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CONVERSION FACTORS

Most values in this report are given in inch-pound units followed by
metric units. The conversion factors are shown to four significant figures.
In the text, however, the metric equivalents are shown only to the number of
significant figures consistent with the accuracy of the value in inch-pound
units.

Unit
Inch-pound

Abbreviation Unit
Metric

Abbreviation

(Mul tiply)

Acre

Acre-foot

Acre-foot
per year

Cubic foot
per second

Foot
Foot per day
Foot per mile
Foot squared per

day
Gallon per day

per foot
Gallon per

minute
Inch

Inch per hour
Mile
Pound per square
inch

Square mile

acre-ft

acre-ft/yr

ft3 /s

ft
ftld
ft/mi
ft2 /d

(gal/d)/ft

gal/min

in.

in./hr
mi
Ib/in2

(by)

0.4047
0.004047
0.001233

1233
0.001233

0.02832

0.3048
0.3048
0.1894
0.09290

12.42

0.06309

25.40
2.540

25.40
1.609
0.07031

2.590

(to obtain)

Square hectometer
Square kilometer
Cubic hectometer
Cubic meter
Cubic hectometer

per year
Cubic meter per

second
Meter
Meter per day
Meter per kilometer
Meter squared per

day
Liter per day per
meter

Li ter per second

Millimeter
Centimeter
Millimeter per hour
Kilometer
Kilogram per square

centimeter
Square kilometer

hm2

km2

h~3
m
hm3/yr

m3/s

m
mid
m~km
m Id

(L/d)/m

Lis

mm
cm
mm/hr
km
k/cm2

km2

Chemical concentration and water temperature are given only in metric
units. Chemical concentration is given in milligrams per liter (mg/L) or
mi crograms per liter (]Jg/L). Milligrams per liter is a unit expressing the
concentration of chemical constituents in solution as weight (milligrams) of
solute per unit volume (liter) of water. One thousand micrograms per liter is
equivalen t to 1 milligram per liter. For concen tra tions less than 7,000
milligrams per liter, the numerical value is about the same as for
concentrations in the inch-pound unit, parts per million (ppm).

Water temperature is given in degrees Celsius (oC), which can be con­
verted to degrees Fahrenheit (OF) by the following equation: °F=1.8(OC)+32.

Al ti tudes in this report are referenced to "National Geodetic Vertical
Datum of 1929 (NGVD of 1929)." The NGVD of 1929 is a geodetic datum derived
from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called "Mean Sea Level."
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BEDROCK AQUIFERS IN THE NORTHERN SAN RAFAEL SWELL AREA,

UTAH, WITH SPECIAL EMPHASIS ON THE NAVAJO SANDSTONE

By

J. W. Hood and D. J. Patterson

ABSTRACT

The northern San Rafael Swell area in southeastern Utah includes about
2,880 square miles (7,460 square kilometers) and ranges in altitude from about
3,290 to 7,921 feet (1,195 to 2,414 meters). Precipitation, the main source
of water in the area, ranges from slightly less than 6 inches (152 milli­
meters) to slightly more than 12 inches (305 millimeters).

Rocks that underlie the area range from Precambrian to Holocene in age.
The thickness of sedimentary rocks ranges from 4,083 feet (1,244 meters) to
about 30,000 feet (9,140 meters). The Entrada, Navajo, Wingate, and Coconino
Sandstones and rocks of Mississippian age are considered major aquifers
because of their large areal extent or thickness. Their water-yielding
ability is affected mainly by faulting and folding which locally enhance
ground-wa ter circulation by fracturing, or impede circulation by offsetting
the more permeable beds. Water in these aquifers ranges from fresh to briny.

The total hydrologic system in the northern San Rafael Swell area has an
estimated average annual inflow and outflow of about 1.3 million acre-feet
(1,600 cubic hectometers), of which about 1.15 million acre-feet (1,420 cubic
hectometers) is derived from precipitation on the area. An estimated 99
percent of the water available to the area is consumed by evapotranspiration.

The estimated gross average annual ground-water recharge is 10,000 acre­
feet (12 cubic hectometers) or less, of which 3,000 acre-feet (4 cubic
hectometers) recharges the Navajo Sandstone. Recoverable water stored in the
Navajo, Wingate, and Coconino Sandstones is estimated to be 160 million acre­
feet (197,300 cubic hectometers), of which 42 million acre-feet (51,800 cubic
hectometers) is in the Navajo alone.

Large, long-term withdrawals from the Navajo Sandstone are marginally
feasible, but only west of the San Rafael Swell, and if the wells are widely
spaced. Withdrawal of 20,000 acre-feet (25 cubic hectometers) per year for 30
years probably would reduce the amount of ground water in storage by about 1.4
percent. Withdrawals of this magnitude would have a negligible effect on the
flow of the Colorado River.



INTRODUCTION

Purpose and scope

This report presents the results of a study of bedrock aquifers in the
northern San Rafael Swell area, Utah (fig. 1), with special emphasis on the
Navajo Sandstone of Triassic(?) and Jurassic age. The study was made by the
U.S. Geological Survey in cooperation with the Utah Department of Natural
Resources, Division of Water Rights. Fieldwork was done mainly during March
1979-July 1980, with supplemen tal testing and observations during August­
December 1980.

The principal objectives of this study were to determine: (1) Well
yields of the bedrock formations, (2) the capability of formations to yield,
over the long term, water chemically suitable for presently (1980) known uses,
and (3) effects of withdrawals from wells on the surface-water supply in the
Colorado River Basin.

For the investigation, an area of 5,500 square miles (14,245 km2) was
initially considered. From this area, the approximate 3,640 square miles
(9,430 km2) shown on plate 1 was selected ~or further work. This latter area
includes about 1,570 square miles (4,070 km ) previously described by Hood and
Danielson (1979b); re-evaluation consisted partly of revising the data base
for about 710 square miles (1,970 km2) in the southwestern part of the area
shown on plate 1 for inclusion in a digital-computer model of the ground-water
system. Most data collecti~n and system evaluation was done in the remaining
2,880 square miles (7,460 km ) of the area shown on plate 1.

Fieldwork included the collection of data on wells, springs, and the
chemical quality of ground water, short-term aquifer testing, test drilling,
and infil tra tion studies of the sandstone aquifers. Office work included
digital-computer modeling of the Navajo Sandstone aquifer. Data used for the
analysis given in this report are listed in tables 3, 4, 8, and 9-14.

General Features of the Area

The northern San Rafael Swell area is in parts of Carbon, Emery, and
Grand Counties. It comprises approximately the northern two-thirds of the
Swell and adjacent areas that extend from Castle Valley on the west to the
Green River on the east, and from the vicinity of Wellington on the north to
the drainage divide between the San Rafael River and Muddy Creek drainage
basins on the south.

Altitudes in the area range from 3,920 feet (1,195 m) where the Wayne­
Emery County line meets the Green River to 7,921 feet (2,414 m) at San Rafael
Knob, near the center of the Swell (pl. 1). The Swell is a major geologic
fold, or elongate dome, with a major axis about 70 miles (113 km) long, that
trends northward and a minor axis about 30 miles (48 km) long. The Swell is
mainly an area of barren rock that has been deeply dissected by streams that
cross and are incised transversely into the folded rocks. Erosion has removed
the upper rocks in the center of the Swell; an inward-facing cliff delineates
the Jurassic sandstone aquifers in the north and south ends of the Swell (fig.
2), and the interior topography is extremely rugged. Throughout the Swell,
ragged erosional remnants of rock are common, and deep canyons complicate
overland travel.
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Figure 1.-Location and extent of the northern San Rafael Swell area.
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A: View looking northward from location (D-21-11)4ab, toward mouth of Buckhorn Wash
Canyon. Formations range from Carmel Formation at top of cliff to Chinle Formation at
base in mouth of canyon. Forellround is part of rolling internal plain developed on lime­
stone of the Moenkopi Formation.

B: View, looking southeastward, from top of cliff at location (D-20-11)8dc. Upper smooth
surface is a rolling plain developed on limestone in the Carmel Formation. San Rafael River
flood plain, below, is fringed with phreatophytes and saline residue.

Figure 2. - Erosional features in the San Rafael Swell. Erosion has
removed the Navajo Sandstone (N) and Wingate Sandstone (W)
from the inside of the San Rafael Swell, leaving inward-facing,
deeply dissected cliffs. Little recharge occurs on the steep
surfaces; exposure of the aquifers has allowed them to drain

near the dissected parts.
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Much of the Swell consists of barren rock, but locally a sparse cover of
grass and juniper CJurdp pus sp.) exists; the
northern high part of the Swell is somewhat denser,
(,; u rd p CY'U S sp. - P1:rnu; mono p hy lla [ ?] ) community.
p. 2-5 and 24-25.)

vegetative cover in the
including a juniper-pinyon

(See Vallentine, no date,

The areas adjacen t to the Swell consist of shale flats and partly
dissected terraces to the west, north, and northeast. To the east, the area
contains partly dissected pediments and deep canyons near the Green River.
This area contains grasslands and salt-desert and black-brush plant
communities.

Most of the area is uninhabited or seasonally occupied by ranchers and
miners who reside elsewhere. The only population centers are Green River,
Wellington, and the small community of Woodside. Cultivated crops are grown
mainly around Green River, but there are small, isolated tracts of farmland
along the lower Green, Price, and San Rafael Rivers.

Acknowledgmen ts

The writers extend thanks to the well and spring owners, well drillers,
and companies who provided hydrologic and geologic data. Special thanks are
due to Mr. and Mrs. Lloyd Hatt of Green River, Utah, whose intimate knowledge
of the eastern part of the study area aided in locating water sources and
access to the area. Officials of the U.S. Department of Energy, Grand
Junction, Colo., provided detailed information on deep core holes. The Utah
Power & Light Co. gave permission for drilling on their lands along the San
Rafael River.

Previous and Concurrent Studies

Published information on the geology of the study area is abundant. The
area is in that part of Utah which experienced some of the earliest geological
and mineral exploration. (For example, see Lupton, 1912.) The first test
well for petroleum in Utah was drilled at Green River. As a result of several
periods of petroleum and uranium exploration, there are many published reports
on the geology, including brief articles such as that by Lupton (1911),
detailed descriptions of formations as given in the guidebooks of the
Intermountain Association of Petroleum Geologist (1954, 1956, and 1958), and
detailed geologic mapping of Gilluly (1929). Other than the Geologic Map of
Utah (Stokes, 1964), the principal sources of discussion and representation of
geology in the area are Baker (1946), Gill uly (1929), and Stokes and Cohenour
(1956) . A report by Jobin (1962) relates hydrologic properties of the
formations to the occurrence of uranium.

Published information on water in the study area is less abundant.
Reports by Mundorff (1972) and by Mundorff and Thompson (1982) pertain to
chemical quality of surface water and fluvial sediment in the Price and San
Rafael River basins. Hood and Danielson (1979, 1981) discuss bedrock aquifers
in the adjacent lower Dirty Devil River hasin area. Lines and Morrissey
(1983) discuss the Ferron Sandstone aquifer in Castle Valley which is on the
west edge of the present study area.
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Results of regional hydrologic studies that included all or parts of the
northern San Rafael Swell area are given in the following reports: Thomas
(1952); Iorns, Hembree, and Oakland (1965); Feltis (1966); Price and Arnow
(1974); and Waddell, Contratto, Sumsion, and Butler (1981). Data collected
during several of those studies and used in this study are given in the
following reports: Iorns, Hembree, Phoenix, and Oakland (1964); Sumsion
(1979); and Waddell, Vickers, Upton, and Contratto (1978).

Terminology

The term permeability is used in this report to denote the relative ease
with which a water-bearing formation can transmi r water. The specific measure
of permeability is hydraulic conductivity (IS). The following ranges of
measured or estimated hydraulic conductivity are used in this report:

Very low
Low
Moderate
High
Very high

K, in feet per day

Less than 0.5
0.5 to 5

5 to 50
50 to 500

More than 500

The terms used in this report to classify water according to the con­
centration of dissolved solids are as follows:

Fresh

Saline

Briny

Class Hi cation

Slightly saline
Moderately saline
Very saline

Concentration, in
milligrams per liter

Less than 1, 000
1 ,000 to 3, 000

3,000 to 10,000
10 ,000 to 35, 000
More than 35,000

1The hydraulic conductivity (K) of a water-bearing material is the
volume of water that will move through-a unit cross section of the material in
unit time under a unit hydraulic gradient. The units for ~ are cubic feet per
day per square foot [(ft3/d)/ft2], which reduces to feet per day (ftld). The
term hydraulic conductivity replaces the term field coefficient of
permeability, which was formerly used by the U.S. Geological Survey and which
was reported in units of gallons per day per square foot. To convert a value
for field coefficient of permeability to the equivalent value of hydraulic
conductivity, divide by 7.48; to convert from hydraulic conductivity to
coefficient of permeability, multiply by 7.48.
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Well-, Spring-, and Miscellaneous-Site-Numbering System

The system of numbering wells and springs in Utah is based on the
cadastral land-survey system of the U.S. Government. The number, in addition
to designating the well or spring, describes its position in the land net. By
the land-survey system, the State is divided into four quadrants by the Salt
Lake base line and meridian, and these quadrants are designated by the
uppercase letters A, B, C, and D, indicating the northeast, northwest,
southwest, and southeast quadrants, respectively. Numbers designating the
township and range (in that order) follow the quadrant letter, and all three
are enclosed in parentheses. The number after the parentheses indicates the
section, and is followed by three letters indicating the quarter section, the
quarter-quarttr fection, and the quarter-quarter-quarter section--generally 10
acres (4 hm); 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 with
the la-acre (4-hm2) tract; the letter "s" preceding the serial number denot~s

a spring. If a well or spring cannot be located within a la-acre (4-hm )
tract, one or two location letters are used and the serial number is omitted.
Thus (D-19-13)12ddd-l designates the first well constructed or visited in the
SE~SE~SE~ sec. 12, T. 19 S., R. 13 E., and (D-23-10)9bbd-Sl designates a
spring in the SE~NW~NW~ sec. 9, T. 23 S., R. 10 E. Other sites referenced in
text are numbered in the same manner, but no serial number is used. The
numbering system is illustrated in figure 3. In this report, the letter "w"
that follows the serial number designates a petrOleum-test well that has been
left for use as a water well; the suffix letter "s" designates a well that has
been plugged back; and the suffix letter "D" designates a well that has been
deepened.

Surface-water gaging stations, where continuous records are available,
are identified by an eight-digit downstream-order number adopted by the U.S.
Geological Survey. (See U.S. Geological Survey, 1977, p. 9.) Thus, the
station on the San Rafael River near Green River, Utah, is designated
09328500.

1Altho~h the basic land unit, the section, is theoretically 1 square
mile (2.5 km ), m~y sections are irregular. Such sections are subdivided
into la-acre (4-hm ) 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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Figure 3.-Well- and spring-numbering system used in Utah.
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GEOLOGIC SETTING

Formations and Their Hydrologic Characteristics

Rocks that underlie the northern San Rafael Swell area range in age from
Precambrian to Holocene (pl. 2 and tables 1 and 2). Most of the sedimentary
formations have substantial variations in lithology, mainly due to differen t
depositional conditions, and in thickness, due partly to depositional
conditions and partly to the even ts that followed deposition. The complete
section of sedimentary rocks has a maximum thickness of about 30, 000 feet
(9,140 m) and a minimum thickness of about 12,000 feet (3,660 m). The minimum
known thickness (where the section is not complete) is 4,083 feet (1,244 m) at
well (D-22-12)5abd-1 (table 11).

All the formations in the geologic section contain some water, but much
of the section from the practical standpoint of well yields is not considered
to contain useful aquifers. Some of the hydrologic, structural, and physical
characteristics of the aquifers are readily measurable or visible in outcrops.
Other characteristics of both the exposed and unexposed formation can be
evaluated only from well drilling, aquifer testing at wells, chemical analysis
of water from wells and springs, and laboratory testing of rock samples from
formations that are known to transmit water. A brief evaluation of each
formation is given in table 2 and selected supplementary geologic data are
given in table 11. Data from outcrop and core samples are given in tables 3
and 4, and the samples and sampling sites are described in table 13.

Of the geologic units listed in table 2, five are considered to be major
aquifers because of their large areal extent or thickness or their potential
for locally large yields to individual wells. These units are the Entrada,
Navajo, and Wingate Sandstones, the Coconino Sandstone, including its lateral
facies equivalents in the Cutler Formation, and rocks of Mississippian age.
Several other geologic units also are aquifers, but they are restricted in
potential development owing to their thinness, distribution of permeable
zones, or chemical quality of water. They include older alluvium, the Salt
Wash Sandstone Member of the Morrison Formation, the Curtis Sandstone, the
Carmel Formation, and the Moss Back Member of the Chinle Formation.

