, arrl the Wingate aquifer. Areas of recharge arrl
discharge, direction of groorrl-water rocwE!tleI\t, chemical quality of water in
the aquifers, arrl characteristics of the cquifers will be discussed. Grolind
water corrlitions in the Glen Canyon aquifer in the Mill Creek-Spanish Valley
area will be discussed in a separate section.

'!he Entrada aquifer

The Entrada Sandstone crops out primarily in and near Arches National
Park, east of Arches National Park, in the upper reaches of the Mill Creek
drainage, and south and west of the Moab fault in T. 24 S., R. 19 arrl 20 E.
(pI. 2). '!he Entrada cquifer is contained in the Entrada Sarrlstone.

Recharge to the Entrada aquifer probably occurs where the Entrada
Sarrlstone crops oot or where it is mantled by unconsolidated deposits. The
rate of infiltration to the Entrada aquifer probably is much larger where the
Entrada Sarrlstone is fractured or jointed. In the Arches National Park area,
recharge probably occurs on the flanks of the Salt Valley anticline, arrl
movement of water is away from the anticline, particularly toward the
Courthoose syncline to the west.
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of movement of water in the upper ground-water system.
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Spring am seep discharge fran the Entrada aquifer occurs where vertical
hydraulic conductivity is decreased by contacts between crossbed sets or by
the finer grained Dewey Bridge Member of the Entrada sandstone that underlies
the Slick Rock Member of the Entrada sandstone. several alCOlJes at the base
of the Slick Rock Merrber are stx:>wn in figure 10. '!he alcoves are the result
of ground water discharging from the Slick Rock Member because the underlying
Dewey Bridge Menber impedes further downward flow. Groom water rroving to the
discharge area dissolves the calcium carbonate cenent from the samstone of
the Slick Rock Menber, which weak-ensthe sandstone, and it eventually crumbles
off the ootcrop.

Figure 1O.--Alcoves at different stages of development at the base of
the Slick Rock Member of the Entrada Sandstone (Jes), at location
(0-25-19) 11d. Dewey Bridge Member of Entrada Sandstone (Jed),
underlies Slick Rock Member.
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One of the principal areas of spring discharge fran the Entrada aquifer
is in the canyon of Courthouse Wash and in Severunile Canyon near its mouth
(pl. 1). Courthouse Wash and the axis of the Courthouse syncline are
coincident in this area. Seepage occurs fran the walls of both canyons, and
several springs discharge from alcoves in the northeast canyon wall of
Courthouse Wash. Several of the springs were inventoried by Sumsion (C.T.
Sumsion, u.s. Geological Survey, written cx:mnun., 1971), and discharge fran
the springs ranged fran 0.1 to 11.1 gal/min. Infonnation oollected during the
inventory at Alcove Spring [(0-24-21)31dab-Sl], Antler Pool Spring
[(D-25-21)5abb-Sl], and Mossy Pool Spring [(0-25-21)5bbb-Sl], is shown in
table 7.

Two springs, Lost Spring [(D-23-22)17cab-Sl] and an unnamed spring
[(0-23-2l)23dad-Sl], are koown to discharge fran the Entrada aquifer east of
the salt Valley anticline, and Brink Spring [(D-24-19)10dcd-Sl] and a flowing
well [(0-24-20)19caa-l] are known to discharge along the M::>ab fault (pI. 1;
tables 7 and 8). '!hese sites were inventoried during this study. Discharge
from the springs ranged from 0.5 to 2.5 gal/min, and discharge from the
flCMing well was about 15 gal/min. '!he discharge p::>int of the unnamed spring,
at an intersection of a fracture and a contact between crossbed sets, is shown
in figure llA. Water moves from the discharge point in a rivulet under
watercress and other vegetation for abalt 200 feet, and then ag:>ears flowing
Oller talus (fig. IlB).

Water samples from Alcove Spring, Antler Pool Spring, and Mossy Pool
Spring inventoried by Surrsion (C.T. Surrsion, u.S. Geological Survey, written
commun., 1971), and from the three springs and the flCMing well inventoried
during this study were collected and analyzed. Results of the analyses are
given in table 4.

Concentrations of dissolved solids ranged from 143 to 157 mg/L in the
Arches National Park area am fran 119 to 182 mg/L along the 1bE Fault. The
water type was calcium carbonate in the Ardles National Park area and calcium
carbonate or calcium magnesium carbonate along the Moab Fault. Hardness
ranged fran 100 to 170 mg/L, or from hard to very hard. Concentrations of
arsenic, barium, iron, am selenium were less than the State of Utah primary
dr inking-water starrlards.

Four water samples from a well completed in the Entrada aquifer at
location (D-24-19)17abc were collected and analyzed in 1982 and 1983 (J.L.
Proffitt, written commun., 1983). The median concentration of dissolved
solids in the four samples was 300 mg/L, and the water type of all four
sarrples was magnesium calcium bicarbonate.

Feltis (1966, p. 44-69) reported concentrations of major ions and
dissolved solids in water sanples that were oollected fran the Entrada aquifer
in three oil-test roles and one water well. The sites are located north of
the Entrada sandstone outcrop area (fig. 7), and the depth to the Entrada
sandstone ranged fran about 900 to about 5,300 feet below land surface. The
ooncentration of dissolved solids ranged from 9,470 ng/L to about 86,600 mg/L,
and the water type at eadl site was sodium chloride (fig. 7; table 6). In
unpublished data from the files of the U.S. Geological Survey, the
ooncentration of dissolved solids in water collected fran the Entrada aquifer
at four si tes located north of the Entrada sandstone outcrop area ranged fran
4,330 to 104,000 mg/L (fig. 7; table 6).
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Table 7. --Records of selected springs

[Abbreviations: gal/min, gallons per minute; °C, degrees Celsius;
JJS/on, microsiemens per centirreter at 25 degrees celsius; --, no datal

Spri"il nlJ1t>er: see "Nul1't€ri"il system for hydrogeologic-data sites", p. 5 and fi~re 2.
Geologic source: 200MSlC, Mesozoic undifferentiated; 217CffiM, Cedar MaIntain Fonnation; 221SU..s, Salt Wash Sardstone Ment>er of

Morrison Fonnation; 221ENRD, Entrooa Sandstone; 227GLM:, Glen Can}Qn Group; 227NVJJ, Navajo Sandstone; 231WNGT, Wingate Sandstone.
Altitude: In feet above sea level.
Discharge: Methoo of measurement--P, roodified Parschall flurre; V, volumetrically; M, not specified; H, Hoff meter; F, in-line

flCMneter; E, estimated.

Date Specific Date
Geologic Altitude Discharge discharge Tanperature conductance pH parameters

Spring nul1't€r Spring name source (feet) (gal/min) measured (OC) (JJS/on) (units) measured

\0-21-24l36bbc-51 Cane Spring 200MSlC 4,200 43.5 P 09-08-85 15.0 5,290 8.0 09-08-85
0-22-211J2aac-51 Unncrned Spring 217CD~ 4,700 1,600 8.4 12-13-85
D-22-25 12bda-Sl Burn Spring 400POO 5,720 42.0 V 09-07-85 15.0 680 8.2 09-07-85
D-22-25 18ccl:>-SI Unncrned Seep 200MSlC 4,520 20.0 E 09-08-85 15.5 1,100 7.4 09-08-85
D-23-2O 32dca-Sl Burro Seep 4,580 .2 V 07-26-86 22.5 610 7.0 07-26-86

(D-23-21 23doo-Sl Unncrned Spring 221ENRO 4,520 2.0 V 0S-08-86 14.0 255 8.2 0S-08-86

!~~22 17cab-S1 Lost Spring 221ENRO 4,660 .5 V 06-10-85 15.0 255 8.2 06-10-85
D-23-23 l1dbc-Sl Unncrned Spring 227NVJJ 4,420 12.5 560 7.9 11-23-85
0-23-23 12dba-Sl Buck Spring 227NV.lJ 4,240 2.5 V 12-17-85 13.0 670 7.6 12-17-85
D-24-18 7aaa-SI Dri~ing Spring 227NV.lJ 4,400 2.5 E 11-26-85 12.5 220 8.2 11-26-85

(D-24-19~IOdcd-Sl Brink Spring 221ENRO 4,720 2.5 V 11-26-85 14.0 205 8.0 11-26-85
10-24-21 31dab-51 Alcove Spri'V 221ENRD 4,240 8.2 M 09-01-70 13.0 225 7.7 09-15-70
D-24-24 21dcl:>-Sl Stinking Sprlng 324PRDX 4,960 2.0 E 07-13-86 15.0 18,000 07-13-86
D-25-18~ 9ddc-Sl Deadnan Spring 227NVJJ 5,040 .3 V 06-21-86 17.0 320 7.7 06-21-86
D-25-21 5abb-Sl Antler Pool Spring 221ENRO 4,240 6.0 M 09-15-70 12.5 270 8.0 09-15-70