The Carmel Formation has a special importance to the ground-water
hydrology or the northern San Rarael Swell area. First, it is widely exposed
in the area, both east and west of the Swell, and can receive recharge
directly. Second, it overlies the Navajo Sandstone, and locally can supply
water to or receive water from the Navajo. Third, the formation contains
large amounts of evaporites (mainly gypsum, but also salt near the west edge
of the area) which contribute to the deterioration of the chemical quality of
both ground and surface waters in the area. The Carmel Formation is a good
aquifer, locally, in the region, yielding several cubic feet per second of
water to individual wells and springs (Hood and Danielson, 1979, table 11;
1981, table 7). However, most discharges rrom wells and springs in the Carmel
Formation range from :Jeepar:e to about 30 gallons per minute (2 Lis).

9



Navajo Sandstone

Navajo Sandstone was selected as the principal subject of study in this
report because the sandstone, regionally, is the best aquifer of the three
thick sandstone aquifers described. Of the three, the Navajo is the
shallowest, apparently the most permeable, and contains the freshest water.

The Navajo Sandstone, for the most part, is a very fine to fine-grained
quartzose sandstone (tables 3 and 13) that coarsens to medium grained at the
top (figs. 4 and 5, table 3). In figure 4, the histograms for depths of 340
and 500 feet (104 and 152 m) are representative of most of the formation, but
samples from test NSRT-2 show that the formation generally is coarser and
better sorted near the top. Sample NSRT-2-100 (table 3) has the grain-size
bimodality described by Hood and Danielson (1979, p. 13).

Colors in the Navajo Sandstone range from light red or orange through
light brown and pale tan to gray and pure white; the color depends on the
amount of iron as grain coating remaining after leaching by circulating ground
water. Colors in the northern and northeastern parts of the San Rafael Swell
tend toward shades of brown indicating somewhat lower permeability. On the
whole, the Navajo tends to be more uniformly colored than such formations as
the Entrada Sandstone in which only the most permeable beds or fracture zones
(fig. 6) have colors that indicate leaching.

The Navajo Sandstone in the northern San Rafael Swell area ranges from
loose, soft and friable to hard and well indurated. The degree of hardness
depends on the type of exposure or lack of exposure to surface effects, length
of time exposed, and the grain size; moisture content also seems to determine
hardness where the sandstone is not saturated. In cliffs (fig. 7) where the
sandstone is drained, as well as in some nearly horizontal exposed surfaces,
the sandstone is very hard. At the site of rock sample UTSR-24, the sandstone
is too hard to disaggregate for sieve analysis; yet at the site of UTSR-24,
Engineering Research Associates (1953) reported that during tunneling
operations, the sandstone was soft 6 to 30 feet (2 to 9 m) from the outer
surface. In the soft sandstone, the available pore space was 50 percent
saturated; the casehardened zone contained much less moisture and was dry at
the surface. In drilling test holes into the sandstone aquifer, the drill
penetrates the upper part rapidly; the penetration rate decreases with depth,
presumably because of the smaller grain size. Where the sandstone is strongly
shattered by faulting or folding, as at sampling site UTSR-16 (table 13), it
is very loose, friable, and well-leached; this is because of mechanical
disruption of the grain bonds.
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c: Sample UTSR-20 near bottom of Navajo Sandstone

D: Sample UTSR-l1 near middle of Wingate Sandstone

Figure 5 -Photomicrographs of sandstone specimens. All photos
taken with polarized light at approximate magnification x 140.
(See table 13 for description of samples.)-Continued
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A: Sample UTSR-27-4 near top of Navajo Sandstone

B: Sample UTSR-8 near middle of Navajo Sandstone

Figure 5--Photomicrographs of sandstone specimens. All photos
taken with polarized Iight at approximate magnification x 140.
(See table 13 for description of samples.)
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E. Sample UTSR 13A-5 near top of Coconino Sandstone.

Figure 5.-Photomicrographs of sandstone specimens. All photos
taken with polarized Iight at approximate magnification x 140.
(See table 13 for description of samples.)-Continued
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A: Fracture zone (arrow) in Navajo Sandstone at about location (D-22-13)12aba on Highway 1-70.
The fracture dips slightly eastward and contains some leached, loose white sand.

B: View, looking eastward, of thrust fault (arrow) in the Entrada Sandstone at site of spring
(D-17-12)23aba-Sl. Most of cliff is red, but along the fault, the rock has been bleached or
leached by circulation of water.

Figure 5.-Fracturing at folds and near faults promotes recharge, discharge
and interformational leakage of water
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A: View, looking southward from location (D-25-11 )2cdd, 0 f Navajo Sandstone cliff in wall of
Temple Wash Canyon. Cliff weathers through spalling of large vertical slabs. Old surfaces are
case-hardened, reportedlY to depths of 6 to 30 feet, giving the impression that the sandstone
is very hard.

B: View of Black Dragon Canyon, looking northeastward from location (D-21-13)34cad. Coconino
Sandstone (C) underlies Kaibab Limestone (K) and, beyond, the Moenkopi Formation (M).
Fracturing, relatively gentle slopes, and lithology contribute to a strongly weathered, hackly
outcrop of the Coconino Sandstone.

Figure 7.-Exposures of the Navajo Sandstone and other formations.

Mode of exposure, in part, controls susceptibility to recharge and

surficial character of sandstone aquifers. Steep or vertical slopes
cannot be recharged.
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The top of the Navajo Sandstone in the northern San Rafael Swell area
generally is sharply defined and easy to identify in outcrops (fig. 8) and
while drilling a well. In most areas, the base of the Carmel Formation
consists of dense gray to black 11mestone, a thin bed of sandstone, and a bed
of red siltstone that lies on the Navajo. The top of the Navajo is indicated
by the appearance of cuttings from the red siltstone and a subsequent and
abrupt increase in the drill-penetration rate (fig. 9). Cuttings from the
sandstone--generally loose sand--are at first masked by cuttings from above or
they are carried away in the drilling fluid, but the change in penetration
rate is quite marked and can be seen if it is expected. As shown in figure 9,
the top of the sandstone as picked from drilling time can be confirmed by
geophysical logging, particularly when using the gamma-ray log. The natural
radiation of the sandstone is relatively low and constant, whereas, the
overlying beds of the Carmel Formation have relatively high radiation peaks.
The configuration of the gamma-ray log shown in figure 9 is characteristic of
that for the formational contact in all the study area.

The base of the Navajo Sandstone is more difficult to identify than the
top. The contact with the underlying Kayenta Formation reportedly is
gradational, but at least locally, the lowermost Navajo can contain some
locally derived debris reworked from the Kayenta. Because of this difficulty
in identifying the contact, data reported from some of the wells in table 11
probably are somewhat in error. For the purpose of this report, the base of
the Navajo is picked as the bottom of a continuous sandstone section where the
underlying siltstone is more than a few inches thick. Except in an area of
bleached rock (Hawley and others, 1968) near the middle of the Swell, the
color of the siltstone generally is maroon or dark red to brick red.

The thickness of the Navajo Sandstone in the northern San Rafael Swell
area ranges from less than 200 feet (60 m) at the northeast edge of the study
area to about 750 feet (230 m) at the southwest corner (pl. 3). The
thickening is not uniform. Because the top of the Navajo is sharply defined
and fairly uniform, the variation of thickness probably is due to variations
in the position of the Navajo-Kayenta contact. The lines showing equal
thickness on plate 3 were plotted from individual well data; where the top or
bottom of the Navajo was not reported in the well log, the contact was
estimated from the thickness of the overlying and underlying formations. The
resultant map shows a consistent variation in thickness of the Navajo, despite
the probable erroneous reporting of its base in some well logs.

The variations in thickness of the Navajo Sandstone indicate that the
formation probably was deposited on an uneven surface of the Kayenta
Formation. The data indicate that this surface was a sequence of ridges and
valleys trending southwestward in the direction the Navajo thickens. Data
also indicate that the Navajo was deposited as dune sand on land (Stokes and
Holmes, 1954), in shallow water (Freeman and Visher, 1975), or most probably a
combination of both.
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A: Contact between Carmel Formation (C) and Navajo Sandstone (N) in south wall of road cut
on Highway 1-70, at location (D-22-13)12aac, on east side of San Rafael Swell.

B: View, looking northward from an overlook on Highway 1-70, at location (D-22-9)33bba, on
west side of San Rafael Swell.

Figure 8.-The upper contact of the Navajo Sandstone is easy to identify
in outcrops. As in A, above, limestone, sandstone, and a basal red
siltstone of the Carmel Formation (C) overlies soft massive sandstone
of the Navajo Sandstone (N). An exception occurs in the vicinity of
area shown in photograph B, where limestone of the Carmel Form­
ation lies directly on the Navajo Sandstone.
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The permeability of the Navajo Sandstone in the northern San Rafael
Swell area ranges from very low to moderate, but locally it may be high.
Measured K for outcrop and core samples range from 0.0037 to 5.1 feet per day
(0.001 to-l.6 mid). (See table 4.) Transmissivities 1 derived from low­
discharge, short-term aquifer tests (table 5) at the only wells in the area
available for testing ranged from 27 to 642 feet squared per day (2.5 to 60.1
m2 Id) . Values of K calculated from these values for T and thickness of the
sandstone at the respective wells were in the range f;r K cited above; this
supports the conclusions of Johnson and Greenkorn (1960)- that there can be
quantitative agreement of formation coefficients derived from core analyses
and discharging well tests.

The storage coefficient2 (S) of the Navajo Sandstone could not be
determined using the available data in the northern San Rafael Swell area.
Because of the regional hydrologic similarity of the formation, it is assumed
that the generalized value of 0.001 for S used by Hood and Danielson (1979, p.
32) also applies to the Navajo in the northern San Rafael Swell area.

Hood and Danielson (1979, p. 34) also estimated the specific yield3 of
the Navajo Sandstone to be between 5 and 10 percent. This range is about the
same as that measured in the bottoms of shallow core holes where soil moisture
was measured with a neutron probe (fig. 10). In the bottoms of the core
holes, the sandstone is drained but is least affected by near-surface
evaporation or recharge. The (Boyles Law) porosity of the Navajo ranged from
3.6 to 26.8 percent (table 4); the average is 17.7 percent, and 50 percent of
the average is about 9 percent; which indicates that the range also agrees
with the report by Engineering Research Associates (1953) that the sandstone
was 50 percent saturated.

lTransmissivity (T) is the rate at which water is transmitted through a
unit width of the aquifer under a unit hydraulic gradient. The units for T
are cubic f~et per day per foot (ft3/d)/ft, which reduces to feet squared
per day (ft Id). The term transmissivity replaces the term coefficient of
transmissibility, which was formerly used by the U.S. Geological Survey and
which was reported units of gallons per day per foot. To convert a value for
coefficient of transmissibility to the equivalent value of transmissivity,
divide by 7.48; to convert from transmissivity to coefficient of trans­
missibility, multiply by 7.48.

2The storage coefficient (~ of an aquifer is the volume of water it
releases from or takes into storage per unit surface area of the aquifer per
unit change in head. S is a dimensionless number. Under confined conditions,
S is typically small, generally between 0.00001 and 0.001. Under unconfined
conditions, ~ is much larger typically from 0.05 to 0.30.

3Specific yield of a rock or soil is the ratio of the volume of water it
will yield by gravity after being saturated, to the volume of the rock or
soil.
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Structure and Other Factors That Affect Hydrology

Faul ting and folding are the principal recognizable factors that alter
the permeability of consolidated rocks in the northern San Rafael Swell area.
Secondary factors include the removal of gypsum and limestone by solution.

The principal structural feature that distorts the rocks is the large
anticlinal fold that comprises the San Rafael Swell. The Swell developed
mainly as a result of horizontal compression from the west (Kelley, 1955, fig.
10). The axis of the Swell is gently arced, being convex to the east (pl. 4).
The fold is asymmetric; rock along the east flank (fig. 11) dips most steeply;
the Navajo Sandstone attains a maxim um dip of about 850 in T. 23 S., R. 13 E.
In that area, the Moenkopi Formation and probably older sedimentary rocks are
overturned (Hawley and others, 1968, pl. 2) and may be thrust-faulted at
depth. The dip of the Navajo decreases both northward and southward. Dips
westward from the Swell are gentler. Associated with the larger fold are
several lesser structures such as the Woodside Dome at the northeast side of
the Swell and the anticline that underlies the town of Green River (pl. 4).

The effect of the folding of the Navajo Sandstone and other aquifers is
twofold, fracturing and jointing of the competent beds (fig. 12) by flexing
and shattering of those beds by associated faulting. Both of these effects
can create greater permeability or reduce the original permeability. Any
residual open fractures greatly enhance permeability. Craft and Hawkins
(1959, p. 283) state that the permeability of an open fracture only 0.001 inch
(0.0254 mm) wide is 54,000 millidarcies (md) 1, or 132 feet per day (40 mid),
about 26 times greater than the maximum hydraulic conductivity of the Navajo
given in table 3. Many observed joints in the Navajo Sandstone, however, were
filled with impermeable material. Near (D-21-9) 15dda, the site of rock sample
UTSR-29, a vertical fracture in the Navajo was about 6 inches (15 em) wide and
completely filled with coarsely crystalline gypsum. Near (D-20-13) 15daa, a
vertical fracture about 0.5 inch (1.3 em) wide was completely filled with iron
oxide.

The most significant find with regard to fracture filling was at (D-22­
13)35bdc, the site of rock sample UTSR-8 (table 13) and test hole NSRT-5.
There several large, high-angle open fractures are superimposed on a dense
network of thin silica-filled joints that parallel the strike of the
formation. (See description of sample UTSR-8, table 13.) From this
occurrence, it can be inferred that the flexing of the Navaj 0 Sandstone
proceeded in stages, and that fully refilling the fractures has led to a
decrease in sandstone permeability.

1permeability determinations by oil-industry service companies are
reported i!8 millidarcies (or 0.001 Darcy). The Darcy has the dimensions of
0.987 x 10 square centimeters (at 200 C). For comparision with other results
in this report, values in millidarcies were converted as follows:

hydraulic conductivity (at 60 0 F) = 2.439 x millidarcies/1,000
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Peterson, U. S. Geological Survey written commun., 1977.)
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A: View, looking southward along east side of San Rafael Swell from location (0-22-14)7bb,
showing steep dip of Navajo Sandstone (N) and flatirons of overlying Carmel Formation (C).
Dip increases southward to nearly vertical.

B: View, looking eastward from location (0-21-9 )l5abd, into Coal Wash on west side of the swell.
Carmel Formation (C) and Navajo Sandstone (N) dip about 4 0 toward viewer. Dry wash is
tYPical of most drainage channels in the swell. The sandstone here probably is only partly
saturated and can receive recharge during infrequent runoff.

Figure 11.-Dips of formations. The San Rafael Swell is asymmetric,
with steep dips on the east side and gentler dips to the west.
Structural distortion on the east side results in greater recharge
per unit area, but steep dips reduce the area of intake.
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Figure 12.-View downward to bottom of Black Dragon Canyon, from
location (D-21-13)34cad, showing potholes (arrows) in strongly
jointed, weathered Coconino Sandstone. Susceptibility of the
sandstone to recharge (and similarly, the Navajo Sandstone) IS

diminished by the accumulation of s'llt and mud in the potholes
and in joints. The pools of water may persist for days or weeks
after rain or snowmelt.

Faulting in the study area takes two basic forms, nearly vertical faults
with virtually straight traces and low-angle thrust faults such as in T. 15
S., R. 11 E., near Wellington (pI. 2). Commonly, faulting is thought to
resul t in decreased transmissivity by moving permeable beds against less
permeable beds; this condition may occur at some faults in the area. However,
much faulting in the area is the result of adjustment to the horizontal stress
that created the Swell; as such, some of the vertical faults are tension
faul ts that may be open enough to allow appreciable leakage of water and
petroleum (Lupton, 1912, p. 117-120; Rigby and Bauer, 1972). Even thrust
faul ts that appear largely intraformational, such as depicted by Peterson
(1954, fig. 2), and in figure 6B create paths for movement of water within the
formation.
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Permeabili ty is lower in rocks in which porosity has decreased
(Bredehoeft, 1964, fig. 1). Porosity and permeability da ta in table 4 show
that the loading of core samples to simulate increased overburden pressure
results in a 6-percent decrease in porosity, but a 20-percent or more decrease
in permeability, with a sevenfold increase in pressure. ThUS, the
permeabili ty of the Navajo Sandstone in the Book Cliffs, beneath 7,000 to
9,000 feet (2,130 to 2,740 m) of overburden, is significantly lower than the
permeability of the sandstone where it crops out in the Swell. In like
manner, the persistence of fractures is reduced with depth of burial (Nelson
and Handin, 1977).

A given rock is more permeable to saline water than to fresh water.
(For example, see Frick, 1962, table 23-5.) Thus, the saline water that
commonly is associated with deeply buried formations partly offsets the effect
of deep burial on the permeability. Moreover, the difference in permeability
between a confined aquifer and the confining bed is somewhat reduced where the
aquifer carries saline water; this probably occurs in the northern San Rafael
Swell area.

Solution of rock materials also has significant effect on the
permeability of certain geologic formations. Solution of gypsum results in
partial collapse of the beds in the Carmel Formation and overlying formations
and creep of the beds, as at (D-20-10)6bdd-1, the site of test hole NSRT-1.
Solution of limestone and dolomite leads to cavernous, permeable zones in
formations such as the Mississippian rocks; those rocks, where tested for
petroleum, yielded much water to many of the petroleum-test wells (table 11).

In some instances large amounts of mill fiber or other materials have to
be placed in wells during drilling to plug solution cavities and maintain
circulation of the drilling fluid. An extreme example is well (D-23-11)22ccc­
1W which was drilled to a depth of 2,285 feet (696 m) in 1936. The driller's
record shows that significantly more plugging material was put into the hole
than was drilled out of it; the hole was 2,270 feet (692 m) deep when measured
in 1979 during the study.

Cavernous zones in limestone mainly are due to solution of the limestone
by circulating recharge water that is laden with carbon dioxide from near­
surface sources such as decaying organic material in soils. Active solution
from that source probably does not reach depths of more than a few hundred
feet. The sinkhole in (D-22-12)10bbb (pI. 1) is being actively stoped in
limestone and siltstone of the base of the Moenkopi Formation; the formation
overlies the Kaibab Limestone, and solution of limestone in both formations is
due to solution by recharge water. Limestone solution does occur at
relatively great depths, and the rate of solution is accelerated if the pH of
the water is lowered by the presence of hydrogen sulfide and carbon dioxide.
These two gases mainly are the products of sulfate reduction associated with
hydrocarbon oxidation; in solution they produce weak acids. In the San Rafael
Swell, hydrogen sulfide seems most prevalent in the Moenkopi Formation, but
carbon dioxide is present in several formations from rocks of Mississippian
age upward to the Curtis Formation (tables 9 and 11); several test wells
produced carbon dioxide at rates of several million cubic feet per day. This
continuous supply of the gas when migrating through limestone of the several
formations aids in se If-accelera ting developrnen t of cavernous zones. Locally,
the process probably leads to subsidence and collapse features such as that
illustrated by Hawley, Robeck, and Dyer (1968, fig. 7).
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HYDROLOGY

Summary Statement

Water available to the northern San Rafael Swell area is derived from
precipitation on the area and surface-water inflow in the Price and San Rafael
Rivers. The volume of ground water in storage is many times greater than the
estimated average annual recharge. Discharge from the area mainly is by
evapotranspiration, but also by surface-water outflow in the Green rUver and
by ground-water outflow. The gross amounts of inflow and outflow are listed
in table 6.

Precipitation

Most of the northern San Rafael Swell area is arid because of the area's
position with respect to adjacent higher lands and because of its relatively
low relief. Average annual precipitation (pl. 1) ranges from slightly less
than 6 inches (150 rom) to slightly more than 12 inches (300 rom). Average
monthly precipitation (pI. 1) is least in winter and greatest in summer and
fall. Precipi ta tion in winter is less because winter storms move downslope
from the west where they have released most of their moisture in high
mountains. In summer, the prevailing flow of air is from the south, and
upslope flow of air toward the western mountains and the Book Cliffs, together
with erratically distributed thunderstorms, increases the probability of
precipitation. Nearly all precipitation is consumed within the area.

The average annual (1931-60) volume of precipitation on the study area
is estimated to be 1. 15 million acre- feet (1,420 hm3 ), as determined from
planimetry between lines of equal precipitation on plate 1. The average for
the 2,880-square-mile (7,460-km2) area is 7.4 inches (188 mm).

Surface Water

The northern San Rafael Swell area is drained by the Green River and two
of its tributaries, the Price and San Rafael Rivers (pl. 1). Both tributaries
head in mountains west and north of the study area. The Green River, upstream
from gaging station 09315000 at Green River, Utah, has a drainage area of
44,850 square miles (116,200 km2). The Price River, upstream from gaging
station 09314500 at Woodside, has a drainage area of 1,540 square miles (3,990
km2), and the San Rafael River, upstream from gaging station 0932~00 near
Green River, has a drainage area of 1,628 square miles (4,217 km). The
combined average annual gischarge at the two tributary gaging stations is
177,400 acre-feet (220 hm ), or 3.9 percent of the 4,568,000 acre-feet (5,630
hm 3) at Green River. (See U.S. Geological Survey, 1978, for periods of
record.) Most other streams in the study area are ephemeral; however, some
may have perennial flow for short distances from springs such as Cottonwood
Wash downstream from spring (D-20-13)15dad-S1. Monthly mean discharge at
seven gaging stations is ill ustra ted on plate 1 and listed in table 8.
Detailed records and statistical data are given by the U.S. Geological Survey
(1954, 1964, 1970, 1973, 1971-79). Additional discussion of drainage area,
discharge at miscellaneous gaging sites, and effects of geology on surface­
water quality is given by Mundorff (1972) and Mundorff and Thompson (1982).

28



The Green River at Green Rj_ver, although it includes the discharge of
the Price River, derives nearly all its water from northeastern Utah and
adjacent parts of Wyoming and Colorado. Thus, flow of the Green River is
little affected by hydrologic changes in the northern San Rafael Swell area.
The river contributes EttIe to ground water in the study area, except where
water from the river is distributed by canal for irrigation on alluvium near
the town of Green River. The Green River is the discharge area for much of
the surface-water and residual ground-water outflow from the northern San
Rafael Swell area.

The Price and San Rafael Rivers derive most of their flows from
freshwater sources in mountains west and north of the Swell. During much of
the year, their flows are entirely diverted for irrigation of long-established
farmlands extending from Price southwestward through Castle Valley. As a
result, their flows through the Swell consist mainly of irrigation-return flow
that is slightly to moderately saline. As early as 1924, during his
fieldwork, Gilluly (1929, p. 76) noted that

"the water of both San Rafael and Muddy Rivers is sometimes so
concentrated that even stock will not drink it, but this happens
only during the hottest and driest periods."

The degradation of surface-water quality resul ts not only from upstream
irrigation, but also the flow of water over rocks of Late Cretaceous age and
the effects of evapotranspiration along the stream channels (Thomas, 1952, p.
24) .

The losses from evapotranspiration, though not quantified, must be large
especially during the hot part of the year. The canyon of the San Rafael
River, near the east side of the Swell is 800 feet (245 m) deep; air
temperatures there often exceed 1000 F (38°C) or more on sunny summer
afternoons. High air temperatures together with low relative humidity cause
high rates of evaporation, especially at low stages of the streams. Likewise,
discharge from phreatophytic growth at stream edges and on flood plains (fig.
2B) even in deep canyons probably induces recharge to the alluvium from the
rivers, thus further depleting the flow and increasing the salinity.

On the whole, there is little net gain to the streams that transect the
San Rafael Swell except during infrequent heavy thunderstorms and rare years
of thick snow cover in the Swell. There is little inflow of ground water even
though the Price and San Rafael Rivers cut into several of the aquifers listed
in table 2 and shown on plate 2. Conversely, the rivers seem to lose water at
times (table 7), even during the cold months of winter as indicated in table
8. The average midwinter gain across the SW~ll for either of the main streams
is less than 2 cubic feet per second (0.06 m Is). The indicated losses cannot
be explained without extensive seepage studies. It seems improbable that the
midwinter decreases are due to irrigation diversions or instream evaporation
between the stations, nor can it be probable that the streams lose water to
the aquifers they transect.
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Ground Water

Ground water in the northern Scm Rafael Swell ClreCl is derived fran
precipitation on the area and fran conscq uent flow in upl Clnd tri hutcwi es to
the Price and San Rafael Rivers, main1 y during winter. Much of the ground
water is discharged locally within the area. Water can move fran one aquifer
to another; however, residual recharge water moves mainly to the principal
drainage channels which are the most deeply incised into the aquifers. A
gnall anount of ground water flows out of the area and into the lower Dirty
Devil River basin, and a part ultimately reaches the Green River.

Recharge

Ground-water recharge in the study area is fran precipitation on the
area; this includes seepage fran upland tributary flow resulting fran the
precipitation. No ground-water inflow is inferred to occur in the post­
Paleozoic rocks. The principal streams, the Price and San Rafael Rivers, are
ground-water discharge points, rather than sources of recharge, other than to
stream-channel alluvium.

The gross annual volume of recharge fran precipitation in the north~rn

San Rafael Swell area is estimated to be about 10,000 acre-feet (12 tIn ).
This is only about 1 percent of the total annual volume of precipitation on
the area. The estimate was made by comparing the potential for infiltration
of precipitation in the northern San Rafael Swell area with that in the
adjacent lower Dirty Devil River basin (Hood and Danielson, 1981). The
potential in the lower Dirty Devil River basin, where an estimated 2 percent
of the annual precipitation goes to ground-water recharge, is greater than in
the northern San Rafael Swell area. Where precipitation is greatest, the most
recharge occurs in the unconsolidated rocks, but unlike the lower Dirty Devil
River area, outcrops of such (pl. 2) are snall and widely scattered in the
northern San Rafael Swell area. The most penneable of the bedrock aquifers
permi t very low rates of recharge and the volume of recharge depends on
surface area exposed. More water infiltrates the Navajo Sandstone than the
Wingate Sandstone because the latter is exposed mainly in vertical cliffs that
in most parts of the study area are capped with rEmnants of the Kayenta
Formation which has a lower permeability.

Recharge to the bedrock aquifers occurs during prolonged wet surface
conditions, which limits recharge mainly to periods of winter precipitation
and snowmelt, when evaporation fran the surface is at a minimum. Vertical
hydraulic conductivities of the three major sandstone aquifers range fran
0.0095 to 1.5 feet per day (0.0029 to 0.5 mid) (table 4); this is 0.005 to
0.75 inch per hour (0.13 to 19 mm/hr). Short-term storms, such as summer
thunderstorms, contribute little to recharge. For exam ple, an intense storm
may drop more than 1 inch (25 rom) of rain in 15 minutes, only to have most run
off because of the low permeability of the bedrock. The chance for
infil tration is lessened by the steep slopes common to much of the bedrock
area that cause rapid runoff. Subsequent to such short storms, the water that
does penetrate the bedrock returns to the surface due to capillary action and
the water is evaporated.
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Changes in moisture as a percentage by volume of the rock for November
1979-0ctober 1980, measured in three holes in the Navajo Sandstone and two in
the Coconino Sandstone are shown in figure 10. In general, the percentage of
moisture content begins increasing in the shallowest part of each hole during
late fall, reaches a peak during midwinter, and then decreases until about
August. For each successively deeper level, the peaking of moisture content
occurs later than that at the surface, thus indicating a wave of moisture
draining downward. In the deepest parts of the holes, least affected by
surface conditions, the range of moisture change is about 1 to 4 percen t.
Note the abrupt temporary rise at site UTSR-22 where a summer storm added
moisture to the shallowest zone; the moisture did not penetrate deeper than
about 0.25 foot (7.6 em).

The Navajo Sandstone probably receives more of the ground-water recharge
than any other bedrock aquifer in the study area. The estimated direct
re§harge to the sandstone aquifer in the st udy area is 3,000 acre- feet 3C3. 7
hm ) per year or an average rate of 4.1 cubic feet per second (0.12 m /s).
This figure does not include possible recharge by interformational leakage; it
does include recharge directly from precipitation on the sandstone outcrop
throughout the study area and recharge from flo~ in upland drainage channels
(pI. 1). The figure of 3,000 acre- feet (3.7 hm ~ is based on the amount of
wa§er needed--3.7 cubic feet per second (0.10 m Is) or 2,680 acre-feet C3.3
hm ) per year--as input to the digital-computer model to achieve best fit for
the sandstone aquifer system.

The estimatjd annual amount of recharge to the Navajo Sandstone, 3,000
acre-feet (3.7 hm ) compares favorably with the observed change (fig. 10) in
moisture content. The addition of moisture, as a percentage by volume, can be
visualized as a depth of water; in a cubic foot of the sandstone, the 1 to 4
percent added moisture cited above would amount to a depth of 0.01 to 0.04
foot (3.0 to 12.2 mm) of water. If the estimated annual recharge, 3,000 acre­
feet (3.7 hm3), is di vided b~ the area of outcrop of the Navajo Sandstone,
about 93,000 acres (37,637 hm ), the result is 0.03 foot, or 0.36 inch (9 mm)
--within the range of moisture change described above.

Occurrence and Movement

Ground water in the northern San Rafael Swell area occurs under
confined, perched, and unconfined conditions; each of these conditions occurs
in several areas. Most water in the unconsolidated deposits is unconfined. In
several areas, one or more of the major sandstone aquifers are partly or
completely drained. Water in the consoli dated rocks is unconfined in and near
outcrops around the perimeter of the Swell and where the rocks are dissected
by canyons near the Green River. . Downgradient from outcrop areas, the water
level intersects the bottoms of overlying confining beds, and beyond, the
water becomes confined.

Confined conditions mainly occur off the flanks of the Swell where the
major aquifers are buried. Locally in these areas confining artesian
pressures are great enough to raise water levels in wells higher than the land
surface. For example, the water level in the Navajo Sandstone at test hole
(D-23-14)25bca-1 (table 9) was 105 feet (32 m) higher than the land surface.

31



The condition is representative of a broad area fran the east side of the
Swell to the Green River. More deeply buried aquifers probably have greater
pressure, as at well (D-23-16) 15dca-l (table 11).

Water in several aquifers differs in occurrence at any given site due to
differences in recharge and permeability. For example, the Navajo Sandstone
is only partly saturated near the Green River because of its higher
permeability relative to the Carmel Formation. In the same general area,
water in the overlying Carmel Formation and Entrada Sandstone is perched.
These formations yield water to springs such as (D-24-16)27cbb-S1 (table 10).

Perched conditions also occur in other formations in the study area. On
Cedar Mountain, for example, recharge to the Salt Wash Sandstone Menber of the
Morrison Formation occurs during the spring and discharge to springs and seeps
on the east face of the mountain occurs during early sumner; this probably
explains why well (D-17-11)27ccd-l was dry (table 9). Other examples of
perched conditions are at spring (D-20-9) 35ccd-Sl (table 10), well (D-19­
13)21cbd-l (table 9), and well (D-22-11)23bdc-l (table 11).

Ground water moves downgradient fran recharge areas to discharge areas
along paths of greatest transmissivity. The direction of movement generally
is depicted by maps of the potentianetric surface. For most of the
formations listed in table 2, there are insufficient data to construct
poten tianetric-surface or ground-water level maps. The study area, however,
is part of the regional-study area described by Hanshaw and Hill (1969, p.
267-280) who used petroleun-test data to show the gross features of the
potentianetric surfaces in Paleozoic aquifers. The maps they constructed
(Hanshaw and Hill, 1969, figs. 2 and 6-8) indicate that ground water in the
Paleozoic rocks west of the Green River moves fran areas north and northwest
of the San Rafael Swell southward past the Swell.

Of the younger aquifers, a potentianetric-surface map is provided only
for the Navajo Sandstone as shown on plate 5 of this report. It can be
assuned that the potentianetric surface for the Wingate Sandstone is similar
because the two formations share common areas of general outcrop and similar
lithology and structural distortion.

The potentianetric surface for the Navajo Sandstone (pl. 5) shows that
ground water moves fran the outcrop area of the sandstone, around the Swell,
away fran the Swell. On the west side of the Swell, ground water moves fran
the area of maximun precipitation around San Rafael Knob (pI. 1) westward and
thence both southward into the lower Dirty Devil River basin area and north­
northeastward. In moving northeastward, the ground water is augmented by a
little recharge along the Swell; a part of the water is discharged to the San
Rafael River. Most water in the sandstone at the north end of the Swell moves
around a high, dry area of the sandstone and thence southeastward toward the
Green River.
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On the east side of the Swell, a ground-water divide exists near the
surface divide southeast of Temple Mountain. In this southeastern area, water
in the sandstone moves northeastward toward the confluence of the Green and
San Rafael Rivers. Some water is intercepted by discharge points near the
faults that intersect Cottonwood Springs, (D-24-14)32adb-S1 (table 10). In
the highlands near Keg Knoll, a very small amount of recharge moves through
the lower part of the westward-dipping sandstone (pl. 5) and thence northward
toward the San Rafael River.

The potentiometric contours on plate 5 are based both on the sparse
control shown and on the results of digital-computer modeling; contours are
fitted to the existing data, but the direction and spacing of the contours are
guided by the modeling results. A basic assumption that affects the direction
of contours in the northern part of the study area is that no water enters the
area from the north and northwest. This assumption is based on the relatively
great depth of burial (pl. 6) and, therefore, the greatly reduced permeability
of the sandstone, and the relative lack of outcrops of the Navajo Sandstone
(Stokes, 1964; logs and other da ta in Hood, Moodor ff, and Pri ce, 1975) in
those directions.

Fragmentary water-level data, indicated by both wells and springs, for
aquifers younger than the Navajo Sandstone show that water movement in them is
largely from thej.r local outcrop~; to the nearest lower drainage that is cut
into them. However, where the younger aqui fers are deeply buried, the
direction of movement probably is much the same as for the Navajo Sandstone.