(D-25-21~ 5bbb-SI Mossy Pool Spri"il 221ENRO 4,240 11.0 M 09-15-70 13.0 250 7.4 09-15-70
!~25-21 26bdc-51 Lions Club Spri"il 231WNGf 4,040 7.0 M 01-00-68 17.0 300 8.1 1~08-58
D-25-21 26bdc-S2 Goatman Spring 231WNGf 4,040 16.0 295 8.0 ~17-85
D-25-21 26bcJ:j-Sl Matrimony Spring 231WNGf 4,000 6.5 V 07-26-86 16.0 285 8.1 11-06-86
0-25-21~35aaa-SI Skake1 Spri"il 231WNGf 4,000 240 E 1~19-67 17.5 290 8.0 0S-15-85

(D-26-22)14acc-Sl Deep Cut Spring 227NVJJ 4,660 00.0 M 11-19-68 16.0 305 7.6 11-19-68
10-26-22I15cbb-51 Birch Sprin~ 227GLM: 4,460 00.0 E 1~00-67 14.0 295 7.6 1~19-67

D-26-22 15cca-Sl Somerville ring 227GOC 4,480 15.0 V 0S-09-86 15.0 350 7.7 11-06-86
0-26-22 15cdc-Sl Moab Spring Nul1't€r 1 227GLM: 4,480 ~.O M 03-01-69 16.0 460 7.6 0S-16-85
0-26-22 22aaa-SI Moab Spring Number 2 227GLM: 4,580 33:> H 0S-29-85 15.0 280 7.6 0S-16-85

(0-26-22)22aOO-Sl Moab Spring Nul1't€r 3 227GLM: 4,580 300 F 0S-29-85 16.0 285 7.4 0S-15-85
~D-26-23~26dCC-Sl UnniJ11ed Spring 221SLWS 7,440 0.25 V 07-27-86 15.0 1,640 7.6 07-27-86
0-27-19 22bbc-Sl Neck Spring 227NVJJ 5,680 <5 E 07-10-86 15.0 190 8.2 07-10-86
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A.

B.

Figure 11.--A) unnamed spring (D-23-21)23dad-S1, discharging from
the Entrada aquifer at the intersection of a fracture and a contact
between crossbed sets; and B) discharge surfacing about 200 feet
from point of discharge from bedrock.
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Table 8.--Records of selected

[Abbreviations used in headings: gal/min. gallons per minute; (gal/min)/ft. gallons per minute per foot of

We11 nurrber: See "tt1mbering system for hydrogeologic-data sites". p. 5 and figure 2.
Geologic source: 110AL'M. alluvium of QJaternary age; 217aJRM. Cedar tobuntain Formation; 221BRSB. Brushy Basin Shale Mettler of

310CTLR. Cutler Formation.
Type of opening: p. perforated; X. open hole without casing.

Altitude Oianeter Diameter lJ:!pth BottOOl
Oate of of land Goologic of of Oepth to of

construction surface source well casing of well aq.1i fer casin)
we11 nuntler Owfler (feet) (inches) (inches) (feet) (feet) (feet

0-22-23 25bac- 1 U.S. Bureau of Land Management 4.220 217CrnM
0-22-23 29ada- 1 U.S. Bureau of Land Management 4.l3O 221BRSB 0
0-23-21 27bcd- 1 U.S. National Park Service 10-00-62 5.200 231WNJT 8.00 6.00 9J() 765 9J()

0-24-18 25d:la- 1 U.S. Bureau of Land Management 02-00-37 5.n> 227NVJO 8.25 004 19.0
0-24-19 36t0a- 1 U.S. Bureau of Land Management 4.~ 227NVJO 5.5

D_'4_,"\'9".- 1 U.S. Bureau of Land Management 4.680 221EtW 0
0-25-20 21dbb- 1 U.S. Bureau of Land Management 5,000
0-25-20 32dbc- 1 U.S. Bureau of Land Management 5,240 7.0 225
0-25-21 2Oadd- 2 U.S. National Park Service 11-12-58 4,120 227NVJO 8.00 8.0 123 0 123
0-25-21 21bdc- 1 U.S. National Park Service 05-19-78 4.000 227NVJO 12.00 8.0 172 0 172

0-25-22 12aad- 1 Oevore, Kemeth 04-13-80 4,000 310Cn.R 4.00 4.00 233 40 233.0
0-25-23 18baa- 1 0' Pgnese, lJ:!nise 07-15-78 4.000 310Cn.R 6.00 6.00 166 35 40.0
0-25-23 20adb- 1 Deg1es. Robert 11-20-77 5·m 310CTLR 6.00 230 40 40.0
0-26-22 8bad- 1 Grand Co. Water Cons. District 06-))-80 4,2 227GLNC 610 0
0-26-22 8d:lb- 1 Dunkin, E. 07-25-83 4,520 227GLNC 5.5 6.63 460 0 100

0-26-22 8ctla- 1 Nonnan. L. 11-12-79 4.460 227GLNC 5.62 7.00 150 15 28.0
0-26-22 8ctla- 2 Haaland, Martin 07-17-85 4,440 227GLNC 5.88 4.5 188 0 188
0-26-22 9cXIc- 1 Nonnan, Robert R. 4,f:OO 227GLNC
0-26-22 14cba- 1 Nonnan, Robert R. 07-27-84 4.820 227GLNC 10.62 6.63 460 3 102
0-26-22 14d:x1- 1 Redd, Thanas 06-20-78 4.780 227GLNC 6.75 6.00 320 0 320

0-26-22 15acb- 1 Turvey. Paul 05-03-78 4,660 227GLNC 7.00 6.00 270 5 270
0-26-22 15acc- 1 Larsen. Ray 06-03-77 4.000 227GLNC 8.00 6.00 200 10 200
0-26-22 151:t>b- 1 Cochran, Jdm M. 08-17-77 4.560 227GLNC 6.00 5.50 250 0 236
0-26-22 15tx:c- 1 Magee. Oail 01-03-78 4,520 227GLNC 6.00 6.00 140 10 20
0-26-22 15bdb- 1 Grand Co. Water Cons. District 12-03-64 4,620 227GLNC" 8.00 6.00 160 2 20

0-26-22 15cca- 1 Day, Max 08-05-77 4.480 227GLNC 8.0 6.6 119 4 111
0-26-22 15daa- 2 City of Moab Well ttmDer 10 07-15-76 4,660 227GLNC 12.0 10.0 :m 0 :m
0-26-22 15dca- 1 City of Moab Well ttmDer 6 02-01-69 4,000 227GLNC 14.0 14.0 181 25 181
0-26-22 15d:lc- 1 Ci ty of Moab Well ttmDer 7 10-27-72 4,590 227GLNC 16.0 16.0 325 15 325
0-26-22 17aaa- 2 McConnick. Richard E. 03-15-81 4.460 227GLNC 8.8 10.8 180 1 16.0

0-26-22 17aba- 3 Oliver, Harold 10-21-62 4,320 227GLNC 7.0 7.0 100 0 100
0-26-22 22aab- 1 Ci ty of Moab Well ttmDer 4 05-18-61 4,580 227GLNC 12.0 12.8 100 16 63.0
0-26-22 22aab- 2 Ci ty of Moab Well ttJnDer 4A 10-00-72 4.580 227GLNC 16.0 222 222
0-26-22 22aac- 1 Ci ty of Moab Well ttJnDer 5 08-20-62 4.570 227GLNC 12.8 12.8 238 11 238
0-26-22 22abc- 1 Ri tchi e. Rd:lert 08-05-65 4,520 227GLNC 6.0 6.0 80 6 66

~0-26-22 22claa- 1 Brwtton. B. 04-))-69 4.000 227GLNC 12.0 12.0 200 18 150
0-26-22 22clad- 1 Ratt e. Paul S. 03-23-73 4.f:OO 227GLNC 8.0 8.0 110 0 87t-26

-
22 22dcd- 1 White. George M. 06-19-59 4.580 110ALVM 16.0 70 0

0-26-22 23tba- 1 City of Moab Well ttlnt>er 9 04-07-75 4.640 227GLNC 14.0 14.0 450 18 235
0-26-22 23cdd- 1 Grand Co. Water Cons. District 02-25-71 4.680 227GLNC 16.0 16.0 174 8 120

1'-2&-22 26acd- 1 Whitney, Susan 4,740 227GLNC
0-26-22 26dbc- 1 Axte11. Larry 04-25-79 4.700 110ALVM 6.0 6.0 235 0 234
0-26-22 26dbd- 1 Ci ty of Moab Well ttmDer 11 07-29-70 4.nO 227GLNC 16.0 14.0 210 140 190
0-26-22 26<Xla- 1 Jolly. James 00-00-75 4,740 227GLNC 5.0 5.0 220 0 156