Storage

Estimates of ground-water storage are made only for the Navajo and
Wingate Sandstones and for the Coconino Sandstone (incuding its lateral facies
equivalents) . The estimate for the Navajo Sandstone probably has the best
accuracy owing to the greater effort spent on data acquisition for that
formation. Estimates are based on data in tables 2, 4, and 11, and on plate
3. The estimates for all three aquifers are as follows:

Estimated Volume of ground Assumed Recoverable water in
Average Area effective water in specific transient storage, assuming

Aquifer thickness (square) porosity transient storage yield complete drainage
(feet) miles) (percent) (millions of acre-feet) (percent) (millions of acre-feet)

Navajo Sandstone 1412 12 ,300 2 17 .7 394 29 42

Wingate Sandstone 400 2,350 20 4 100 5 27

Coconino Sandstone 700 2,880 20 4 232 8 93

Totals (rounded) 440 160

IBased on planimetry of area containing full thickness of the formation.

2 See page 20.

3An estimated 87 percent of the sandstone is saturated.

4An estimated 90 percent of the sandstone is saturated.
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The three sandstone aquifers, thus, contain about 160 mi Ilion acre- feet
(197,300 hm 3) of water that could be recovered if the aquifers could be
completely drained. This figure is an upper limit to development of the
aquifers because complete drainage could never be achieved.

The volume of water stored in other aquifer's in the study area cannot be
estimated from the available data. It is probable that the total volume does
not exceed that stored in the Navajo, Wingate, and Coconino Sandstones.

The ground-water system in the northern San Rafael Swell area is almost
unaffected by development. There may be some interformational movement of
ground water through uncased wells such as (D-25-14)26dba-1 (table 9), but
this does not change the total volume of water stored in the bedrock. Wells
completed in bedrock aquifers yield small quantities of water for a few widely
scattered stock and mine-supply systems; several of these wells yield \o13ter
from the Navajo Sandstone. They include such low-yield stock wells, as well
(D-24-15)6caa-1S (table 9), that have been left flowing for years. Total
annual withdrawal from such wells, however, is small. For example, withdrawal
from the entire ground-water system tn the bedrock aquifer system probably did
not exceed 200 acre-feet (0.25 hm ) during 1980. For practical purposes,
therefore, the withdrawal did not change the volume of ground water in
storage.

Water-level changes in wells in the stUdy area are due to small natural
changes in storage. Fluctuations of water levels in six observation wells in
the northern San Rafael Swell area during parts of 1979 and 1980 are shown in
figure 13, together with brief explanations of well conditions and the causes
of fluctuations. (See also figure 14 for fluctuation of water level in a
natural discharge area.)

Discharge

Annual ground-water discharge in the northern San Rafael Swell area
equals the estimated ground-water recharge for that area--l0,OOO acre-feet (12
hm3), or less. The discharge consists of discharge to streams, outflow in
bedrock aquifers, evapotranspiration, and the small amount of well discharge
noted in the section on storage. None of the means of discharge can be
precisely quantified for all the aquifers, but evapotranspiration probably is
the largest.

Navajo Sandstone aquifer .--Discharge from the Navajo Sandstone occurs
principally to the surface in the San Rafael River where the river has incised
the sandstone on both the west and east sides of the Swell; lesser amounts of
discharge occur in the channels of the lower San Rafael and Green Rivers, near
their confluence. Discharge to the rivers is estimated to be 2,000 acre-feet
(2.5 hm 3) annually or 67 percent of the· estif,ated annual recharge to the
sandstone. An estimated 300 acre- feet (0.4 hm ) per year moves through the
sandstone from the west side of the Swell southward into the drainage area ~f

the lower Dirty Devil River. An additional estimated 300 acre-feet (0.4 hm )
moves through the sandstone east- southeastward out of the n0:ftheast si de of
the study area (pl. 4). The remaining 400 acre-feet (0.5 hm ) is discharged
through springs and seeps and direct evaporation. Much of the spring flow and
seepage is consumed by evapotranspiration near the point of discharge.
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bank of Cottonwood Wash where the wash cuts through the Navajo Sandstone on east
side of the San Rafael Swell. Sandstone is almost saturated most of the year and discharges
water by evaporation. During late fall and winter, evaporation almost ceases and water
level rises nearly to land surface.
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Other consolidated aquifers .--Discharge of ground water from the other
consolidated rocks could not be calculated for lack of data. However, some of
the rocks, both younger and older than the Navajo Sandstone, discharge mainly
in the study area, particularly where those rocks are strongly dissected;
where they are deeply buried, they also transmit small quanti ties of water
toward the Dirty Devil River basin and the Green River. For example, see well
(D-23-16) 15dca-1 (table 11), which shows a ground-water level higher than the
nearby Green River.

Evapotranspiration.--The amount of ground water discharged by
evapotranspiration was not calculated both because the absolute amount
probably is small and because the maximum gross evapotranspiration occurs
where a mixture of surface water and an unknown percentage of ground water is
discharged.

Both field inspection and false-color satellite imagery show that the
only dense vegetation in the study area is in irrigated areas near Green
River, in Castle Valley, west of the San Rafael Swell, and in small tracts
along the Price and San Rafael Rivers. Other than near the irrigated tracts,
phreatophytic vegetation grows only as a fringe at stream edge and on the
lowest terrace where flood inundation occurs during infrequent floods. At
these locations the phreatophytes obtain most of their water from streamflow
and stream-channel underflow.

Elsewhere, widely scattered moist areas and small springs, mostly
intermi ttent, are marked by small patches of phreatophytes, such as Temple
Spring (D-25-13)6aca-S1 or (D-17-12)23aba-S1 (table 10). Small damp areas are
found throughout the study area, some in deep inaccessible canyon country such
as that shown in figure 2B. The springs shown on plate 1 are only those found
in the field or shown on available topographic maps; the springs shown
probably amount to less than half the actual number.

Direct evaporation of water from consolidated aquifers occurs at some
locations in the study area. In Eagle Canyon, at spring (D-22-9)8aca-S1
(table 10), wet sandstone in the canyon wall has a thick coating of white
mineral residue that indicates evaporation. Likewise, water evaporates
directly from the Navajo Sandstone in Cottonwood Canyon in the vicinity of
spring (D-20-13) 15dad-S1 (table 10). Shallow core hole UTSR-21, (D-20­
13) 15daa-1, was drilled nearby on a shelf of sandstone about 3 feet (1 m)
above the streambed. The cliff next to the site was damp several feet above
the shelf and was covered with mineral efflorescence. When the hole was
drilled in the summer of 1979, the core was almost saturated yet, the adjacent
streambed was dry; the head of streamflow was downstream. Later in the water
year, as the head of streamflow (5 to 10 gal/min, or 0.3 to 0.6 L/s) again
migrated upstream, water entered the core hole. By May 1980, the water level
in the hole was near the surface of the shelf above the streambed. (See fig.
14.) This general condition occurs at several areas around the Swell.
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Chemical Quality of Ground Water

The chemical quality of ground water in the northern San Rafael Swell
area ranges from fresh to briny. Chemical analy:-;cs of water samrles from
formations that range from Missi3~>ippii1n to Holocene in ap;e are listed in
table 14. Supplemental data for the southern part of the area shown on plate
1 are in Hood and Danielson (1981, table 13). Brief descriptions of the
chemical characteristics of water from the formations are in table 2.

The dissolved-solids concentration of ground water is controlled by a
number of factors, including the depth of burial of the aquifer, the distance
of the water source from the recharge area, the permeability of the rocks, and
the amount of easily dissolved minerals in the rocks. Thus, springs or wells
such as (D-22-14)6bbc-S1 and (D-19-13)21cbd-1 yield water with low dissolved­
solids concentrations. This is because they discharge from shallow rocks in
or near recharge areas that have been leached and contain mostly minerals of
low solubility; conversely, some petroleum-test wells such as (D-15-10)26aaa-1
and (D-22-16)2bba-1, that penetrate deeply buried aquifers, produce brine or
very saline water because of slow circulation over long distances from
recharge areas, or because the formation contains much easily dissolved
mineral such as halite (rock salt).

The Navajo Sandstone contains mostly water that ranges from fresh to
moderately saline. Very saline water was obtained from one well that was
converted from a petroleum-test hole; the water is of the sodium sulfate type
(not characteristic of the Navajo) and may represent leakage into the well
from another formation.

Most water in the Navajo Sandstone is fresh to moderately saline. The
freshest water in the Navajo is of the calcium magnesium bicarbonate type.
Locally magnesium is the predominant cation. Most samples from the sandstone,
however, were mixed waters of the calcium magnesium sulfate chloride type,
which indicates that water of the calcium bicarbonate type in the Navajo is
mixed with water of the calcium sulfate chloride type from interformational
leakage. In such areas as the San Rafael Desert, east of the Swell, such
leakage must come from below the Navajo, because of the relatively high
artesian pressures there. Around the flanks of the Swell, however, the source
of calcium sulfate is gypsum in the overlying Carmel Formation; water in the
Carmel leaks down into the Navajo.

Analyses for two water samples (table 14) are moderately saline water of
the calcium bicarbonate and calcium magnesium bicarbonate chloride types. At
the dissolved-solids concentrations found in samples from wells (D-15­
11)12cda-1 and (D-18-14)9dca-1, bicarbonate as the dominant anion is due to
the occurrence of carbon dioxide under pressure in the formation. (See tables
9 and 11.)

The analyses in table 14 indicate that the Navajo Sandstone contains
water useful for stock and irrigation and, in parts of the area, for domestic
purposes within a few miles of the aquifer outcrop both east and west of the
Swell and in most of the San Rafael Desert, south of Green River.
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EFFECTS OF LARGE-SCALE WITHDRAWAL OF GROUND WATER

Potential annual water requirements in the northern San Rafael Swell
area, over the curf,entl y (1980) granted water rights, range from perhaps 5,000
acre-feet (6.2 hm ) for small industry 03' coal-fired power generation plants
to as much as 200,000 acre-feet (250 hm ) for a proposed nuclear powerplant
near Green River. For the latter amount, it is expected that ground water
would be used conjunctively with a part of Utah's allocation of water in the
Upper Colorado River Basin.

Well Yields and Drawdown

This study shows that aquifers, the Nava~ Sandstone in particular, can
supply 5,000 to 20,000 acre-feet (6.6 to 25 hm ) of ground water for periods
of 30 years, or more. However, the aquifers alone cannot supply 200,000 acre­
feet (250 hm3) per year.

The potential yield to wells in the Navajo is dependent on the hydraulic
conductivity and thickness of the sandstone, and on well diameter. The effect
of hydraulic conductivity and thickness, for an assumed storage coefficient of
0.001, are shown in the following table:

Assumed Assumed Drawdown, in feet, at distance of

Aquifer hydraulic Trans- well Years of 10 100 1.000 10,000 50,000

thickness conductivity missivity discharge pumping foot feet feet feet feet feet

(feet) (ft/d) (ft2 /d) (gal/min)

200

500

0.2

1.0

.2

1.0

40

200

100

500

450

450

900

900

10 3,370 2,580 1,790 995 232 0

20 3,490 2,700 1,900 1,110 338 7

30 3,560 2,770 1,980 1,180 403 19

40 3,610 2,820 2,030 1,230 450 34

10 729 571 413 252 97 10

20 753 595 437 278 121 23

30 767 609 451 292 134 32

40 777 619 460 302 144 40

10 2,820 2,190 1,560 923 299 10

20 2,920 2,280 1,650 1,020 389 39

30 2,970 2,340 1,710 1,070 443 66

40 3,010 2,380 1,750 1,110 482 90

10 609 482 355 228 102 22

20 628 501 374 248 121 37

30 639 512 386 259 132 47

40 647 520 394 267 140 54
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The table shows that it is unrealistic to expect large sustained well yields
where the aquifer is thin, as northeast of the San Rafael Swell (pl. 3); it is
also unrealistic to expect large yields where the hydraulic conductivity is
low, as is the case where the formation is deeply buried. Digi tal-canputer
modeling of the aquifer shows that increasing the well diameter fran 10 to 18
inches (25 to 46 em) will decrease long-term drawdown in the punped well by
about 10 percent.

The simplistic calculations given in the table above do not take into
account the effects of discharge points along rivers, boundaries such as the
outcrop of the Navajo Sandstone around the San Rafael Swell, or variations in
! due to both changes in ~ and the varying thickness of the sandstone. For
this reason, the Navajo was modeled.

')

The model representing 4,640 square miles (12,020 kIne) was constructed
using the methods of Trescott, Pinder, and Larson (1976). Simplifying
assunptions included the use of uniform values for storage coefficient and
specific yield and the restriction of the model to those parts of the aqUifers
where the Navajo Sandstone is fully saturated or nearly so. It also was
assuned that the Navajo does not leak to or receive leakage fran the bounding
formations. Hydraulic conductivity was estimated fran the permeability rock
specimens, aqUifer tests, and reported data fran petroleun tests, and it was
graduated across the area modeled according to the depth of burial of the
aquifer. Several sets of assuned values were tested, and the effects of
discharging wells and well diameter were tested for assuned periods of as much
as 30 years. Few data are available and time for model develorment was
limited, but the model is considered to be a reasonable representation of the
hydrologic system. The model could not be calibrated because of a lack of
water-level data both areally and with time. However, the model was useful in
guiding the analysis of the aquifer by other methods, and it was useful as a
general guide to delimit the rates and significant areas of recharge and
discharge and to evaluate the general effect of well discharge on the stream
system .

The modeling of the sandstone aquifer shows that: (1) A well northeast
of the San Rafael Swell in the study area will have drawdown about 1,000 feet
(305 m) when punped continuously at 1 cubic foot per second (449 gal/min, or
0.28 m3/s) up to 30 years; (2) a well west of the Swell could be punped at 2
cubic feet per second (900 gal/min or 0.6 m3/s), but large drawdown would
occur after a year or more of continuous punping; (3) to achieve a given yield
mul tiwell arrays with well spacings of 1 mile (1.6 kIn) or more are preferable
(despite locally high artesian pressures, the relatively low T of the Navajo
Sandstone restricts the spread of the cone of depression due to punping); (4)
punping near the San Rafael River would reverse discharge of the sandstone
aquifer to the river only if the sandstone were completely dewatered at its
outcrop on the river; and (5) the dischar~e to the Green River, which is less
than 1 cubic foot per second (0.02832 m Is) would be little affected by 30
years of punping at about 2 cubic feet per second (0.05664 m /s), if the
withdrawal is made more than 10 miles (16 kIn) fran the river.
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The effects of pumping on the rates of interformational leakage cannot
be assessed using the available data, although it recognized some leakage must
occur. Whatever amount occurs as a result of lowering water levels in the
Navajo Sandstone would offset a part of the amount removed from storage in the
sandstone. The most important effect would be a degradation of ground-water
quality in the sandstone aquifer; some leakage occurs naturally, as can be
seen from the chemi cal characteristi cs of samples from the Navajo. Enhanced
leakage would increase the naturally occurring degradation. Likewise, induced
saline-water infil tration from the San Rafael River would degrade the chemical
quality of water in the aquifer.

From the foregoing discussion, it is apparent that large-scale
development of the Navajo Sandstone in the study area is only marginally
feasible; the feasibility should be based on the cost of widely spaced,
relatively low-yield wells and the attendant gathering and storage system.
Moreover, the natural discharge from the sandstone aquifer would be little
affected by pumping unless a large number of wells were installed close to the
discharge areas--again, marginally feasible. Th~S for example, nearly all the
annual withdrawal of 20,000 acre-feet (25 hm) per year would come fr~m

storage. It should be noted that a withdrawal of 20, 000 acre-feet (25 hm )
per year for 30 years amounts to 600, 000 acre- feet (740 hm 3) or about 1.4
percent of the ground water stored in the Navajo Sandstone in the study area.

Effect on Flow of the Colorado River

The effects of pumping ground water in the northern San Rafael Swell
area would have a negligible effect on the flow of the Green River, a
principal tributary of the Colorado River. Because of the small exposure of
the Navajo Sandstone to the river, direct diversion from the river, by
infil tration into the outcrop probably would be less than 1 cubic foot per
second (0.028 m3/s). The principal effect would be diversion of water from
the tributaries which discharge to the Green River. Even if pumping divert~d

all the estimated natural ground-water recharge of 10,000 acre-feet (12 hm )
and induced an equal am~unt, the resultant diversion would amount to 25 cubic
feet per second (0.71 m Is) or less than 0.5 percent of the average flow of
the Green River at Green River, Utah (U .S. Geological Survey, 1979, p. 241).
Because the Green River is tributary to the Colorado River, the effect on the
Colorado River would be even less.

FURTHER STUDIES NEEDED

In 1980, the amount of grOlmd-water data available on the Navajo
Sandstone in the study area was small. Even less information was available on
the other principal aquifers. Prior to any firm planning for future large­
scale ground-water development, the following studies are considered necessary
for evaluating feasibility or planning the operation of well fields.