(0-26-22 35ada- 1 Bull. L.W. 02-18-62 4.740 110ALVM 5.5 5.5 185 0 185

(0-26-22)35bdd- 2 Gallor. J. 04-01-63 4.740 110ALVM 6.0 6.0 247 0 247
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water wells

'awdown; °C. degrees Celsius; pS/cm. microsiemens per centimeter at 25 degrees Celsius; --. no datal

)rrison Formation; 221ENRD. Entrada Sandstone; 227GLNC. Glen Canyon Group; 227NVJO. Navajo Sandstone; 231WNGT. Wingate Sandstone;



'!he data discussed in the preceding paragraphs indicate that the Entrada
aquifer typically a:>ntains freshwater in and near outcrop areas of the Entrada
sandstone, but the water is hard to very hard. water in the Entrada aquifer
is moderately saline at two locations about 6 mdles north of the outcrop area,
and generally is more saline farther north of the outcrop area, where the
Entrada sandstone is more deeply buried (fig. 7). Based on this evidence,
fresh water in the Entrada aquifer probably is present only for a short
distance north of the outcrop area.

water fran the unnamed spring and Lost Spring near the eastern border of
Arches National Park, and fran well (D-24-20)19caa-l and Brink Spring near the
Moab fault was analyzed for the activity of radionuclides (table 5). The
activities of radium in water from Lost Spring and Brink Spring (0.19 pCi/L
and 0.15 pCi/L) were the tvx::> largest of 15 samples collected and analyzed in
the Grand County area; however, the activity was less than 5 percent of the
State of Utah primary drinking-water starrlard of 5.0 pCi/L. Alpha and beta
activities were about 10 percent or less of the State of Utah primary
drinking-water standards of 15 and 50 };Ci/L. Beta activities near the Moab
faul t, however, were about twice as large as those near the eastern border of
Arches National Park.

Jobin (1962, figs. 23 and 24) estimated values of hydraulic a:>nductivity
and transmissivity for the Entrada aquifer in the Grand County area. Jobin IS

estimate of hydraulic a:>nductivity ranged fran about 0.1 ft/d in the western
part of the area to rrore than 1.1 ft/d in the eastern ~art of the area, and
his estimate of transmdssivity ranged from about 50 ft Id in the western part
of the area to more than 150 ft 2Id in the eastern part of the area.

'!he Navajo aquifer

'!he Navajo Sandstone crops out extensively in the southern part of the
Grand County area. Principal areas of outcrop are in the southern part of
Arches National Park, east of Arches National Park along the Colorado River,
east of Spanish Valley in the Mill Creek drainage, west of Spanish Valley, in
and directly north of Canyonlands National Park, and in a large area about 10
to 15 miles north of Canyonlands National Park (pI. 2). '!he Navajo Sandstone
a:>ntains the Navajo aquifer. 'IWo water-su};ply wells in Arches National Park
are completed in the Navajo aquifer, and snall springs provide water fran the
Navajo aquifer for stock watering in several locations.

Recharge to the Navajo aquifer typically occurs by direct infiltration
of precipitation where the Navajo sandstone is at the surface or by indirect
infiltration of precipitation where the Navajo Sandstone is overlain by
unconsolidated deposits. Typically, the exposed surface of the Navajo
sandstone has small domes or knolls alternating with depressions, and the
depressions are enclosed drainages (fig. 4). Precipitat ion runs off the danes
or knolls and collects in the depressions, where it either evaporates or
infiltrates into the Navajo sandstone. The rate of recharge to the Navajo
aquifer probably is ruch larger where the formation is fractured or jointed.

Recharge is enhanced where the depressions in the surface of the Navajo
sandstone contain thick, una:>nsolidated deposits. '!he deposits typically are
erosional products of the formations of the Glen Canyon Group, are sandy, and
are capable of holding water in storage for infiltration into the Navajo
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sandstone. Freeze and Cherry (1979, p. 152) estimated the porosity of
nonindurated sands to be from 30 to 50 percent. Where water in the
unconsolidated deposits is more than about 10 feet below the surface,
evapotranspiration probably is insignificant, and most of the stored
precipitation recharges the Navajo aquifer. The rate of evaI;X)ration of water
fran unconsolidated sand decreases rapidly belCM a depth of about 6 feet belCM
the land surface to nearly zero at a depth of about 10 feet below the land
surface (Ripple and others, 1972). Movanent of water in the Navajo aquifer
generally is from recharge areas to canyons that cut through the Navajo
sandstone. Discharge of water from the Navajo aquifer by springs is not
concentrated in any part of the Grand County area, but may occur wherever
canyons cut through part of the thickness of the Navajo sandstone and the
Navajo sandstone is at the surface nearby.

Neck Spring [(D-27-19)22bbc-Sl] in Canyonlands National Park, is an
example of a large seep fran the Navajo aquife r (f i g. 12). At Neck Spr i ng ,
there are t~ horizontal bands of discharge, each at the bottan of a crossbed
set. 'Ihe seepage face on the largest band (the lower band) is about 350 to
400 feet long, and about 6 feet wide. The spring is recessed in an alcove
which faces generally north, and direct sunlight reaches it for only short
per iods on the longest days of the year. 'Ihe sites of largest discharge are
drips and, except for evaporation, discharge fran the entire seepage face is
probably less than 5 gal/min.

At many seeps, a large part of the discharge, and at sane seeps, all of
the discharge, is evaporated fran the canyon wall, and there is little or no
water on the wall. 'Ihe only evidence of ground-water discharge is a white,
sealy or powdery mineral residue, as near Buck Spr ing (fig. 13).

sandy unconsolidated deposits can playa role in the use of discharge
from the Navajo aquifer. An area of discharge fran the Navajo aquifer at the
head of a canyon at location (D-26-18)27abb is shown in figure 14.
Originally, ground water discharged into thick, sandy unconsolidated deposits.
A pipe had been installed in the unconsolidated deposits, and enough water
collected to supply a nearby stock tank. In an attempt to increase
production, the sandy unconsolidated material was rerroved, and explosives were
set off to fracture the Navajo sandstone. There presently are several drip:;
fran the vertical surface of the Navajo Sandstone, but because the sandy
unconsolidated material is no longer present, rrost of the discharge evaporates
and no water is suWlied to the stock tank.

Water samples were collected and analyzed fran two wells <XXTpleted in
the Navajo aquifer and five springs discharging fran the Navajo aquifer. The
dissolved-solids concentrations and major ion chemistry of the springs
reflect the distance of the sites fran recharge areas and the distance that
water has traveled in the aquifer.
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Figure 12.--Two seepage faces (arrows) above contacts between
crossbed sets in the Navajo Sandstone at Neck Spring, (0·27·19)
22bbc-S1.

Figure 13.--White mineral residue as evidence of discharge from
canyon wall near Buck Spring, at location (0·23·23)12d.
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Figure 14.--Seepage face (arrow) created by removal of unconsol
idated material at head of canyon, at location (0-26-18) 27abb.
Water from Navajo aquifer no longer recharges unconsolidated
material.

At Orig;>ing Spring [(Ir24-18)7aaa-Sl] and Neck Spring, the dissolved
solids concentrations were 135 mg/L and 102 mg/L, the water types were calcitm
bicarbonate and calcium magnesium bicarbonate, and the water was moderately
hard (table 4). '!he springs discharge fran the Navajo aquifer near where the
formation is recharged. The Navajo samstone is at the surface at both sites,
and the springs discharge fran canyon walls near the surface at contacts
between crossbed sets.

At Deep Cut Spring [(Ir26-22)14acc-51], the concentration of dissolved
solids was 171 mg/L, the water type was calcium magnesium bicarbonate, am the
water was hard (table 4). The area where water is recharged to the Navajo
aquifer may be several miles upgradient fran Deep Cut Spring, but the recharge
is from precipitation directly on the Navajo Sandstone or overlying sandy
unconsolidated deposits. '!he water type is similar to Dr ipping Spr ing and
Neck Spring, but the concentration of dissolved solids is larger am the water
is harder because of the longer flow path through the Navajo aquifer.

At Buck Spring and at an unnamad spring [(D-23-23)11dbc-Sl], dissolved
solids concentrations were 385 mg/L and 349 mg/L, the water types were calcium
sodium magnesium bicarbonate am magnesium calcium sodium bicarbonate, and the
water was very hard (table 4). '!he larger dissolved-solids concentration and
the presence of sodium may be due to either contamination of surface water by
novenent across the nearby younger SlIIIIerville am Morrison Formations prior
to recharging the Navajo aquifer, or by downward novenent of water fran toose
formations into the Navajo aquifer.
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Two water samples from a well completed in the Navajo aquifer at
location (D-24-18)12aca were collected and. analyzed during 1982 and 1983 (J.L.
Proffitt, written cx::mnun., 1983). Concentrations of dissolved solids in the
two sarrples were 210 rng/L and 360 ~/L. The water types were magnesium sodium
bicarbonate sulfate and magnesium sodium bicarbonate chloride sulfate.