1. The flow system in the Navajo Sandstone and other aquifers needs to be
better defi.ned throughout the area, i.ncluding more information on the
potentiometric surface and hydraulic properties of both the sandstone
and its confining beds.
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2. Pressure relations among the several aquifers need to he defined, because
of the potential for increased or induced interformational movement of
water.

3. From the data aquired under item:; 1 :md?, :1 r'('li:lhl(~ Gllihr:)Lc~d dil~itnl­

computed model of the Navajo :;:lnd:;ton(~ and :l:;~oci;lted aquifer':; nr'e(h to
be constructed for predictive purpo~cs.

4. The chemical quality of available ground water areal] y and with depth
needs to be better known, particularly in the northern half of the study
area.

SUMMARY AND CONCLUSIONS

Rocks that underlie the northern San Rafael Swell area range in age from
Precambrian to Holocene. All the geologic units contain some water, but only
five are considered to be major aquifers-- the Entrada, Navajo, and Wingate
Sandstones, the Coconino Sandstone including its equivalents in the Cutler
Formation, and rocks of Mississippian age. Several other Ii thologic uni ts-­
older alluvium, the Salt Wash Sandstone Member of the Morrison Formation, the
Curtis Formation, the Carmel Formation, and the Moss Back Member of the Chinle
Formation--are at least locally important.

The circulation of water in the consoli da ted aquifers is affected by
faul ting and folding which locally enhance water movement by fracturing, or
impede the movement by offsetting permeable heds or sealing zones with rock of
lower permeability. At least locally, fracturing also enhances inter­
formational leakage. Other factors affecting circulation are the reduction of
porosity due to depth of burial, the salinity of the circulating water, and
the solution of carbonate rocks and evaporites.

The total hydrologic system in the northern San Rafael Swell area has an
estimated average annual inflow and outflow of about 1. 3 ~illion acre-feet
(1,600 hm3), of which about 1.15 million acre-feet (1,420 hm ) is derived from
precipitation on the area and the remainder is inflow in the Price and San
Rafael Rivers. An estimated 99 percent of the water is consumed by
evapotranspiration and most of the remaining 1 percent leaves the area as
surface flow.

The estima§ed long-term average annual ground-water recharge is 10,000
acre-feet (12 hm ), or less; at least 30 percent of this amount recharges the
consolidated rocks. At least 20 percent of the water is discharged to the
streams and the remainder is consumed by evapotranspiration or moves out of
the area as ground-water outflow.

The total amount of ground water in storage cannot be calculated.
However, the Navajo, Wingate, a~d Coconino Sandstones contain an estimated 160
million acre-feet (197,300 hm) of recoverable fresh to moderately saline
water.
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The estimated average annual recharge to and discharge from the Navajo
Sal)dstone in the northern San Rafael Swell area is about 3,000 acre-feet C3. 7
hm j ). This is only 0.007 percent of the recoverable water in the sandstone
aquifer.

On the basis of available data and a digital-model approxim~tion,

calculations show that an annual withdrawal of 20,000 acre- feet (25 hm ) for
30 years would reduce the amount of recoverable water stored in the Navajo
Sandstone by about 1.4 percent.

Although most wells inventoried during this study yield small quantities
of water, yields of more than 1,000 gallons per minute (63 Lis) to individual
wells are possible locally in the area. Large yields would be accompanied by
large drawdowns--1, 000 feet (305 m) or more-- in and near well fields after
several years of pumping.

Well yields from the Wingate and Coconino Sandstones probably could be
equal to those from the Navajo Sandstone because the average saturated
thicknesses of those formations are greater; the largest yields from all
formations would be expected in fractured areas and those yields also would be
accompanied by large drawdowns--especially if the aquifer is confined. The
pumping effects in other aquifers in the area cannot be evaluated.

Ground water in much of the northern San Rafael Swell area is saline.
Most unconsolidated deposits contain saline water because of evapo­
transpiration in uplands and saline streamflow, except in the Green River
bottoms. Most consolidated rocks contain freshwater only near their outcrop
areas. Known occurrences of freshwater in the Navajo Sandstone include not
only outcrop areas both east and west of the Swell, but also at depth in a
broad area extending from the east-central edge of the Swell to the Green
River. In most areas, water in the Navajo shows some degradation by mixing
with more saline water from other formations through interformational leakage.

Information obtained during this study indicates that:

1. Bedrock aquifers (the thick sandstone aquifers in particular) in the
northern San Rafael Swell area can yield additional fiesh to slightly
saline water--perhaps as much as 5,000 acre-feet (6 hm ) per year--with
relatively little effect on the ground-water system.

2. Large withdrawals (as much as 20,000 acre-ft or 25 hm 3 per year from the
bedrock aquifers, the Navajo Sandstone in particular) are feasible;
however, this is possible only where the formations are thickest (as
along the west side of the San Rafael Swell), and if widely spaced wells
are used. Such large withdrawals require many wells because of the low
permeabili ty of the sandstone. The chemical quality of water probably
would be degraded.

3. Large withdrawals would have some side effects, including reduction of
artesian pressure at the few existing wells, cessation of some spring
flow, and a small effect on the flow of the San Rafael River. However,
the effect on the flow of the Colorado River would be very small.
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Table 1.-Codes used in identifying aquifers or geologic units in tables 9,10,11, and 14

[See also table 2.]

110PTOD Pediment, terrace or other 230MNKP Moenkopi Formation 320PSLV Undivided rocks of

deposits of Quaternary age Pennsylvanian age

231CCRK Church Rock Member of

111ALVM Alluvium of Holocene age Chinle Formation 321 HKTL Honaker Trail (upper member

of Hermosa Formation)

112ALVM Alluvium of Pleistocene age 231CHNL Chinle Formation

324HRMS Hermosa Formation

200MNCS Mancos Shale 231 KYNT Kayenta Formation

324PRDX Paradox Member of Hermosa

200MSZC Undivided rocks of Mesozoic 231MBCK Moss Back Member of Chinle Formation

age Formation

330DSRT Deseret Limestone

210DKOT Dakota Sandstone 231SRMP Moss Back Member of Chinle

Formation where originally 330MDSN Madison Limestone

217BCKR Buckhorn Conglomerate identified as the "Shinarump

Member of Cedar Mountain Conglomerate" 330MSSP Undivided rocks of

Formation Mississippian age

231WNGT Wi ngate Sandstone

217CDRM Cedar Mountain Formation 330RDLL Redwall Limestone

237SNBD Sinbad Limestone Member of

220GLNC Glen Canyon Group, Moenkopi Formation 331 HMBG Humbug Formation

undivided

300PLZC Undivided rocks of Paleozoic 340DVNN Undivided rocks of

220JRSC Undivided rocks of Jurassic age Devonian age

age

310CCNN Coconino Sandstone 341ELBR Elbert Formation

220NVJO Navajo Sandstone

310CTLR Cutler Formation 3410URY Ouray Limestone

221 BRSB Brushy Basin Shale Member

of Morrison Formation 310KIBB Kaibab Limestone 370CMBR Undivided rocks of

Cambrian age

221CRML Carmel Formation 3100GRK Organ Rock Tongue of Cutler

Formation 371 L YNC Lynch Dolomite

221CRTS Curtis Formation

310RICO Rico Formation 374BWMN Bowman Limestone

221ENRD Entrada Sandstone

310WTRM White Rim Sandstone 374HRMN Hartmann Limestone

221MRSN Morrison Formation Member of Cutler Formation

3740PHR Ophir Shale

221SLWS Salt Wash Sandstone 319ELPC Elephant Canyon Formation

Member of Morrison 374TNTC Tintic Quartzite

Formation 320MNGC Manning Canyon Shale

400PCMB Undivided rocks of

221SMVL Summerville Formation 320MOLS Molas Formation Precambrian age

Note: Many of the formation identifications given in various tables, the petroleum-test wells in particular, are those of reporting

companies; most reported identifications were not checked, or corrected, except where obvious errors had been made.
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'[aille 2.--Dcscription of geoloRic units known to underlie parts ()f the northern San Raf~el Swell ar{~a

[SC'f-~ table 1 for codes used in identifying aquifers or geologic units in tahles 9, 10, 11, and 14. Abbreviations: ft, fllet;
ft 3 /s, cuhic feet per second; gal/min, gallons per minute.]

Chardcter of material and hydrologic chariicteristics: See text for deseri ption of di-lta-site numbering system. Loci-itions of
sit(!:i are shown on plate 1.

f1ydr()logic chdri-1cteristics: Ranges of permeability and salinity are given on page lnterpretations of chemic:-tl Iluality
flf water are hased on analyses given in tahle 14, or for some aquifers, are inferred from the lithology or from gl'ophysicdl
l()gs. Rarlges ()f rermeability are partly base(1 nn hydra\ll.ic con(tuctivity as giverl in tahle 4.
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Youn~er alluvium, gravel
surfaces, and covering
deposits of dune sand
or other windblown
deposits -

Older alluvium and
older terrace deposits
and pediment cover

Tertiary and Upper
Cretaceous rocks,
undivided

Shale member of the
Cedar Mountain
Formation

Buckhorn Conglomerate
Member of the Cedar
Mountain Formation

Brushy Basin Shale
Member

Surficial deposits of clay, silt,
sand, and gravel. Local areas of
tailis or colluvium too small to map.
Along stream valleys, younger allu­
vium is well sorted, but generally
is less than 20 ft thick. Gravel"
surfaces may be the upper parts of
terrace deposits or the covering of
pediments. Dune sand is a well­
sorted veneer, as much as 20 ft
thick, and it occurs mainly in the
San Rafael Desert. Covering deposits
otherwise include substantial amounts
of clay and silt. In stream valleys,
deposits presently are (1980) bein~

incisecl.

Silt. sand, gravel and boulders.
Crops out in river valley south of
the town of Green River and under­
lies the channels of the Price and
San Rafael Rivers. Underlies gravel
surfaces, such as those along the
Book Cliffs. Thickness, 10 to 100
ft.

Mostly black to gray, Silty to fissile
shale and very fine to fine-,grained
sandstone. Full section is several
thousand feet thick, but only a
residual section is present around
the west and northeast flanks of the
San Rafael Swell.

Nodular shale. Thickness ranges
from less than 100 to about 600
ft.

Conglomeratic sandstone and (?)
shale. Discontinuous; thickness,
a to 125 ft.

Variegated, bentonitic shale, with
minor sandstone, conglomerate, and
limestone. Thickness, generally
200 to 400 ft.
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Very low to high (?) permeability. In
most Areas these depo~itfl are ahove thl'
water table; in strei-l.ln v'J1Leys thf'y ii.rl'

part of the opposit:s Lhat yi(~ld wat(~r Lo
shallow wells; they ar(~ lY.'is pprrnl':lhlt·
than t.he t1n(h~rlying older al.LllviulTI ilnd
more permeablp than most consoli.dated
rocks. Gravel surfaces and dune sand gpn­
eralLy are above the water tahle, hut lOC­

ally may yield small alnaunts ()f water to
springs, and both are good recharge Ine{li~.

In some areas, water from ltlese {Ie posits
may be fresh, however, they Keller~Lly

yield saline water hecause tl,ey receivl'
recharge from saline streamfl()w, they
contain (Ietritus fruln salirlc ('(lllsl)LiLialt'Ll
rocks, or hecause of evapotrallspiLILi.oll ill

areas where ttle water tahIl' is sfl:iLlow.
For exalnple, see records of wpLls
(D-20-16)17bab-l and (D-21-16)9«;1c-1.

Low to high permeability. In deeply
incised drainages, is in direct contact
with streams. In extensive deposits, as
near Green River, well yields mi~ht be
several hundred gallons per minute. In
some areas, water in the deposits is fresh.
In most places, however, it f,enerally is
saline, partly because of saline water
discharge from underlying hedrock arlLI
partly because of recharge from saline
streamflow.

Shale has very low permeability ann is a
confining bed for both the interbedded
sandstone and underlying formations. Up­
ward leaka~e through the shale probably is
nil. The sandstone, especially in the
lower units, is a freshwater aquifer west
of the swell (see Waddell and others,
1978, 1981, and Lines and Morrissey,
1983). Water in this section in some
areas is characteristically saline and
of the sodium bicarbonate type. Debris
from erosion of the shale degrades the
chemical quality of water in streams
carrying the debris and in alluvium
containing the debris.

Very low (?) permeability. Little known
regarding the permeability or chemical
quality of water.

Very low to low (?) permeability.
Probable source of springs such as
(D-16-12)16cbd-Sl. Yields range from
seepage to an estimated 30 ~al/min of
fresh to slightly saline water, mainly
of the sodium bicarbonate type. Where
deeply buried, formation probably yields
water of greater salinity.

Very low permeability. Retards ground­
water circulation; but near outcrop areas
yields small quantities of fresh to mocler­
ately saline water to springs slIch as
(D-19-9)lacd-S1. Debris from shale «dd"
to sediment load cRrried hy streams an(l
redllces the permeahilit:y of the b()ttomH
of alluvial channels.



Table 2.--Description of geologic units known to underlie parts of the northern San Rafael Swell area--Continued

Geolo~ic unit Character of materi~l Hydrologic cllaracteristics

-I-+--+----~--------\-------------------+----------~------------------

Salt Wash Sandstone
Hember

Summerville Formation

Curtis Formation

Conglomeratic, crosshed(ied sandst()11C
with minor shale. Thickness about
130 to more than 500 ft; oeems to
thicken southwestward toward the
central western side of study area.

Red-brown, even-bedded, thin-bedded
mUdstone, siltstone, and sandstone.
Local, small channel sandstone
inclusions increase (?) southward.
Thin beds and network of ~ypsum

veinlets are common. Very uniform
litholo~y in most of the area.
Thickens westward from about 100 to
700 fto

Greenish-gray and brown fine- to
coarse-grained glauconitic marine
sandstone and siltstone with minor
~reenish-~ray and red shale, and
local thin lenses of conglomerate.
Forms prominent marker between the
darker Summerville Formation and
Entrada Sandstone. Thickness, 31 to
223 ft; thins southward, thouRh
variable locally.

Very low tn low ('1) permeability. Little
ktlOWn ahout formation, hllt may contain
saline water in most places; exceptions
are near outcrops, especially in Cedar
Mountain area.

Very low permeability. Supplies water to a
few seeps such as (D-19-9)26cab-Sl which
yields a moderately saline water of the
sodium sulfate type.

Very (1) low permeability. Most water is
saline. Well (D-22-14)28ddd-l yielded a
moderately saline water in which bicar­
bonate was the dominant anion and which
was charRed with carbon dioxide. Spring
water at (D-19-13)13bbd-Sl was very saline
and of the sodium sulfate type.

Entrada Sandstone
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Mainly liRht reddish-brown to tan
massive crossbedded sandstl)ne and
reddish-brown siltstone that thicken
southwestward where the formation is
more clayey and massive. In north­
eastern part of area, formation con­
tains some lenses and beds of fine­
to medium-grained sandstone (sample
UTSR-28) that weathers to a golden
yellow. Total thickness, about 200
to more than 700 ft.

In ~eneral, formation consists of a
basal red shale and a sandstone bed,
overlain by a lower part of dense
limestone and an upper part of shale
with some sandstone and beds of
massive gypsum. Near the Green
River, the formation is about 100 ft
thick and is quite sandy; the shale,
gypsum, and limestone content
increase westward. At the west side
of the study area, the thickness i~

nearly 700 ft and is more than 1,000
ft west of the area. Salt occurs in
the formation (Gilluly and Reeside,
1928, p. 74; Hood and Danielson,
1981, table 10; U.S. Department of
Energy, oral commun., 1979); these
occurrences are an eastward exten­
sion of the massive salt hells west
of the project area (Stokes and
Cohenour, 1956, p. 27). This salt
ig one source of the saline water
found in the region. The formation
underlies much of the upper dip
slopes in the western San Rafael
Swell, where considerable slumping
of beds is due to solution, mainly
of bedded gypsum, in the area south
and east of Cedar Mountain, lime­
stone in the lower Carmel caps and
protects the Navajo Sandstone from
erosion.
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Very low to moderate permeability. Clayey
facies not known to he an aquifer. Water
may be fresh in and near sources of fresh
water recharge to the outcrop; chemical
quality probably deteriorates with distance
from outcrop and depth of burial. Fresh
water probably of the sodium bicarbonate
type. Saline water probably has sulfate as
the dominant anion, except circumstances
like that at well (D-22-14)28dba-l which
yielded a moderately saline water of the
calcium bicarbonate type heavily charged
with carbon dioxide •

Very low to locally high (?) permeability.
Formation in undisturbed state probably has
very low permeability, but where the rocks
have been fractured or exhumed, water
percolatin~ from the surface or leaking
from below, under artesian pressure, has
dissolved limestone and gypsum and has
developed cavernous zones and slumping
which accelerates the solution process.
Hood and Danielson (1979, table 1)
indicate yields of 2 ft 3 /s from fractured
parts of the formation. In the study
area, few large yields were found. Sand­
stone in test hole NSR T-6 yielded an
estimated 100 gal/min at 205 ft; spring
(D-23-8)30bdb-Sl, in the bottom of Kimball
Draw canyon discharged an estimated 10
~al/min. Most other sites yielded 5
~al/min or less. The basal siitstone
(including thin limestone laminae sllch as
sample UTSR-25) impedes ground-water move­
ment between the Carmel and the underlying
Navajo. The condition leads to perched
water occurrences in the Carmel where the
underlying NavajO may be only partly
saturated as at well (D-19-10)15bac-l and
sprin~s (D-24-16)27cbb-Sl and (0-25-13)
6aca-Sl j the springs are representative of
numerous sites in and near the San Rafael
Desert. Elsewhere, the basal beds are
fractured and leak, as at spring (0-21-14)
5aab-Sl, the water of which probably is
derived from the Navajo. Water in the
Carmel ranges from fresh to slightly
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Geologic unit

Carmel Formation-­
Continued

Navajo Sandston~

Character of material

Gray, buff, and locally red sand­
stone; thickly and intricately
crossbedded. See text.