Jobin (1962, figs. 20 and 21) estimated values of hydraulic oonductivity
and transmissivity for the Navajo aquifer in the Grand. County area. Jobin's
estimate of hydraUlic conductivity ranged from less than 0.4 ft/d in the
oortheast to about I ft/d in the southwest, and his estimate of transmissivity
ranged from nearly zero in the east where the formation pinches out to nearly
700 ft 2/d in the southwest.

Specif ic capaci ties of two water-suwly wells in Arches National Park
a:xrpleted in the Navajo aquifer were 1.7 (gal/min)/ft at well (Ir2S-21)2Qadd-2
and 14.5 (gal/min)/ft at well (D-25-21)21bdc-l (table 8). The specific
cap3city at well (D-24-18)25dba-l was 0.25 (gal/min)/ft (table 8).

The Wingate aquifer

The outcrop area of the Wingate Sandstone is small because the
overlying, less permeable Kayenta Formation is generally resistant to erosion,
and it caps the Wingate Sandstone in most places. The Wingate Sandstone
generally crops out in canyon walls and floors, and in places as narrow
benches at the tops of canyon walls. The Wingate Sandstone contains the
Wingate aquifer. The outcrop area of the Wingate Sandstone is shown on
plate 2.

Recharge to the Wingate aquifer generally oa:urs only where the Kayenta
Formation is either sufficiently perneable or sufficiently fractured to allow
downward movement of water through it fran the land surface, from the Navajo
aquifer, or fran unconsolidated material. Movement of water in the Wingate
aquifer is from areas of recharge toward canyons that alt through at least
p3rt of the Wingate sandstone.

The principal area of discharge from the Wingate aquifer oa:urs near
where M::lab Valley meets the Colorado River. Discharge from springs ranges
fran less than 10 gal/min at Matrinony Spring [(D-25-21) 26bdd-Sl] to about 240
gal/min at Skakel Spring [(D-2S-2I)3Saaa-SI]. One well completed in the
Wingate aquifer, (D-23-21) 27bcd-l, is used for water supply at Arches National
Park.

Evidence of discharge fran the Wingate aquifer in other areas includes
alooves formed in canyon walls, scaly or powdery mineral residue on canyon
walls, or phreatophytes graving on the floor of canyons cut into the Wingate
sandstone. Discharge fran the Wingate aquifer in severmile canyon at location
(Ir25-20)4d, as indicated by phreatOJ;tlyte grCMth on the canyon floor, is stx:>wn
in figure 15.

The concentration of dissolved solids in three water samples from
springs discharging fran the Wingate aquifer in the M::lab Valley-Co1orado River
area ranged from 161 to 174 mg/L, the water type was calcium magnesium
bicarbonate, and. the water was moderately hard to hard (table 4). Recharge to
the Wingate aquifer probably occurs nearby by downward movement fran the
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Figure 15.--Discharge from the Wingate aquifer into overlying
unconsolidated material in Sevenmile Canyon, at location
(D-25-20l4d. Discharge is evidenced by phreatophyte
growth on canyon floor.

Navajo aquifer. The area is on a liIrb of the Moab Anticline (plate 2); the
Navajo Sandstone is at the surface; and the Navajo sandstone am the Wingate
samstone, along with the intervening Kayenta Formation, are fractured and
faulted. The small concentrations of dissolved solids and the water type
indicate that recharge ocx::urs nearby.

The concentration of dissolved solids in water from well
(D-23-21)27bcrl-l, in Arches National Park, was 280 mg/L, the water tyPe was
magnesium sodium calcium bicarbonate, and the water was very hard (table 9).
'!he top of the Wingate sandstone is 765 feet below land surface at this site
and the recharge area is uncertain, but the flow path appears to be longer
than that in the Moab valley-<:Olorado River area.

Four water samples from a well completed in the Wingate aquifer at
location (Ir24-18)13caa were collected am analyzed during 1982 and 1983 (J.L.
Proffitt, private consultant, written camun., 1983). '!he well was converted
to an observation well from a uranium-exploration hole that was drilled by the
Tennessee Valley Authority. '!he nedian concentration of dissolved solids for
the four samples was about 45,000 mg/L, and the water type was sodium
chloride.
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The large concentration of dissolved solids in water from the well
located at (D-24-18)13caa is atypical for water in the upper ground-water
system in this area. South of the outcrcp area of rocks of younger age than
the Entrada sandstone, the concentration of dissolved solids in water samples
collected from several formations that are part of the upper ground~ater

systen ranged fran 102 to 2,570 rrg/L (fig. 7; tables 4 and 6). It is y;:ossible
that the unusually large concentration of dissolved solids in water in the
Wingate aquifer at location (D-24-18) 13caa is caused by upward movement of
water from the lower ground-water system or fran the Paradox Member of the
Hermosa Formation into the Wingate aquifer. Rush and others (1982; p. 12,
fig. 5) indicate that the potential for u};Mard leakage fran the lONer ground
water system to the upper grouoo-water system is present in this area, and
Feltis (1966, p. 54-56) reported dissolved solids concentrations larger than
100,000 rrq/L in water fran the lONer ground-water system and from the Paradox
Member near location (D-24-18)13caa.

Extrapolation of potentianetric contours of the two ground~ater systems
as determined by Rush and others (1982; pl. 2, fig. 15) indicates that the
y;:otentiometric surface in the lower ground-water system is about 200 feet
higher than that in the upper ground-water system at location (D-24-18)13caa
(fig. 16). Feltis (1966, p. 54-56) rey;:orted dissolved-solids concentrations
ranging from 160,000 to 230,000 rng/L in water from wells completed in the
lower ground-water system about 10 miles northwest of location (D-24-18)13caa,
and 300,000 rng/L in water from a well canpleted in the Paradox Member about 4
miles south of location (D-24-18)13caa.

Rush and others (1982, p. 12) iooicated that rroverrent of water fran the
lower grouoo~ater system to the uJ;per ground-water system could occur where
salt beds of the Paradox Member have been rerroved by solution or plastic flow,
or where faulting has caused the lONer aoo upper ground-water systems to be
juxtaposed, but these conditions are not known to exist near location
(D-24-18)13caa. Poorly plugged petroleunrtest or uraniunrtest holes that have
been drilled through the uJ;per ground-water system and into the Paradox Member
or the lONer ground-water system may provide pathways for movement of water
fran the lONer ground-water systen to the upper grouoo~ater system.

J.L. Proffitt (private consultant, written oammun., 1983) reported that
seven uraniunrtest holes were drilled into the top of the Paradox Member in T.
24 S., R. 18 and 19 E. One of these wells is located 0.5 mile from
(O-24-18)13caa, and another is located about 1.5 miles away from
(D-24-18)13caa. Proffitt reported that all of the holes were plugged and
abandoned; however, if plugging was not successful, these wells could provide
a pathway for water containing large concentrations of dissolved solids to
move upward from the Paradox Member into the Wingate aquifer and mix with
water fran the Wingate aquifer, resulting in water containing unusually large
concentrations of dissolved solids in the Wingate aquifer.

Jobin (1962, figs. 14 and 15) estimated values of hydraulic cooouctivity
and transmissivity for the Wingate cquifer in the Graoo County area. Jobin I s
estimate of hydraulic conductivity ranged fran about 0.1 ft/d in the north to
more than 0.4 ft/d in the south, and his estimate of transmissivity ranged
fran about 40 ft 2/d in the north to IIOre than 150 ft 2/d in the southwest.
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GRClJND-WATER CClIDITICNS IN THE GLEN CANYCN A(pIFER OF
'mE MILL CREEK-SPANISH VJIJ.ll!::l AREA

'Ihe Mill Creek-Spanish Valley area is located primarily in T. 26 and 27
S., R. 22 and 23 E. (fig. 17). 'Ihe area includes about 37 square miles in the
Mill Creek drainage and about 7 square miles in the Pack Creek drainage,
southwest of the Mill Creek drainage. The Entrada Sandstone and the
formations of the underlying Glen canyon Group (the Navajo Sandstone, the
Kayenta Formation, and the Wingate sandstone) are exposed in rost of the area
(fig. 18). East of the Mill Creek-Spanish Valley area, the Summerville and
the l-brrison Formations are exp:>sed.

In most of the Mill Creek drainage, the Entrada Sandstone and Glen
canyon Group dip to the west and southwest generally at less than 10 degrees
(fig. 18). In the western part of the Mill Creek drainage and in the Pack
Creek drainage, the geologic structure is roore a:xrplex. Spanish Valley is in
an eroded salt anticline (weir, Maxfield, and Hart, 1983, p. 13); the area is
faulted, and formations dip in various directions (fig. 18).