Hydrologic characteristics

saline of mixed type, such as that from
spring (0-21-14)5aab-Sl, to slightly
to moderately saline water of the calcil1m
sulfate type, such as that from spring
(0-22-9)8aca-S1. Near the section of
rock, the water may ranRe from sliRhtly
saline to briny water of the sodium
chloride type. In most ~reas, sulfate is
the dominant anion.

Very low to moderate permeahility. Very
low permeHhi.lity when~ l1ndi~~tl1rbed.

ErraticHlly distrihuted [rHeturlng locally
enhances or decrea~es penTK·ahility. See
text. The sandstone yields fresh to
moderately saline water of mixed type.
I.ocally produces comlnerciaL CiJr!lon
dioxicie. See text.

Very low to low (?) permeahility. Samples
UTSR-14 and 14A indicate that .ilt.tone in
the formation is 1, 000 to 2, 000 times less
permeable than sandstone in adjacent heds;
the sandstone is about as permeahle as that
in the Navajo. AlthouRh the formation
probably acts as a confining bed between
the Navajo and Wingate Sandstones, because
of lower relative permeability, the forma­
tion can leak water from one sandstone to
the other, especially where the Kayenta is
fractured or artesian pressure is present
in the underlying WinRate. The siltstone
beds create perched water areas in the base
of the otherwise drained Navajo or in the
top of the Kayenta, as indicated by test
wells, (0-19-12)9dbc-l and (0-19-12)30hba-l
and Keg Spring, (0-26-16)lcda-Sl. Water
from KeR Spring reportedly is fresh; else­
where, water in the formation may be saline
or similar in quality to that in the Navajo
and Wingate Sandstones.

Very low to moderate (?) permeability.
Grain-size, porosity, and permeability
analyses indicate that the sandstone has
about the same K as the lower and middle
parts of the Navajo, but overall permeabil­
ity probably is somewhat lower because of
the included siltstone beds. Low to mod­
erate permeability can be inferred for the
sandstone where it is strongly jointed or
fractured. Yields small quantities of
fresh to Slightly saline water to springs
such as (0-23-10)9bbd-Sl, which yields less
than 1 gal/min. Well yields are inferred
to be smaller than those estimated for the
Navajo (see text). Near recharge areas,
water in the Wingate is of the calcium
magnesium bicarbonate type. In slightly to
moderately saline water, the dominant anion
is sulfate. Where deeply buried, water in
the WinRate probably is more saline than in
the Navajo under similar conditions.

Chinle as a whole has very low to low (?)
permeability. Most of formation is too
fine grained to accept much recharge.
Conversely, it enhances surface runoff
and contributes much sediment to surface
water. Yields small amounts of water to
seeps. Well (D-24-9)5bcb-l has a large
drawdown (table 9) when pumping an
estimated 10 gal/min of slightly saline
water in which sulfate is the dominant
ion. Two petroleum-test wells respec­
tively yielded moderately saline water of
the sodium bicarbonate type and very
saline water in which chloride is the
dominant anion.

Irregularly bedded grayish-pink and
maroon shale, siltstone, and fine-
to coarse-grained sandstone, in part
conglomeratic, with minor beds of
limestone. Contact with overlying
Navajo is transitional in some areas.
In some areas reported thickness of
Kayenta differs siRnificantly from
well to well, indicating possihle
erosion surface on top of the for­
mation. Thickness, 50 (?) to 350 ft,
increasing from north to southwest.
Shaliness decreases southeastward.

Reddish-brown to buff, very fine to
medium-grained cross bedded sandstone.
Calcareous, at least in outcrop;
poorly to well indurated; contains
several interbedded layers of silt­
stone in vicinity of sample UTSR-l1.
Almost as uniform in lithology as
the Navajo, but contains more fine­
grained constituents. Most outcrops
are in vertical cliffs that have a
cap of remnant Kayenta Formation and
are strongly jointed. Thickness,
100 to 220 ft on west, and increasing
to 500 to 600 ft on east side of
study area.

Regionally contains seven members,
mostly of fluvial and lacustrine
origin; not all members present
at any given locality. (See
Stewart, Poole, and Wilson, 1972)
Mudstone, siltstone, sandstone, and
some conglomerate in various shades
of purple, red, and brown. Total
thickness ranges from about 200 to
almost 700 ft, increasing southward.

Yellowish-gray, fine- to medium­
grained, lenticular, conglomeratic
sandstone; minor mudstone seams,
limestone conglomerate, and coaly
material. This is the member
irlentifieo in early petroleum-test
wells as the '·Shinarllmp Conglom­
erate" which is absent in the
northern and central San Rafael
Swell.

Kayenta Formation

Wingate Sandstone

Chinle Formation
(Upper part)

Moss Back Member
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Geolol\ic unit

Moenkopi Formation
(Upper part)

Sillhad Limestone
Member

Moenkopi Formation
(Lower part)

Kaihah Limestone

Character of material

Reddish-brown. ripple-marked, even­
bedded, fissile mudstone and silt­
stone, and fine-grained sandstone,
with thin layers and veins of
I\ypsum. Locally petroliferous. In
part of study color chanl\es from
red to I\ray, probably as a result
of reduction associated with carbo­
naceous materials. Thickness, 200
to 775 (?) ft.

Yellowish-gray and tan, thin- to
medium-bedded, oolitic dolomite
and limestone, with minute amounts
of siltstone and sandstone. Forms
prominent benches where exposed in
the central part of the Swell.
Average thickness about 100 ft •

Light reddish-brown, yellowish-gray
and green or bluish-gray, even­
bedded siltstone and sandstone
containing gypsum veinlets; chert­
pebble conglomerate at base.
Thickness, 20 (?) to 140 ft. Total
thickness of the Moenkopi Formation
is 360 to 1,100 ft or more,
increasing from east to west.

Light-I\ray to hrown, cherty, silty
limestone~ some dolomite; white,
calcareous siltstone; thin beds of
white, crossbedded, fine-grained
sandstone. Cap8 terraces and edRes
of cliffs of the Coconino Sandstone
in the east-central part of the
Swell. Average thickness in the
Swell is about 100 ft. Thickens
southwestward from a ft near the
northeastern side of the Swell.

Hydrologic characteristics

Moenkopi, as a whole, has very low to
low (?) permeahility. [n and near out­
crops, particularly in the hil\her parts
of the Swell, the formation yields small
amounts of fresh to slil\htly saline water
of the mal\nesium calcium sulfate type.
Sprinl\ discharl\e points probably are
related to fracturinR. Larl\est yield
found is at Sulfur Spring. one of a group
of springs in the canyon of the San Rafael
River (Hess, 1911). This spring dis­
charges an estimated 200 gal/min of a
moderately saline water of the calcium
sulfate bicarbonate typej the water from
the group contains a large amount of
hydrogen sulfide and probahly carbon
dioxide. Water from well (D-23-10)12ddd-l
contains a measurable amount of hydrogen
sulfide. Records of petroleum-test wells
show that the formation, where deeply
buried, contains moderately saline to
briny water of mixed types.

Core samples of the Sinbad Limestone Member
indicates Renerally very low permeability
for most areas; however, where the lime­
stone is at the surface or has heen
strongly fractured, ground-water circula­
tion probably has developed local cavernous
zones. Samples from petroleum-test wells
indicate the deeply buried limestone
contains saline to briny water.

See discussion of Moenkopi, as a whole,
under section on upper part, above.

Core samples generally indicate very low
permeability for most areas, where undis­
turbed. Where the limestone is at or near
surface or has been fractured, ground-water
circulation probably has developed local
cavernous zones. The sinkhole which is
stoped up into the Moenkopi Formation in
(D-22-12)10 (pl. 1) probably is due to
solution of the underlying Kaibab. Water
in the limestone may be fresh near outcrops
in the Swell; where the formation is deeply
buried, as in petroleum-test well (D-18-14)
30ccb-l, the water is briny and of the
sodium chloride type.
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In much of study area, sandstone of
Permian age is called the Coconino
Sandstone (Stokes, 1964); near the
east flank of the Swell, the Coconino
interfingers with members of the
Cutler Formation. The Coconino
consists of liRht-~ray to buff,
friable to very hard. very fine to
medium-grained, thickly crossbedded
sandstone, with some grit and lime­
stone (?) near base. Upper contact,
where exhumed, weathers to a hackly,
()Ilgh surface that has bright red
iroll-rich patches. Thicknl'ss aver­
"~es ahout 700 ft.
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Very low to low (?) permeability. Surface
and shallow core samples indicate that the
upper part of the Coconino has permeability
and porosity in the same rarlge as samples
in the Navajo. Where deeply buried,
unleached and unfractured, permeability may
he lower. Wells (D-22-11)23bdc-l and
(O-23-11)22ccc-1S indicate the siindstone is
partly to fully ,Irained in the highest part
of the Swell. J. A. Rice (petroleum Ke(ll­
ogist, written communi Jan. 9, 1917), on
the basis of 15 shallow test holes west of
Temple Hountain found "abundant" watc~r (it
depths ()f 12 te) 350 ft; wal:(!r was !'invari­
ably encountered. The w~ter level tru!ltled
roughly parallel to land sllrfilce. Water in
the Cocnninc near outcrops probably is
fresh to slightly saline and of mixed
tvpes, as in well (O-23-9)2cch-l. \Iater
from petroleum tl~sts is mOtter;tl~ely salirle
to briny and of the sodium chloride type.
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Very low (1) permeahility. Characteristi.cH
not known.

St'" di:-l(:IIHHioJl of Cocollino ~;;IIl(IBt()rll'.

Pl'Lrolpwn-teHt wplls in this uilit sOllth
of Rtudy an'i-l generally yU'ldpd sLightly
to moderately saliI1E! water.

See discussion of Coconino Sandstone. No
water samples, but water prohably salillc.

Very low (1) permeahility. Water samples
from the Hermosa are mainly from the
Paradox Memher (see below). Those reporLpd
for ()ther Inemhers are very saline to I>riny
and are of the Rodium chloride typt' •

Characteristics unknown. Permeability
probably very low; water probably saline.

Characteristics not known. Permeability
probably very lowj but probably confines
water of unknown quality in Mississippian
rocks.

Cbaracteristics not known. Permeability
probably very low; water probably hriny.

Reddish-brown siltstone and thIn­
bedded, fine-grained sandstone.

~;('e diSCllfJSlOn of Coconino S;lIldstOIl('.

White, grCiY, and huff, firw- r~()

medlum-grain(~d ::trkosic ('t) sandstone>.

Char.'lctt'r of m;llprLd

Elephant Canyon is mainly (?) lime­
stone and present mainly in and near
the Swell. Interfingers (?) with
Rico or decreases in thickness as
Rico thickens. Rico Formation
consists of sandstone, cherty lime­
stone, siltstone, and shale.
Thickens southeastward from about
300 to about 800 ft at east edge of
study area.

Limestone interbedded with cross­
bedded arkosic (1) sandstone, silt­
stone, and shale. Thickens south­
eastward.

Yellowish-gray, reddish-orange, and
reddish-brown, friable, fine- to
coarse-grained arkosic (1) sandstone,
with minor beds of red sandy shale
and gray cherty limestone.

This unit is not expos eo in study
area, but underlies the eastern part
of the area; the lithology changes
radically both to the northwest and
the southeast. Thickness, about
1, 000 ft.

A small exposure of this (?) unit is
mapped by Stokes (1964) in Straight
Wash, near the central east edge of
the Swell.

Mainly dark-gray limestone, dolomite,
and shale.

Variegated claystone, and shale,
siltstone, and conglomerate; includes
limestone and chert regolith in
karst surface in upper 10 to 100 ft
of underlying Mississippian rocks.
Present only (?) where Mississippian
was exposed at surface during
deposition of Manning Canyon (?)
Shale in northwestern part of area.
Thickness, 20 to about 500 ft.

Total thickness of Hermosa Formation
or its equivalents ranges from less
than 2,000 ft north and west of the
Swell to a minimum of about 200 (?)
ft in the Swell and thickens south­
eastward to more than 5,000 ft near
the Green River.

IJpper member of Hermosa
(includes Honaker Trail
Formation of Wengerd
and Matheny, 1958)

Lower member (Pinkerton
Trail Member of
Wengerd and Strickland
1954)

Molas Formation
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Geologic unit

Manning Canyon (7)
Shale

Humbug Formation

Redwall Limestone
"Leadville Limestone"
Deseret Limestone
"Madison Limestone or

Group"

Character of material

Black to gray (1) marine shale. silt­
stone, claystone, and (1) limestone.
Present only (7) in northwestern
part of study area •

Mainly limestone and dolomite. Both
upper surface and some zones inter­
nally are locally (7) cavernous.
W. O. Quigley (written commun.,
August 30, 1969) described a reef­
like zone within the upper 100 ft
of the formation. that had a 2-ft
open cavity. at (0-20-14)33baa-1.

Note: the study area is in an area
of transition among the lithologies
and nomenclature used for the
Colorado Plateau, Basin and Range
and Wasatch Plateau areas. See
Cooper (1955, p. 63, 65) and Rocky
Mountain Assoc. Geologists (1972)
for discussion of formation names,
lithologies, and extent of geologic
uni ts.

Total thickness of Mississippian
rocks ran~e from 0 (7) to about
1 ,800 ft. They are removed or
perhaps faulted out at well
(1l-24-9)14dda-l.

Hydrologic characteristics

Characteristics not known. Permeability
probably very low; but probably confines
water of unknown quality in Mississippian
rockR.

Very low to high permeability. Cores from
petroleum tests show that undisturbed
carbonate section has very low
permeability. Where faulted, fractured,
or dissolved by ground water, the
permeability is high. In the test
described by QUigley, the bit dropped
about 2 ft on entering the cavernous zone
and the circulation of drilling fluid was
lost abruptly. Many of the petroleum-test
wells that were drilled to test these rocks
yielded relatively large amounts of water;
one or more of the wells flowed when
tested. Most water samples from petroleum­
test wells were very saline to briny and of
the sodium chloride or sodium magnesium
chloride type. However, in well (0-23-10)
28dbb-1, where the Mississippian is
relatively shallow, the water recovered was
slightly to moderately saline and of mixed
types, indicatin~ probable local recharge
from downward leakaRe through the over­
lyin~ rocks.

l---1---l-_-L--.Lo__~_ -- 00 0 0 -+ o ~ _

Undivided sedimentary
rocks. [Includes
Elbert Formation,
Ouray Limestone,
Lynch Dolomite,
Bowman and Hartmann
Limestones. Ophir
Shale, and Tintic
Quartzite]

Undivided rocks of
Precambrian age

Includes quartzite or quart.itic
sandstone, sandstone, siltstone,
con~lomerate, shale, limestone, and
dolomite. Thickness about 2,000 to
3,200 ft.

Granitic and metamorphic rocks.
Depths and altitudes vary widely;
depths 10,840 ft in well (0-17-10)
1dbb-1, and 4,083 ft in well
(0-22-12) 5abd-1 •
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Characteristics not known. Permeability
probably very low.

Characteristics not known. Permeahility
probably very low.



Table <\.--Keslllts of laboratory analyses of rock sW:lples from

[See tahle 13 fCJr sample liescriptions. AIJ!)reviiltil)[lS:

Location: SP(' <It.·scription of well- <lnd Hprinp,-n\lmhering sy."ltc·m.
~~I'di(\n si/:t,: MI't11dll '-= d')O diameter of 'i() percentile,_
Sl)rLLnf~ co{!!"ficil'nL: (;f'oml~t-_ric qll:lrtill' dpviatioll, 'Q'lI(~l, '-;lkl'n frolll l'umll!,lliv(' Cllr"VI'S r('prest'rlLing Frl'qlll'!\('Y d;ll:l

of sediments. Q'l'" 25-perce2t quartile, q1 ,~ 75-pprcl'nt ql.lartil(·.
Skewness: (QI x Ql)!(median)""
Kurtosis: (Qj - Ql)!2 (P90 - 1'10) taken from cumulative curves. 1'90 ~ 90 percentile, 1'10 ~ 10 percentile.
l]nifc)rluity coefficient: Uniformity coefficient sorting index ~ d60/dl0.
Carbonate content: Calcium carbonate equivalent by carbon dioxide absorption method.