In the Mill Creek-Spanish Valley area, t~ Navajo and Wingate aquifers
probably are in hydraulic connection because the intervening Kayenta Formation
is mostly sandstone, and all three formations are jointed and fractured. The
Navajo Sandstone, the Kayenta Formation, and the Wingate sandstone form the
Glen Canyon Group, and in this area contain one aquifer, designated the Glen
canyon aquifer. In the eastern part of the area, the Entrada aquifer also
probably is in hydraulic connection with the underlying Glen canyon aquifer.
Areas of substantial discharge of ground water at the base of the Entrada
aquifer were not observed; thus, suggesting that discharge is likely from the
Entrada aquifer to the underlying Glen Canyon aquifer.

'Ihe Glen Canyon aquifer is the major consolidated-rock aquifer in the
Grand County area. Most of the water su};plied by the City of M)ab is fran
wells and springs discharging fran the Glen canyon aquifer, and the pr incipal
culinary water-su};ply well for the Grand County Water Conservancy District is
a:xrpleted in the Glen canyon aquifer.

Average annual precipitation in the Mill Creek-Spanish Valley area
ranges fran about 9 inches in the western part of the area near the mouth of
North Fork of Mill Creek, to about 16 inches in the eastern part of the area
near the eastern edge of the outcrop of the Entrada sandstone (fig. 17). May
September precipitation ranges fran less than 4 inches in the western part of
the area to rore than 6 inches in the eastern part. Precipi tat ion increases
with the altitude of the land surface: The altitude of the land surface
increases fran about 4,400 feet above sea level in the western part of the
area to about 7, 000 feet aoove sea level in the eastern part.
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Recharge, MJverrent, and Discharge

Most of the outcrop areas of formations in the Glen Canyon Group
probably receive same recharge. The surface of the outcrop generally has
small domes and knolls alternating with enclosed depressions, and the
depressions typically contain l()CGe saoo that has eroded from the outcrops.
Precipitation that falls on the knolls runs off into the depressions and is
retained there along with the precipitation that falls directly on the
depressions. Where the loose sand in the depressions is rrore than about 6
feet thick, it aids in retention of precipitation by reducing the evaporation
rate (Ripple and others, 1972). Additional recharge to the Glen Canyon
aquifer occurs by streamflav loss along SaTe reaches of Mill Creek.

In the Mill Creek-Spanish Valley area, the direction of rrovement of
water in the upper ground-water system is generally to the west and west
oorthwest (fig. 9). The Glen canyon aquifer is part of the l.If>I:er grourrl-water
systan. Ground water roves downdip and westward fran all parts of the outcrop
area where recharge occurs, to same reaches of Mill Creek and the N:lrth Fork
of Mill Creek and to Spanish Valley, where discharge occurs fran seepage,
springs, and wells.

In the Mill Creek-Pack Creek area, which is located in T. 26 S., R. 22
E. and is defined in figure 17, the direction of grouoo-water rrovement in the
Glen Canyon aquifer generally is to the west and southwest, in places
subperpendicular to the northeast canyon wall of Spanish Valley (fig. 19).
'!he direction of rrovement of water in the Glen Canyon aquifer is oblique and
in sane places nearly perpendicular to that of water in the unconsolidated
deI;Csits of Spanish Valley, as shown by Surrsion (1971, pI. 2).

In the Mill Creek-Pack Creek area, discharge from the Glen Canyon
aquifer occurs fran wells and springs. M::>st of the discharge occurs along the
northeast canyon wall of Spanish Valley in parts of sections 15, 22, arrl 23,
and is fran wells and springs owned by the City of Moab and the Grand County
Water Conservancy District. Fram 1978 to 1986, average annual discharge fran
wells and springs owned by the tv.o municipal water suppliers was about 2,000
acre-feet per year (fig. 20). In addition, about 200 acre-feet is discharged
fran privately owned danestic wells and springs. The total discharge from
municipal wells and springs increased by about 40 percent fran 1983 through
1986 as shavn in figure 20. Spring discharge increased by about 200 percent,
and well discharge decreased about 20 percent.

Streamflav gain-loss studies were conducted on Mill Creek and on the
North Fork of Mill Creek during October 1985, to determine areas and
approximate quanti ties of recharge aoo discharge along the streams (f ig. 17;
tables 9 and 10). In the follaving analysis, the streams were at or near base
flaY, and the values of instantaneous streamflow, in cubic feet per second,
were converted to annual discharge, in acre-feet per year, by multiplying the
instantaneous streamfla.v by 723.97. Gains and losses are re:fCrted in tenns of
streamflow; therefore, an increase in streamflow is equal to grouoo-water
discharge, or loss of water from the Glen Canyon aquifer. Conversely, a
decrease in streamflow is equal to ground-water recharge, or gain of water to
the Glen Canyon aquifer.

51



o 0.5 1 MILE

01-1---0"T~-5- ........' -"-i-K-IL-O-M-E-T.....lE~

EXPLANATION

----- NORTHEAST CANYON WALL OF SPANISH VALLEY

T. 26 S.

\

23

109°30'

0
0
cry
'to

8 e

~. 9 10

e/-

ARROW INDICATES APPROXIMATE DIRECTION
OF GROUND-WATER MOVEMENT

WELL••
-4,550- POTENTIOMETRIC CONTOUR--Shows approximate

altitude at which water level would have stood in
tightly cased wells, 1986-87. Contour interval 50
and 100 feet. Datum is sea level

Figure 19.--Approximate potentiometric surface and direction of movement of water in
the Glen Canyon aquifer in the Mill Creek-Pack Creek area, 1986-87.

52



'98-8L6~ 'eaJe Aalle/\ 4s!uedS->taaJ:::> II!VII a4l u! a5Je4os!p 5upds pue lIaM led!o!UnVII--'Ol aJn5!::!

S113,\\ 'Vdl~INn~ m;m
S~NI~dS 1Vdl~INn~ rza

996~ S96~ v96~ £96~ Z96~ ~96~ 096~

~::=~..?;:;~»;~~~;
',«;-.-:.y~~....~~:
~#~-t.1#~l
::".(f/j~,,-:*;::"~
~:':~:;~:':i:.:-:;q-,:::
~~~~~::~;:~~
~~;~:~ ..:."",:-~~,
::~~:~::~~::::-:".::..~~::
'~:':'::':l*'x,'?:~
;':~...:'..:-:~: •.:=:~.
~.:'..•~.:-''':.;::':::';:..'
:i~~~~~~~~~::
i·::~,:~:~:~~:::::;~:::
i:*:~~:%~::
f.:.:'-:':::?-::@~
~:.~::;:~:-'::.~~.;~:

~;~~~~.1-:,,~:?~
~:X"=-~::'=:~:Z::::~
:~:~~::~;:~:~~;;:::;~,

tf;i"t~1;..;.~..../.,.,...",~.'
~$~*?~';-=-;:;::~
~~~~m;:··,-7'-: ,.; :~q;
,.~..; 'y'"J ~

6L6~

~.;::;:;.'-~~::~~~:~.
,:t-?~···..~f}.';·~
~tyit·~~;;?~:;::......:-:.*.,...:"..:
~*:~;;~:~}:~:~:

~IKin$J
:·:·:~"'r",;::·;};(o:
~·;"·~.~7..;,,.;J:~· .
~~7./}.:~~:~~
~~~.!;:~t~~:~~~
;:~',.::::~~~:-,~~:
~~~~:~'::~:::::,
.~,•.,;:e.....,,~
;.:~~~~:~;r~~~
~~::··::;···:~::~~xj

I

9L6~
o

OOS

OOO'l

OOS'l

OOO'~

OOS'~

000'£

»
zz
c»
r
o
(J)
n
::::L»
:;0
G'>
,."..
z
l;;
:;0
M
I

""T1
M
,."
-t

M
LO



Table 9. -MiscellaI'R)uS StreamflCM mea.su.renE11ts in Mill Creek
and at points of tributary inflow

[Abbreviations used in headings: fe /s, cubic feet per second;
acre-ft/yr, acre-feet per year]

Measure- Miles rate Discharge
ment site doonstrearn
(fig. 17) fran rc- 1 (ft 3/s) (acre-ft/yr)

MC-l 10-21-85 10.20 7,384
MC- 2 0.2 do. 10.55 7,638
MC- 5 3.4 do. 13.14 9,513
MC-6 3.7 do. 13.46 9,745
MC-7 3.9 do. 12.66 9,165
MC- 8 4.1 do. 3.99 2,889
MC- 9 4.8 do. 3.44 2,490
MC-l0 5.5 do. 3.53 2,556
MC-ll 6.4 do. 3.44 2,490
MC-12 7.5 do. 3.52 2,548
MC-13 8.4 do. 3.85 2,787
MC-14 9.4 do. 3.47 2,512
MC-15 9.9 do. 3.21 2,324
MCl'-1 do. 0.32 232
MC-16 10.2 do. 3.58 2,592
MC-17 11.2 do. 3.45 2,498
MC-18 11.9 do. 3.33 2,411
MC-19 12.7 do. 3.09 2,237
NF-13 do. 3.73 2,700
MC-20 12.8 do. 6.90 4,995
MC-21 13.1 do. 7.18 5,198