Grain size (millimeters) in percent by weight

Sand

Location

(D-23-13)24add-1

Sample No.

UTSR-28

Clay
<0.004

Silt
0.004-0.0625

6.1

Very fine
0.0625-0.125

5.7

Fine
0.125-0.25

40.0

Medium
0.25-0.50

44.2

Coarse
0.5-1.0

3.2

Very COdrse
1.0-2.0

En t r;fda

0.0

Navajo

(D-18-12)25aac-l
(D-19-10)13dbd-1
(D-19-11)17bba-1

20bca-1
(D-19-12)30bba-l

(D-20-12)3dab-1

(D-20-13)15cad-1
15daa-l

(D-21-9)15add-l
15dda-1

(D-22-13) 12aab-1
12aba-1
12abb-l

12abb-2
35bdc-1

(D-23-9)3bda-l
3bdb-l

(D-23-13)27bcc-1

28add-1
(D-24-12)35bcd-l

35bcd-2
35cbd-2

(D-24-14)32aac-l
(D-24-16)12bcb-l

15dbb-l

(D-22-10)33bca-l
33bca-2

(D-19-11)33bbd-l
(D-22-13)ldcd-l

35bcc-l
(D-23-10)9bbd-2

UTSR-4
UTSR-5
UTSR-26
UTSR-24
NSRT-2-50
NSRT-2-60
NSRT-2-100
NSRT-2-140
NSRT-2-180
NSRT-2-210
NSRT-2-220
NSRT-2-260
NSRT-2-300
NSRT-2-340
NSRT-2-380
NSRT-2-420
NSRT-2-450
NSRT-2-500
UTSR-27-2
UTSR-27-6
UTSR-27-9
UTSR-27-13
UTSR-20
UTSR-21-2
UTSR-21-4
UTSR-30
UTSR-29
UTSR-3
UTSR-2
UTSR-l

UTSR-1A
UTSR-8
UTSR-16
UTSR-15
UTSR-19A-2
UTSR-19A-6
UTSR-19
TQUT-5
TQUT-4
NS-7A
UTSR-18
UTSR-7
UTSR-22-2
UTSR-22-9

UTSR-14
UTSR-14A

UTSR-6
UTSR-11
UTSR-9
UTSR-17

8.0
11.9

11.9

7.0
8.0

10.0
7.0
6.0

12.0
16.0

5.4

9.6

7.4

7.9

19.4

9.0
6.9

12.3

2.2
2.2
5.2

2.8
6.4

6.9

8.8

.7
1.3
1.5
1.9
7.9
2.5
2.6
6.2
3.5

9.7

12.7
2.4
6.9
1.1

4.4
7.0
4.5
4.0
7.2
3.4
4.0
4.6

6.4

3.3

10.9
14.6

20.0

22.8
25.4
19.6
24.3
22.6
27 .4
32.9

1.0

34.7

11.5

3.2

26.6

8.1
33.5
6.5
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16.3
27.4
34.2

.6
29.1
27.3
33.3
41.1
37.8
40.8
33.5
45.7
60.5
39.3
53.5
42.1
34.3
4.8

17.7
6.7

15.9
44.7
18.3
10.4
44.8
44.5
18.5
30.2
49.3

26.0
22.2
51.8
19.3
59.1
30.3
32.1
80.0
17.0
68.8
10.2
31.3
42.8
41.4

16.6
52.9

28.6
65.0
47.0
69.4

47.9
69.4
52.5

24.1
37.0
18.2
19.9
41.9
26.0
41.4
29.5
17.7
9.3

28.4
17.0
17.4
13.9
17.8
28.0
37.6
27.6
37.6
73.5
77 .9
39.0
51.0
41.7
59.7
6.2

43.4
63.8
40.2
38.0
19.8
59.2
42.7

.5
43.0
24.0
41.8
60.9
46.1
39.8

71.8
4.0

47.9
18.8
12.4
13.8

31.6
1.0
7.8

72.3
26.3
35.3
17.9
9.5
4.2
8.5
6.9
3.1

.3
1.0

.9
1.1
2.7

74.4
51.6
53.2
49.5

9.8
5.7
9.0
9.0
1.0

33.2
.3
.2

17.9
11.6

1.1
41.5

3.3
6.1

17.6
15.0
35.0

.0
42.5

3.8
6.3
8.4

5.2
.0

20.2
.1
.1

1.0

2.0
.0
.3

.2
1.2

.3
2.4

.3

.1

.5

.3

.1

.3

.0

.0

.0

.2
2.3
1.4
1.0
5.1

.0

.0

.1
1.0

.0

.2
.1
.0

.0

.0

.0

.1

.1

.0

.6

.0

.2

.0
2.1

.0

.2

.3

0.0
.0

0.0
.0
.0
.0

0.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

Kayenta

0.0
.0

Wingate

0.0
.0
.0
.0



outcrops, test-well drill cuttin~s, and shallow core holes

mm, millimeters; ~m/cm3. ~rams per cubic centimeter.]

Specific
Dry unit gravity of Carbonate

Median Sortin~ Uniformity , weight solids content
size coefficient Skewness Kurtos is coefficient

(~m/ cm 3)
(percent)

(mm)

Sandstone

0.239 1.51 0.971 0.285 2.80 2.01 2.73

Sandstone

0.197 1.48 1.07 0.248 2.62 2.26 2.62 2.4
.153 1.33 .932 .280 2.22 2.24 2.65 .00
.144 1.46 .903 .305 2.38 2.28 2.63 .67

2.31 2.64 .00
.310 1.30 .953 .266 2.26
.164 1.66 .966 .258 2.90
.11,4 2.05 1.08 .290 26.4 2.67
.102 2.00 1.09 .215 41.2 2.68
.129 1. 52 1.00 .299 2.30
.OR71 2.37 .486 .279 36.4 2.69
.126 1. 52 .994 .299 2.33
.0949 2.52 .473 .303 22.5 2.65
.0804 1.82 .645 .220 19.2 2.64
.0790 1.47 .816 .235 22.1 2.66
.0869 1.81 .779 .249 17.1 2.66
.0825 1. 56 .781 .205 11.7 2.67
.0744 2.39 .399 .267 43.9 2.65
.0639 2.32 .510 .249 39.1 2.64
.321 1.26 1.00 .238 2.36 1.91 2.66 .08
.260 1.58 .780 .306 3.39 2.17 2.65 .00
.264 1.47 .893 .310 2.33 2.04 2.64 .00
.267 1. 59 .797 .303 3.45 2.14 2.64 .00
.120 1. 52 1.07 .291 2.22 2.05 2.65 .25
.165 1.27 1.00 .249 2.18 2.10 2.66 .00
.174' 1.25 1.00 .268 1.86 .00
.123 1.51 1.06 .294 2.21 2.65 2.3
.128 1.44 .955 .306 2.13 2.66 .17
.190 1.54 1.04 .257 3.13 2.21 2.69 1.5
.141 1.45 .845 .308 2.51 2.55 2.65 .17
.0677 1.55 .845 .248 13.1 2.45 2.74 35.8

370.7
348.8
439

.150 1.60 .864 .240 3.21 2.15 2.68 .40

.165 1.31 1.00 .231 2.32 2.12 2.69 .08

.111 1.44 1.06 .288 1.96 1.93 2.66 1.8

.214 1.56 .975 .287 2.98

.0913 1. 34 1.00 .157 4.01 2.20 2.67 .00

.150 1.41 .897 .299 2.37 2.09 2.68 .33

.1,... 9 1. S6 .927 .236 2.63 2.13 2.66 2.7

.1l'12 7 1 .2/4 1.00 .0811 1. S4 2.02 2.67 .00

.1'17 1 .I)? 1.01, .262 2.93 2.16 2.73 .00

.1)')h2 1.7.9 1.00 .199 1.65 2.66 .00

.n') 1.',1 .<J9') .2Hl 2.1',

. II,~ 1./,1l .liel') • 'lOll 2.'17. 2. '17. 2.68 .n

.110 I .11K .1)/'1 • 'WI 7..7.1 2.0/, 2.65 .'>0

.In I. ')l 1.02 .'19/. 2.'lR 2. I0 2.65 .00

Flll~t1lal: inn

0.162 LV 1.00 0.238 2.46 2.00 2.68 2.3
.0685 1.55 .802 .242 81 .5 2.20 2.65 1.4

SrIndstone

0.162 1.48 0.934 0.227 2.55 2.16 2.68 0.50
.0897 1.31 1.00 .162 4.16 Z.12 2.65 1.6
.0719 1 .57 .850 .227 10.5 2.26 2.66 9.6
.0880 1.28 LaO .145 15.0 1.89 2.69 3.6
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'fable 3.--Results of laboratory analyses of rock samples froln out

Grain size (millimeters) in percent by weight

Sand

Loc,qtion Sample No. Clay

<0.004

SiH

0.004-0.0625
Very fine

0.0625-0.125
Fine

0.125-0.25
Medium

0.25-0.50
CO<-l rse

0.5-1.0
Vpry coarse

1. () - 2.0

M:Jss Hack Sandstone

(0-22-13)35bcc-2 IJTSR-l0 1.7 11.2 63.4 23.7 0.0 0.0

Coconino

(0-21-11 )25ddd-l IJTSR-1l 1.3 15.6 60.9 20.3 1.9 0.0
25ddd-2 UTSR-13A-1 3.1 14.7 48.2 27.1 6.9 .0

UTSR-13A-3 1 .5 10.1 52.2 31.1 5.1 .0
UTSR-13A-5 1.3 22.7 70.1 5.9 .0 .0
UTSR-13A-6

(D-23-11)27bca-l UTSR-23-1
UTSR-23-5 2.9 21.0 58.8 13.8 3.4 .1
UTSR-23-9 7.9 22.7 53.5 13.7 2.1 .1

(D-23-13)8cbc-l UTSR-12 .5 .6 49.6 47.5 1.8 .0

Sample was too hard to disaggregate for sieve analysis.
Last segment of sample number designates depth to bottom of 10-foot sample. All samples from air-rotary drilling in dry

formation.
Rerun of carbonate content.
From point count during thin-section analysis by Core Laboratories. Inc. Does not include 8 percent organic material

which also is a cementing agent.
Sieve analysis by Core Laboratories, Inc., converted to units and ran~es used by the U.S. Geological Survey.
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crops, test-well drill cuttin~s. and shallow core holes--Continued

Specific
Dry unit ~ravity of Carbonate

Median Sorting Uniformity weight solids content
size coefficient Skewness Kurtosis coefficient (percent)
(mm) (/1m/em :l)

Member of the Chinle Formation

0.188 1. 31 1.00 0.193 2.00 2.28 2.66 0.08

Sandstone

0.182 1. 33 1.00 0.183 2.22 2.14 2.66 0.33
.200 1.51 1.11 .235 2.65 1.2
.208 1.47 1.11 .255 2.12 1.66 2.65 .08
.162 1.28 1.00 .255 2.19

2.26 2.64 2.3
3.6

.170 1.34 1.00 .180 2.42 2.02 2.66 .17

.161 1.45 .906 .216 2.75 2.10 2.66 .17

.248 1.43 1.02 .301 2.02 2.05 2.64 .00
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Tahle 4.--Permeability and porosity

[Determinations, eKcept as noted, by Core Laboratories, Inc .. Dallas, Tex. 1 Abbreviations: ft/d, feet per day;
lbs hn 2 , pounds per square inch.]

Location: See oescription of well- and spring-numbering system.
Sample No.: See table 13 for description of samples and sample sites.
Air permeahility: See Weeks (1978, p. 3-6) for discussion of relation of air permeability and hydraulic conductivity.

See sections on definition of terms and relation of units; a, avera~e of values for two or more samples.
Hoyle's Law porosity: See Katz (1959, p. 36-40) for discussion. Determination made with helium; a, avera~e of values

for two or lnore samples.
Overburden pressure: Simulated in laboratory loadin~ chamber.
Calculated porosity: Determined by the U.S. Geolo~ical Survey from the ratio of dry unit wei~ht (apparent specific
gravity) to the specific gravity of solids (grain density).

Permeability ratios: HjV, horizontal to vertical values; A, air; Wt water; W/A, water to air values; H, hori2ontal; V,
vertical.

Locdt ion

(D-23-13)24add-1

(D-19-11)17bba-2

Sample
No.

UTSR-28

UTSR-25

Permeabi li ty
(mi 11 idarc ies)

Horizontal
Hydraulic

conductivity
(ft/d)

Boyle I sLaw
poras i ty
( percent)

Overburden

m:i~~'2)

Entrada

Carmel

200

Navajo

(D-18-12)25aac-1
(D-19-10)13dhd-1
(D-19-11 ) 17bba-l

20bca-1

(D-20-12)3cab-l

(D-20-13)15cad-l
15daa-1

(D-21-9)15add-1
15daa-1

(D-22-13)12aab-1
12aba-1

12abb-l

35bdc-l
(D-23-9)3bda-l

(D-23-13)27bcc-1

28add-l
(D-24-12)35bcd-1

35bcd-2

35cbd-2

(D-24-16)12bcb-l
15bdd-l

(D-2Z-10)33bca-l
33bca-2

UTSR-4
UTSR-5

UTSR-26
UTSR-24

UTSR-27-1

UTSR-27-2
UTSR-27-4

UTSR-27-6
UTSR-27-7
UTSR-27-9

UTSR-27-12
UTSR-27-13

UTSR-20
UTSR-21-1
UTSR-21-2
UTSR-21-3

UTSR-30
UTSR-29

UTSR-3
UTSR-2

UTSR-1

UTSR-1A
UTSR-8

UTSR-16

UTSR-19A-l
UTSR-19A-2
UTSR-19A-3
UTSR-19A-6
UTSR-19A-7

UTSR-19
TQUT-5 2
DAN-15
DAN-18
DAN-19
TQUT-4 2
DAN-21
OAN-22
OAN-23

76UT-39-1 2
76UT-39-2 2

NS-7A

UTSR-7
UTSR-22-1
UTSR-22-2
UtSR-22-5
UTSR-22-9

UTSR-14
UTSR-14A

26 14 0.034 11.5
26 12 .029 11.4

1,420 1,030 2.5 19.4
640 1.6

1,920 18.5

3,930 2,110 5.1 19.6

500 69 .17 20.6

1,270 200 .49 22.1

14 4.6 .011 14.1
13 3.6 .0089 13.8

.03 <'01 <.00002 6.7

.02 <'01 <.00002 6.7

590 330 .80 20.7
1,150 660 1.6 26.3

600 1.5

175 17 .5

1,530 560 1.4 21.2

.30
264 24.3
256 24.1
224 23.1
215 22.8

550 190 .46 21.4

1,200 500 1.2 23.4
1.7 .3 .00073 14.1

60

200
200
500
200
500

200
500

200

200

200
200

zoo

200
200
500
200
500

200
200
500
200

200

200

200
ZOO
zoo
200
200
200

200
500

1,000
1,500

200
200

zoo

Kayenta

200
200



of outcrop and core samples
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Table 4.--Permeability and porosity

Location

(D-19-11)33bbd-l
(D-22-13)lcdd-l

35hcc-l
(D-23-10)9bhd-2

Sample
No.

UTSR-6
UTSR-l1

UTSR-9
UTSR-17

Permeability
(millidarcies)
Air Water

560

Horizontal
Hydraulic

conductivity
(ft/d)

0.83

Boyle I sLaw
poras i ty
( percent)

24.8

Overburden
pressure
(lbs/in 2)

Wingate

200

(D-22-13)35hcc-2 UTSR-l0

Mos!'J Hack ~;<-lnds tont'

Sinbad Limest()ne Member

(D-17-12)lbha-1 3,4
(D-24-13)23cdc-1 3

(D-25-13) 12bcc-1 3

(D-24-13)23cdc-1 3

1
2
3

1-6
7

8-23
24-28

29
1-6

7
8-12

13-15
16-19
20-21
22-23
24-26

27
28-33

34
36

30-51
52

53-59
60
61

62-65

.Oa
48
16

.13
23a
6.4

.46a

.076a

.03

.07a

.03

.05a

.03a
1.08a
1.04a

.93a

.037a
10

.27a
7.1

.05a
2.7

108a
2.8

.78

.58a

.Oa 6.7a
20.4
17.3
4.4

14.3a
11.1
7.4a
3.1a
3
4.2a

.8
3.1 a
2.4a
5.5a

10.5a
10.5a

1.5
19.2
7.2
8.9

11.2

1.9a
13.5
6.8a

12
10.5
8.5a

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

Kaibab

200
200
200
200
200
200

Coconino

(D-21-11)25ddd-1
25ddd-2

(D-23-11)27bca-l

(D-23-13) 8cbc-1

(D-25-13)12bac-1 3

UTSR-13
UTSR-13B-1
UTSR-13B-2
UTSR-13A-3
UTSR-13A-5
UTSR-13A-6

UTSR-23-4
UTSR-23-5
UTSR-23-6
UTSR-23-9

UTSR-12

37-41
42

43-47
48
49
50

51-53
54-56
57-58
59-60
61-62
63-67
69-72

375

970

1,390

3,080

.46a
2.6
1.2a
6
7
5.1

.31a

.53a

.18a

.045a

.14a

.029"

190

650

1,850

.46

1.6

4.5

15.1

18.8

21.7

24.6

10.1a
20.2
19.4a
21.6
15.8
20.1
12a

2.63a
8.2a
7.4a
9.7a
6.3a

200
200

200

200

200

Mississippian

200
200
200
200
200
200
200
200
200
200
200
200

2
3
4

In samples submitted by the U.S. Geological Survey, horizontal or vertical 1 l/2-inch plugs·were drille(l, tJsing wilter
as the coolant and lubricant. Plul\ samples were leached of salts with methyl alcohol and then thorOUI\hly dried.
Air permeability and Boyle's Law (helium) porosity were determined for these dry cores. Selected samples were
evacuated and pressure saturated with filtered, degassed Dallas tap water. Specific water permeability was deter­
mined using that water.