MC- 5 3.4 10-23-85 13.03 9,433
MC-6 3.7 do. 12.80 9,267
MC-7 3.9 do. 11.90 8,615

MC-l 10-24-85 9.27 6,711
MC-3 1.0 do. 8.97 6,494
MC-4 2.2 do. 9.90 7,167
MC- 5 3.4 do. 10.42 7,544

MC-21 13.1 10-14-86 6.74 4,880
MC-22 13.4 do. 6.41 4,641
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Table 10.--Miscellaneous streamflow ITeasUIements in the
North Fork of Mill Creek and at points of tributary inflow

[Abbreviations used in headings: ft 3/s, cubic feet per second;
acr~ft/yr, acr~feet per year]

Measure- Miles rate Discharge
rrent site dCMnStream
(fig. l7) fran NF- 1 (fe/s) (acr~ft/yr)

NF-1 10-24-85 0.42 304
NFT-1 do. .34 246
NF-2 0.1 do. .76 550
NF- 3 .3 10-22-85 l.01 731
NF-4 .5 do. l.17 847
NF- 5 1.1 10-23-85 1.32 956
NF-6 1.4 do. 2.18 1,578
NF-7 2.0 do. 3.03 2,194
NF-8 2.5 do. 2.66 1,926

10-22-85 2.76 1,998
RC-1 do. .13 94
NF-9 2.6 do. 2.80 2,027
NF-10 4.7 do. 3.19 2,309
NF-l1 5.6 do. 3.21 2,324
NF-12 6.5 do. 3.28 2,375
NF-13 6.6 10-21-85 3.73 2,700

water discharges fran oonsolidated rock to Mill Creek in the eastern
part of the Mill Creek-spanish Valley area. In the 3.4 stream miles between
sites M;:-l arrl Me-5 (fig. 17; table 9), streamflow in Mill Creek increased by
about 2,100 acre-ft/yr on October 21, 1985, and about 800 acre-ft/yr on
OCtober 24, 1985. In the next 0.5 stream mile, between sites MC-5 and MC-7,
the flow in Mill Creek decreased by about 350 acr~ft/yr on october 21, 1985,
and decreased by about 800 acr~ft/yr on october 23, 1985. '!he net discharge
from bedrock between sites Me-I and M;:-7 ranged from 0 to 1,750 acre-ft/yr.

'!he streamflow in Mill Creek is affected by the Sheley diversion between
si tes MC-7 and MC-8. The decrease in streamflow between these two sites
primarily is a result of the diversion of streamflow and not the loss of
streamflow to the ground-water system. sane streamflow may be gained fran or
lost to the ground-water system between MC-7 and Me-8, but the amount is
unknown. Downstream fran the Sheley diversion, in the 8.6-mile reach between
sites M;:-8 arrl Me-l9, streamflow in Mill Creek decreased by about 650 acre
ft/yr (table 9). Water fran Mill Creek recharges the grourrl-water system in
this reach.

Ground water discharges to the North Fbrk of Mill Creek throughout nost
of its reach, and rrost of the discharge occurs in the upper reaches of the
North Fork. In the 2.4 stream miles between sites NF-2 and NF-8, streamflow
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increased by about 1,400 acre-ft/yr (table 10). In the next 4 stream miles,
between sites NF-9 am NF-12, streamflCM increased about 350 acre-ft/yr. The
total streamflow in the North Fork is about 2,700 acre-ft/yr, am this aIOClUnt
is equal to discharge fran the Glen canyon aquifer.

'!he total increase in streamflCM, or ground-water discharge, in the Mill
Creek drainage ranged fran about 2,050 to about 3,800 acre-ft/yr--from about
-650 to about 1,100 acre-ft/yr in Mill Creek am about 2,700 acre-ft/yr in
North Fork. The combined annual discharge to streams in the Mill Creek
drainage and discharge from springs and wells in the Mill Creek-Pack Creek
area, then, is 4,200 to 6,000 acre-ft.

Agyifer Characteristics

'!he City of Moab well field is located on the limb of the salt anticline
in which Spanish Valley is located. Near the well field, the Glen canyon
a:;{Uifer is faulted (fig. 18), and the fractures in the Glen Canyon aquifer
were observed in the field. Springs discharge fran the Glen Canyon a:;{Uifer in
the well field. These geologic and hydrologic conditions could result in
anisotropic conditions caused by fractures, impermeable bourrlary comitions
caused by faults, or recharge boundaries caused by springs.

In order to determine whid1. of these comitions are present in the Glen
canyon aquifer, and in order to estimate whid1. conditions might daninate, an
8-day aquifer test was conducted in the City of Moab well field. One
discharging well and seven observation wells were used in the test. The
discharging well was City of Moab well number 6, (D-26-22)15dca-1.

Plots of the drawdQID data fran each well did not fit standard drawdown
curves. Plots of data from the discharging well and four observation wells
shCMed excess drawdown at late time, imicating the presence of impermeable
boundaries. Plots of water-level data fran t\l.O observation wells sh:>wed no
drawd::>wn, also imicating impenneable boundaries.

Specific-capacity values were reported for 14 wells cnrpleted in the
Glen Canyon a:;{Uifer and inventoried in the Mill Creek-Spanish Valley area.
The values ranged fran 0.25 to 167 (galjmin)/ft (fig. 21: table 8), am the
median value was 12.5 (gal/min)/ft. The wide range of values also suggests
that iIrpermeable bourrlaries are present in the Glen canyon aquifer.

At well (D-26-22)26dbd-l, the specific capacity was 167 (gal/min)/ft,
roc>re than twice as much as at any of the other 14 wells. At this well, the
saturated Glen Canyon a:;{Uifer is overlain by 36 feet of saturated valley fill.
'!he valley fill nay be hydraulically connected to the Glen Canyon a:;{Uifer, am
nay contribute to the relatively large specific capacity of the well.

The above evidence iooicates that in the City of Moab well-field area,
the Glen Canyon Group is structurally complex, and that aquifer
characteristics of the Glen Canyon aquifer vary considerably in short
distances. '!he value of aquifer characteristics of the Glen Canyon a:;{Uifer at
any given location can be accurately estimated only by site-sPecific
investigation.
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storage and Water Levels

The total quantity of water stored in the Glen canyon aquifer in the
Mill Creek-Spanish Valley area is unknown because water levels are only
available in the Mill Creek-Pack Creek area, and the thickness of the aquifer
is not well knoon in any part of the area. Available water levels, however,
indicate substantial variations in storage with time in the City of Moab well
field. <l:>servations about variations in storage with tiItE include: (I) Water
levels were lower in 1987 than in 1961 and 1962, (2) water levels declined
from the early 1960's to about 1979, and then rose through 1987, (3) there is
a correlation between precipitation and water levels, and (4) there is
substantial drawdown during the sumner pwnping season and subsequent recovery
during the fall and winter. Water levels for selected wells in the City of
~ well field are shoon in table 11, and hydrographs for these wells are
shoon in figure 22.

Data fran City of~ well numbers 4 and 5 indicate that 1987 water
levels were lower than those of 1961 and 1962. '!he January 1987 water level
was about 11.6 feet lower in well nurrber 4 and 1.4 feet lower in well number 5
(table II). Data fran well numbers 5,7, and 10 indicate that water levels
declined between the early 1960's and about 1979, and rose fran about 1979 to
the present (1987). In well number 5, the water level declined between 1962
and 1979; in well nurrber 7, the water level declined between 1972 and 1979;
and in well number 10, the water level declined between 1976 and 1979. The
decline in water level in well number 10 between 1976 and 1979 indicates that
the lowest water level occurred after 1976, but there are no water-level data
available between 1976 am 1979 or between 1979 and 1985 to detennine in what
year water-level declines ceased, and water levels began rising.

water levels in wells 5, 7, and 10 rose about 15, 37, and 35 feet,
respectively, between January 1979 and January 1986, and the water level in
well 9 rose about 24 feet between ~tober 1978 and January 1986. The large
rises between 1978 or 1979 and 1986 suggest that water levels began rising
considerably before 1985, and possibly as early as about 1979. Between
January 1986 and January 1987, the rise in water levels in wells 4, 5, 7, am
10 ranged fran about 1.4 to 3.0 feet, and between March 1986 and March 1987,
the rise in the water level in well 9 was about 3.5 feet, indicating that the
trend in rising water levels continued fran 1986 to 1987.

Precipi tation at the Moab Airport was larger than nonnal in every year
between 1977 and 1986 except 1982 and 1985, and it was several inches above
normal in 1978, 1980-81, 1983-84, and 1986 (fig. 6). The period of rise in
water levels roughly correlates to the period of larger-than-normal
precipi tation, and the time correlation suggests that ground-water levels in
the area resp::>nd fairly rapidly to changes in annual precipitation.

Water-level recovery from seasonal pumping in the City of Moab well
field has been documented for three seasons: 1978-79, 1985-86, and 1986-87
(fig. 22; table 11). Water-level increases in wells 5,7, and 10 ranged from
5 to 18 feet between October 1978 and January 1979. Water-level increases in
wells 4, 5, 7, and 10 ranged fran about 1.6 to 6.9 feet between septanber 1985
and January 1986; and from about 2.9 to 7.3 feet between August 1986 and
January 1987. The water-level recovery period normally extends into April
when seasonal pnrping begins, but the previously-discussed aquifer test was
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Table 11.--Water levels in selected observation wells

Well m.rrtler: See "NuntleriO':l system for hydrogeologic-data sites", p. 5 and fi9Jre 2.
Altitude of well: Altitude of land surface, in feet above sea level; altitudes interpolated fron U.S. Geological Survey

topogra~*li c maps.
Water level: Measured water level, in feet below land surface.

(D-26-22)l5daa- 2
City of Moab well rumber 10
Altitude of well: 4,640 feet

Date Water level Date Water level Date Water level Date Water level
07/15/76 146.00 10/01/78 174.00 01/01/79 160.00 08/15/85 132.66
00/27/85 131.16 10/29/85 129.14 11/27/85 127.40 12/28/85 125.95
01/16/86 125.29 01/24/86 125.02 01/28/PfJ 124.70 02/14/86 127.46
03/26/86 127.14 04/29/86 125.61 05/31/PfJ 126.34 06/22/86 127.47
07/27/86 128.41 08/31/86 128.47 oo/30/PfJ 127.31 11/04/86 125.64
01/10/87 122.31

(D-26-22)l5ddc- 1
City of Moab well rumber 7
Altitude of well: 4,600 feet

Date Water level Date Water level Date Water level Date Water level
10/27/72 68.00 10/01/78 88.00 01/01/79 70.00 08/15/85 41.64
00/26/85 40.32 10/28/85 37.20 11/27/85 35.43 12/28/85 34.00
01/16/86 33.40 01/24/86 33.11 Ol/28/PfJ 32.83 02/14/86 35.69
03/26/86 36.84 04/29/86 34.32 07/27/PfJ 38.74 08/31/86 37.79
00/30/86 35.52 11/04/86 33.94 01/10/87 30.50

(D-26-22)22aab- 1
City of tobab well l1.lIlber 4
Altitude of well: 4,500 feet

Date Water level Date Water level Date Water level Date Water level
05/18/61 16.00 03/01/69 31.00 00/26/85 35.33 10/28/85 32.92
11/27/85 31.17 12/28/85 29.79 01/16/PfJ 30.11 01/23/86 29.62
01/28/86 28.66 01/31/86 31.64 02/05/PfJ 34.52 02/10/86 32.03
02/15/86 31.38 02/20/86 30.73 02/25/PfJ 30.29 02/28/86 30.46
03/05/86 ll.46 03/10/86 30.84 03/15/85 30.39 03/20/86 30.68
03/25/86 31.36 03/26/86 31.00 03/31/PfJ 31.28 04/05/86 30.34
04/10/86 ll.51 04/15/86 30.48 04/20/PfJ 30.31 04/25/86 31.56
04/30/86 29.77 05/05/86 3O.ll 05/10/85 30.12 05/15/86 31.70
OS/20/86 3).46 OS/25/86 30.42 05/31/PfJ 33.99 06/05/86 34.25
()j/10/86 32.66 06/15/86 32.27 06/20/PfJ 32.20 06/25/86 32.45
00/30/86 33.32 07/05/86 36.52 07/10/00 33.63 07/15/86 33.09
07/20/86 34.47 07/25/86 33.11 07/31/ffi 33.56 08/05/86 34.43
00/10/86 33.86 08/15/86 33.49 08/20/PfJ 33.87 08/25/86 34.32
00/31/86 33.50 oo/rh/86 32.96 00/10/PfJ 32.46 09/15/86 32.74
00/20/86 36.16 00/25/86 32.38 oo/30/PfJ 31.34 10/15/86 30.52
10/20/86 3).05 10/25/86 31.94 10/31/ffi 30.43 11/04/86 29.65
01/06/87 27.63 01/07/87 27.63 01/08/87 27.54 01/00/87 27.57
01/10/87 27.63 03/11/87 26.94

(D-26-22)22aac- 1
City of tobab well l1.lIlber 5
Altitude of well: 4,500 feet

Date Water level Date Water level Date Water level Date Water level
ffi/20/62 1.00 10/01/78 24.00 01/01/79 19.00 08/16/85 6.39
00/26/85 6.87 10/28/85 5.23 11/27/85 4.53 12/28/85 4.05
01/16/86 3.82 01/24/86 3.72 01/28/PfJ 3.65 02/14/86 3.79
03/26/86 3.99 04/29/86 3.84 05/31/86 5.59 06/22/86 5.49
07/27/86 5.16 08/31/86 5.29 oo/30/PfJ 4.40 11/04/86 3.24
01/10/87 2.41
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Table 11.-water levels in selected observation ~ls-COntinued

(D-26-22)23>ba- 1
City of Moab well runtJer 9
Altitude of well: 4,720 feet

Date Water level Date Water level Date Water level Date Water level
04/07/75 32.00 10/01/78 40.00 00/26/f¥5 17.91 10/28/85 17.31
11/27/85 16.97 12/28/85 16.54 01/16/ffi 16.32 01/25/86 18.83
01/28/86 16.12 01/31/86 15.91 02/05/PiJ 15.90 02/10/86 15.96
C1l./15/86 15.81 02/2fJ/86 15.00 02/25/Pb 15.89 02/28/86 15.80
03/05/86 15.74 03/10/86 15.52 03/15/PiJ 15.57 03/20/86 15.84
03/25/86 15.49 03/31/86 15.44 04/05/PiJ 15.45 04/10/86 15.29
04/15/86 15.24 04/2fJ/86 15.33 04/25/Pb 14.99 04/30/86 15.16
00/05/86 14.96 05/10/86 15.00 05/15/PiJ 15.03 OS/20/86 14.86
00/25/86 14.96 05/31/86 14.78 O6/05/Pb 14.76 06/10/86 15.00
06/15/86 14.77 06/2fJ/86 14.77 06/25/Pb 14.80 06/30/86 14.74
07/05/86 14.71 07/10/86 14.ffi 07/15/PiJ 14.70 07/20/86 14.68
07/25/86 14.62 07/31/86 14.54 08/05/PiJ 14.50 08/10/86 14.51
00/15/86 14.43 08/2fJ/86 14.49 08/25/PiJ 14.38 08/31/86 14.28
09/05/86 14.26 09/10/86 14.17 09/15/PiJ 14.09 00/20/86 14.06
09/25/86 13.94 09/~/86 13.91 03/11/87 12.10

conducted in January and February 1986, am pumping during the test disrupted
the oormal recCII/ery of water levels during that period. Drawdown of water
levels due to pumping in wells 4, 5, 7, am 10 ranged fran about 1.5 to 4.4
feet between January 16, 1986, when the aquifer test began, and August 31,
1986, which was about the end of the pumping season.

Chemical ().lality

Water samples fran 15 wells and 4 springs were analyzed to determine
water-quality characteristics of the Glen canyon aquifer in the Mill Creek
Pack Creek area (table 4). The concentration of dissolved solids ranged fran
150 to 674 mg/L. '!he cation type in all of the sanples was calcium magnesium,
but the anion type varied fran bicarbonate to bicarbonate sulfate to sulfate
bicarbonate, and the ratio of'milliequivalents of bicarbonate to sulfate
ranged from 12.9:1 to 0.5:1. The shift in anion type fran bicarbonate to
sulfate bicarbonate, the increase in concentration of dissolved solids, and
the decrease in the ratio of bicarbonate to sulfate all occurred fran the
oorth and east to the south and west (figs. 23 am 24).

In T. 26 S., R. 22 E., section 26, the chemistry of water is
representative of the Glen canyon aquifer where it is overlain by saturated
valley fill. In the Glen canyon aquifer, the water type is calcium magnesium
sulfate bicarbonate, the disso1ved-solids ooncentration of the water is larger
than 400 mg/L, and the bicarbonate-tcrsulfate ratio is less than one. Water
in several wells completed in the valley fill has similar chemical
characteristics (figs. 23 and 24; table 4). These observations suggest that
the valley fill and the underlying Glen Canyon aquifer are hydraulically
oomected.
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Figure 22.--Hydrographs of wells in the City of Moab well field.
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Figure 22.--Hydrographs of wells in the City of Moab well field--Continued.

In sections 8, 9, 14, and the northern part of 15, north of the
oortheast canyon wall of Spanish Valley, the chemistry of water fran the Glen
canyon aquifer where it is not overlain by valley fill is similar to that of
water in the Glen canyon aquifer near the recharge area to the east. The
water type is calcium magnesium bicarbonate, the dissolved-solids
concentration of the water is about 150 mg/L [about 200 mg/L at well
(D-26-22)8bad-l], and the bicarbonate-to-sulfate ratio is more than about
three. '!hese dlaracteristics are typical of ground water in recharge areas
(Freeze and Cherry, 1979, p. 241-244).

'!he spatial variation in the water-quality characteristics in the Glen
canyon aquifer probably results fran mixing of groom water fran the valley
fill in Spanish Valley with water from the Glen Canyon aquifer. Sumsion
(1971, pl. 2) indicated that water in the valley fill in Spanish Valley
generally roves down-valley fran southeast to oorthwest, in a direction nearly
parallel to the canyon walls on the sides of Spanish Valley (the deviations
fran this direction in T. 26 S., R. 22 E., sections 15 and 22, are because the
water-level contours in that area are based in part on water levels in the
Glen Canyon aquifer, rather than solely on water levels in the valley fill).
Water in the Glen Canyon aquifer ROVes west and, in sate areas, southwest as
shCMIl in figure 19. Water fran the two sources oonverges and mixes along the
oortheast canyon wall of Spanish Valley and west of the canyon wall.
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overlying valley fill in the Mill Creek-Pack Creek area.
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SPRING--Letters indicate major anion type: HC0.3' bicarbo
nate; S04' sulfate. Number is ratio of millieqUivalents of
bicarbonate to milliequivalents of sulfate
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Figure 24--Anion chemistry of water from the Glen Canyon aquifer and from overlying
valley fill in the Mill Creek-Pack Creek area.
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The proportion of water fran the two sources dictates the water~lity

dlaracteristics of water being pwnped in sections 15 and 22, in the eastern
part of Spanish Valley. Water withdrawn in the oorth half of section 15 has
water-quality characteristics similar to those of water in the Glen Canyon
aquifer to the east. Water withdrawn in section 22, just to the south of
section 15, has water-quality characteristics similar to water fran the valley
fill aquifer to the southeast (f{g. 23). The gradual decrease in the
bicarbonate-to-sulfate ratio fran 3.0 or greater in sections 8, 9, 14, and the
oorthern half of 15, to less than 1.0 in sections 26, 35, and the western half
of 22 (fig. 24) also show this gradual mixing of the two different water
types.

A change in water quality with time was observed at City of Moab well
nurrber 6. Fran 1978 to 1986, average annual discharge fran the well was about
500 acre-ft/yr. Specific conductance was 268 ~S/cm (microsiemens per
centimeter at 25 degrees Celsius) in March 1969 and 360 ~/cm in August 1985
(table 4)~ ha.vever, specific conductance decreased fran 360 to 290 ~S/cm from
August 1985 to January 1986.

Specific conductance was measured in well number 6 during January and
February 1986 when the well was being pumped as part of an aquifer test.
During the aquifer test, specific conductance was 290 ~/cm after 20 minutes
of pumping at about 1,670 gal/min, and increased to 3~5 ~S/cm after about 2
1/2 days of pmping at about the same rate. This increase is aboot 60 percent
of the increase observed between March 1969 and August 1985.

The small difference in specific conductance between March 1969
(268 ~S/cm) and January 1986 (290 ~/cm) irrlicates that long-term changes in
water quality at the well site are minimal. The March 1969 sample was
collected at the beginning of or possibly prior to the pumping season, arrl the
August 1985 sanple was collected during the p.mping season. The differences
between 1969 and 1985 sanples are probably attriootable to seasonal pmping.
seasonal pumping may change the proportion of water entering the well fran the
Glen Canyon aquifer and fran ground water roving dCMn Spanish Valley.

The Grand County area is located in southeastern utah, and includes
about 3,980 square miles in Grand County, the Mill Creek and Pack Creek
drainages in San Juan County, and the area between the Colorado and Green
Rivers in San Juan Coonty. '!he principal consolidated-rock aquifers in the
Grand County area are the Entrada, Navajo, and Wingate aquifers in the Entrada
Sandstone, the Navajo Sandstone, and the Wingate sandstone. The Glen Canyon
aquifer in the Glen Canyon Group is the pr incipal consolidated-rock aquifer in
the Mill Creek-Spanish Valley area. The Glen Canyon Group is a:xrprised of the
Navajo Sandstone, the Kayenta Formation, and the Wingate Sarrlstone. '!he Glen
Canyon aquifer is used only in the Mill Creek-Spanish Valley area. Elsewhere
in the study area, the separate Navajo arrl Wingate aquifers are used. Other
consolidated-rock units knCMn to yield water in the Grand County area are the
Parachute Creek Member of the Green River Formation, the wasatch Fbrmation,
the cedar M:>untain Formation, the Brushy Basin Shale and salt Wash Sandstone
Members of the Morrison Formation, the White Rim Sandstone Member of the
CUtler Formation, and the undifferentiated Cutler Fbrmation.
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Spr ings discharge fran the Parachute Creek Manber of the Green River
Formation and fran the Wasatch Fonnation in outcrop areas north of the Book
Cliffs, in the northern part of the Grand Coonty area. The springs discharge
at rates ranging fran less than I to about 20 gal/min, and the water is fresh;
concentrations of dissolved solids are about 600 mg/L or less.

water fran springs and flowing wells discharges fran the Cedar Mountain
Formation and the Brushy Basin Shale and salt Wash sandstone .MenDers of the
M:>rrison Formation in an outcrcp band south of the Beck Cliffs, and water fran
one spring discharges fran the salt wash Member of the Morrison Formation on
the lower flanks of the La sal Mamtains. Discharge rates typically are less
than 1 gal/min. The water is slightly saline; concentrations of dissolved
solids range fran about 1,000 to 1,500 mg/L.

Wells are completed in and springs and seeps discharge fran the White
Rim Sandstone Member of the Cutler Formation in and north of canyonlands
National Park. Water fran wells typically is slightly saline, and water fran
springs and seeps is fresh.

About 30 wells are canpleted in the umifferentiated Cutler Fonnation
along the west side of Castle Valley. Measured specific capacity of the wells
ranged from less than 0.01 to 4.0 (gal/min)/ft of drawdown. Five wells
produced fran 20 to 40 galjrnin for 2 hours witlx:>ut measurable drawCbwn. Water
in three sampled wells was slightly saline to saline; concentrations of
dissolved solids ranged fran 1,420 to 3,450 rrg/L. Water from the wells also
had concentrations of selenium that exceeded the State of Utah primary
drinking-water staroard of 10 1J.9/L.

The Entrada Sandstone, the Navajo Sarostone, am the Wingate Sandstone
crcp out extensively in the southern one-third of the Grand County area:
however, few wells have been completed in these aquifers. Characteristics
typical of springs in the Entrada, Navajo, and Wingate aquifers are: (1)
Discharge is less than 5 gal/min, (2) concentrations of dissolved solids in
the water are less than 200 rrg/L, (3) the water tyPe is calcium bicarbonate or
calcium magnesium bicarbonate, am (4) the water is rroderately hard to hard.
Springs with larger discharge rates are present near the intersection of the
Coloraoo River am Moab Valley.

In the Mill Creek-Spanish Valley area, the Navajo sandstone, the Wingate
sandstone, and the intervening Kayenta Formation, which canprise the Glen
canyon Group, a:xrbine to form the Glen canyon aquifer. Most of the recharge
to the Glen canyon aquifer in the area occurs in the outcrop area of the Glen
canyon Group east of Spanish Valley. M:>verrent of ground water generally is
westward and southwestward toward Spanish Valley, and much of the water rooves
toward the City of Moab well field.

'!be principal area of discharge fran the Glen canyon aquifer in the Mill
Creek-Spanish Valley area occurs in and near the City of Moab well field,
along the northeast canyon wall of Spanish Valley. Near the well field,
average annual discharge fran rrunicipal wells and springs between 1978 and
1986 was about 2,000 acre-ft/yr. Several wells in the area have discharge
rates that exceed 1,000 gal/min, am t~ springs in the area have discharge
rates that exceed 300 gal/min.

66



Water levels in the Mill Creek-Pack Creek area declined between the
early 1960's and about 1979, and then rose as much as 39.5 feet from 1979
through 1987. Precipitation was consistently above oonnal from 1977 through
1986, and it appears that the larger-than-oormal quantity of precipitation is
a contributing factor to the rise in water levels. water levels fluctuate
seasonally in response to p.mping in the City of Moab well field. Between
August 1986 and January 1987, reoovery from seasonal pumping ranged fran about
2.9 to 7.3 feet.

Water-quality characteristics typical of water in the Glen Canyon
aquifer are: (1) COncentrations of dissolved solids are between 150 and 220
rng/L, (2) the water type is calcium magnesium bicarbonate, and (3) the water
is hard. west am south of the City of Moab well field, concentrations of
dissolved solids and sulfate increase because an increasingly larger
proportion of the ground water is derived from valley-fill deposits to the
southeast, in Spanish Valley, and a smaller proportion is derived fran the
Glen Can~n aquifer.
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