From Hood and Danielson (1981, tables 11 and 12).
Data from petroleum-test wells (table 11), filed with the U.S. Geolol\ical Survey by the lease operator.
Determinations by Rocky Mountain Engineerinl\ Co., Denver, Colo.
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of outcrop and core samples

Permeability
(millidarcies)
Air Water

Sandstone

Vertical
Hydraulic

conductivity
(ft/d)

Boyle's Law
porosity
(percent)

Calculated
porosity
(percent)

A w H v

290 150 0.37 23.1
19.4
20
15
29.7

1.93 2.27 0.61 0.52

~11'11lhe r () f Ch i n Il' 1"0 rma t ion

of Hoenkopi Formation

Limestone

14.3

Sandstone

19.5
200 130 .32 16.2 .65

.51
37.3

550 16.3 1.76 .67
14.8

430 21.2 3.23
24

625 22.1 4.95 .60
21.1
22.3

rocks
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Table 5.--Summary of short aquifer tests
[See text for definitions of tenus and relation of units. Abbreviations: gal/min, gallons

per minutei ft, feeti ft2/ d , feet SQuared per day; ft/d, feet per day; hrs, hour's.]

Discharge: E, estimated; F, flowed. Value is weighted average where not estimated.
Transmissivity from straight-line methods: Each analytical plot contains two or three straight-line seE9llents. Values are listed in order of increasinp;

time since recovery began.
Remarks: Temperature and specific conductance measured at well. Temperature is in degrees Celsius (oC). Specific conductance is in micromhos per

centimeter at 25°C (umhos), a.s determined by conductivity meter.

From
stralght­

line
methods

Well
number Date

Pumping
period
( hr.s)

Maximum
ob­

served
draw-

Discharge down
(gal/min) (ft)

Transm~SSiVity
~liL.-__

Esti­
mated

from
specific
capacity

HydraUlic
con­

ductivity
(rt/d)

Remarks

(0-17-13) 30ddd-l S 6-28-79 ~ .00 11.8 61
~55

150

67 0.3
2

.7

Petroleum-test well plugged back and left for water
well; never used. May have been somewhat cleaned out
by test pumping. Water level 1 year later was about
20 ft lower than pre-pumping level. Final
temperature, 16.0 °Ci specific conductance, 11,600
umhos.

(0-20-10)6bdd-l 7-1~-80 >12 10 E,F (2) 6~2 2 U.S. Geological Survey test hole NSRT-1. Navajo
256 .8 Sand:stone isolated with borehole packer set at 1~2 ft.

Artesian-pressure recovery measured for 1.2 hra.
Final temperature, 13.0 oC, .specific conductance, 968
umhos.

(D-23-14) 25 bca-1 7-23-80 >17 1~ F (2) 27 .1 U.S. Geological Survey teat hole NSRT-6A. Navaj 0
37 •2 Sand:stone isolated with borehole packer 5et at 445 ft .

Artesian-pressure recovery mea sued for 1.73 hrs.
Final temperature, 16.5 0C; specific conductance, ~2

UJllhos.

(0-2~-13)11adb-1S 5-1~-80 3.17 10.2 3>10 53 .1 Petroleum-test well plugged back and left for water
171 .~ well; never used. Open hole from Entrada Sandstone to

Chinle Formation. Final temperature, WaC; specific
conductance, ',068 umhos.

(D-2~-13)36dba-l 5-13-80 2.0 13.3 25.9 100 .2 Unused well. Open hole froDI Navajo Sand3tone to
36 .09 Chinle Formation. Final tem pera ture 15.0 0C; specifi c

260 .6 conductance, 2,530 unlhoB.

Actual measurement. Neglects probable effect of surface inflow that would have made pre-pumping water level abnormally high.
Initial shut-in head unknown. Water levels affected by drilling procedures; hole flowed for hours prior to test.
No pumping level measured because of depth to water and size of hole.
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Table 6.-Summary of hydrologic estimates

[Abbreviations: acre-ft/yr, acre-feet per year.]

Complete hydrologic system

Inflow

Precipitation (p. 28)

Price River; stations 09314250 plus 09314280 (table 7)

San Rafael River at station 09328000

Ground-water inflow

Total (rounded)

Outflow

Price River at station 09314500 (table 7)

San Rafael River at station 09328500

Estimated yield of ungaged areas (table 7)

Discharge by wells, probable maximum (p. 34)

Ground-water outflow, minimum (from below)

Evapotranspiration, gross

Total (rounded)

Ground-water system 2

Navajo Sandstone3

Recharge

From precipitation (p. 30)

From ground-water inflow

Total

Discharge (p. 34)

To San Rafael and Green Rivers

Ground-water outflow

Evapotranspiration

Total

Complete ground-water system

Recharge (p. 30)4

Storage in three major consolidated aquifers (p. 33)

Recoverable fresh to moderately saline water

Long-term average

(acre-ft/yr)

1,150,000

68,857

56,071

none

1,300,000

70,606

61,251

3,000

200

600

1 1,139,000

1,300,000

3,000

none

3,000

2,000

600

400

3,000

10,000

Acre-ft

440,000,000

s 160,000,000

1 Amount calculated by difference between other individual items of inflow and outflow.
2 Incomplete budget because of unknowns.
3 Rounded amount for each item as used or inferred from steady-state digital model for best

fit of potentiometric surface.
4 Assumed to equal long-term discharge.
S Assumes complete drainage of Navajo, Wingate, and Coconino Sandstones.
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Table 7.-Stream gains or losses, in acre-feet, across San Rafael Swell, 1973-79

[See pI. 1 for locations of stations. Abbreviations: ft3 is, cubic feet per second.]

Station Water year

1973 1974 1975 1976 1977 1978 1979 Average

Price River

09314250 106,900 29,900 72,960 30,250 15,740 31,760 87,700 53,601

09314280 21,700 11,830 22,990 14,980 6,010 7,440 21,840 15,256

Subtotal 128,600 41,730 95,950 45,230 21,750 39,200 109,540 68,857

09314500 139,000 39,120 97,550 42,650 22,670 42,950 110,300 70,606

Net gain or (loss) 10,400 (2,610) 1,600 (2,580) 920 3,750 760 1,749

or 2.4 ft3Is

San Rafael River

09328000 109,100 41,740 89,940 32,390 12,160 37,770 69,400 56,071

09328100 32,260 14,430 35,340 70,240

For reach (130) 2,270 (2,430) 840

09328500 138,600 36,910 91,580 24,920 15,170 42,530 79,050 61,251

For reach (7,340) 740 7,190 8,810

Net gain or (loss) 29,500 (4,830) 1,640 (7,470) 3,010 4,760 9,650 5,180

or 7.2 ft3 /s

Total for gaged reaches 6,930

Estimated yield of ungaged area 3,000

Total (rounded) 10,000

or 13.8 ft 3 /s
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Table 8.--Montbly mean discharge at strelllllflov-gaging stations

[ Discharge is in cubic feet per second; from files of U.S. Geological Survey, Salt Lake City. Utah.

Asteri sk ., no value for month because 1 or more days of record is missing.]

Station 0931_250 Price River below Miller Creek, near Wellington

Year October November December January February March April I·lay June July August Septerr.ber

1972 * * * * * * 44.10 43.61 48.53 26.03 33.55 27.57

1973 146.10 38.33 37.68 35.00 43.18 116.19 259.23 676.13 158.33 110.77 94.13 43.00

1974 45.71 30.07 40.03 40.00 40.00 54.39 40.57 62.94 48.43 57.10 17 .10 18.20

1975 63.90 42.83 29.68 32.74 46.07 62.39 101.70 171.48 462.77 90.74 47.61 60.70

1976 36.61 45.77 25.42 32.55 47.90 45.52 47.70 49.68 44.77 40.52 34.74 50.00

1977 28.13 21.00 16.94 10.00 12.89 16.71 11.22 23.97 8.11 81.53 18.47 9.90
1978 15.44 14.76 9.42 8.39 10.00 46.84 157.60 140.23 42.47 43.29 23·79 12.57
1979 23.00 185.23 24.19 19.13 22.79 271.16 300.97 390.55 82.33 46.13 56.55 25.70
1980 22.71 25.47 21.52 26.71 103.34 107.97 369.80 811. 29 595.40 71.77 65.74 215.47
1981 791.57 • * * * * * * * * * *
Averace 68.12 50.43 25.61 25.56 41.08 go.15 148.10 263.32 165.68 63.10 43.52 51.46

station 0931.280 Desert Seep Wash near Wellington

Year October November' December January February March April Hay June July August September

1972 * * * * * 21.38 14.49 11.30 11.03 22.11
1973 47.61 23.77 13.39 7.74 8.05 20.16 27.73 36.10 60.43 40.45 28.00 29.53
1974 27.65 24.87 13.77 8.32 8.00 12.35 16.95 19.19 21.47 21.65 11.82 9.45
1975 36.06 29.03 10.85 6.13 5.71 27.52 16.30 27.26 53.33 67.16 36.42 50.97
1976 45.84 30.87 13.00 10.45 12.11 16.15 26.73 28.61 16.54 12.87 13.82 20.49

1977 18.03 15.47 9.45 2.00 3.71 5.77 4.38 6.82 1. 83 20.98 7.44 2.98
1978 2.76 4.24 3.25 4.14 5.21 22.22 11.08 20.06 24.70 10.62 7.15 7.55
1979 9.20 35.00 7.84 6.85 7,16 169.94 22.30 25.00 23.20 18.29 20.65 13.56
1980 17 .55 19.17 13.03 14.06 61.07 30.48 24.23 103.26 40.07 35.16 26.45 67.77

Average 25.59 22.80 10.57 7.46 14.08 38.07 18.71 32.36 28.45 26.50 18.09 24.93

Station 0931.500 Price River at Woodside

Year October lioverober December January February March April Hay June July August September

1947 67.74 42.57 34.77 18.48 52.07 76.35 79.10 106.06 55.10 35.48 238.29 37.43
1948 51.68 37.33 41.35 28.29 49.59 69.00 74.07 47.87 43.07 42.87 94.95 10.22
1949 31.81 27.20 28.48 28.19 46.75 162.84 225.63 213.13 246.33 211.71 76.58 92.63
1950 95.10 47.97 35.58 28.00 103.39 102.32 222.90 132.13 71.67 164.19 52.23 69.43
1951 48.94 51.30 48.16 33.55 51.96 81.71 51.03 84.16 100.40 70.03 314.45 54.67

1952 go .61 52.43 30.06 31.13 48.10 152.00 645.63 1762.26 888.37 145.35 150.68 89.90
1953 75.61 71.03 59.23 56.00 63.21 85.29 69.80 75.45 85.17 101.03 17 5.68 55.03
1954 87 .39 63.30 36.71 40.65 78.46 76.77 59.93 62.23 52.90 63.97 50.32 ' 199.80
1955 133.55 48.60 24.19 20.00 23.04 173 .74 101.37 53.00 33.90 25.51 78.45 15.85
1956 22.13 28.03 43.97 34.26 38.83 56.84 38.73 39.84 25.57 48.06 22.10 8.33

1957 19.35 18.63 14.00 16.71 41.00 43.61 36.30 197.48 171.77 104.10 477.71 82.60
1958 97 .58 337.00 51.03 50.00 81.93 90.94 356.33 643.16 221.37 70.81 78.77 109.30
1959 46.32 44.30 48.45 40.23 45.39 45.35 29.13 26.42 21.90 9.95 105.63 71.46
1960 33.10 32.83 26.23 26.13 30.00 103.74 37.37 20.42 14.81 4.21 17.56 40.60
1961 190.15 23.80 19.57 10.70 22.57 25.58 14.99 5.26 1.51 8.63 99.64 457.17

1962 18.52 26.23 21.49 15.16 134.61 133.55 473.57 198.10 47.07 162.35 10.81 250.72
1963 95.84 27.97 23.36 13.58 45.68 108.28 25.65 21.61 25.51 24.61 251.20 199.89
1964 22.45 23.17 15.23 11.32 17.97 31.00 54.07 94.16 47.30 31.52 166.84 31.97
1965 18.29 25.90 25.71 39.58 52.57 52.03 162.27 460.87 308.60 271.48 137.03 99.67
1966 80.26 90.77 88.77 54.58 59.32 188.35 168.83 88.19 54.77 61.84 50.55 116.90

1967 38.74 34.33 100.68 24.84 53.36 77 .74 61.03 92.52 425.17 157.77 96.35 107.90
1968 45.35 38.77 46.87 33.00 45.86 71. 84 109.47 298.61 509.53 105.32 295.23 71.20
1969 95.13 59. go 31.61 32.26 36.00 348.77 534.73 682.48 324.23 128.10 213.97 193.57
1970 78.81 63.43 41.65 35.39 65.75 75.65 58.93 78.10 263.60 98.74 100.23 98.67
1971 58.61 66.47 45.68 27.58 55.43 84.42 93.87 127.23 117.03 57.77 84.13 53.50

1972 103.52 80.93 36.68 34.10 36.21 125.16 66.33 64.68 73.73 40.87 46.84 42.63
1973 365.06 67.80 48.55 40.00 50.43 173.87 259.57 735.29 226.37 164.55 93.48 60.37
1974 69·90 54.03 61.74 60.61 60.64 60.74 51.00 74.87 60.83 58.48 18.84 16.23
1975 94.87 68.37 41.61 42.74 58.61 93.39 125.37 174.74 492.40 235.39 77.87 112.50
1976 61.65 89.50 35.42 41.52 63.79 62.55 71.17 70. go 48.43 39.26 35.00 67.47
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Table 8.--Montbly mean discharge at streamflow-gaging stations--Continued

Station 093111500 Price River at Woodside--Continued

Year October November December January February garch April Hay June July August September

1977 39.42 31.70 34.19 20.00 20.00 26.77 16.77 21.60 3.85 120.23 29.60 8.42
1978 31.48 18.66 12.24 13.06 22.14 124.42 172.93 168.84 53.13 48.68 25.82 17 .66
1979 20.29 17 9.47 25.06 22.52 39.93 375.03 367.70 533.58 104.10 52.65 69.13 30.03
1980 34.35 38.83 34.06 44.58 176.59 134.77 383·67 929.74 671. 10 102.90 104.65 450.80
1981 6.00 • • * * * * • • • .. •
Average 72.48 59.19 38.60 31.43 55.05 108.66 155.86 246.62 173.25 90.25 115.90 100.72

Station 09315000 Green River at Green River

Year October November December January February Harch April f:ay June July August September

1895 3250.00 2934.33 2236.77 2168.39 2136.07 3776.45 8276.00 21406.45 14613.33 9434.84 3343.23 1771.33
1896 2023.87 1585.83 1304.52 1331.61 1385.17 2461.61 4843.33 12639.35 26336.67 6720.97 3236.77 3062.00
1897 2109.35 1725.00 1300.00 1000.00 1200.00 2000.00 6434.33 40990.32 24796.67 6126.45 3255.81 3232.00
1898 5261.93 2940.67 1398.39 1000.00 1050.00 2576.13 7699.33 13393.55 17016.67 8030.32 2250.97 1744.67
1899 1504.52 1376.33 1297.42 1597.42 1721.43 2797.42 5618.33 151181.29 32440.00 2097 8.06 8185.16 2857.67

1905 * * * 2988.06 4072.67 12942.26 24293.33 7640.96 2726."17 2506.67
1906 2479.03 2053.33 1318.06 1400.00 1616.43 6106.45 9578.67 24777.42 28500.00 13432.90 6172.90 5079.33
1907 3023.55 3258.00 2429.68 21140.00 3793.93 6755.16 13983.33 24670.96 38836.67 31625.81 11221.94 4821.67
1908 36'{1.29 2564.67 1468.06 1300.00 1533.79 3572.90 6579.67 11641.61 18066.67 10258.06 6813.87 3381.33
1909 3584.52 2159.00 801.45 1978.71 1716.79 8124.19 9292.00 22409.68 46310.00 25229.03 10275.16 9959.67

1910 3932.58 2981 .33 1291.13 1000.00 2500.71 11434.52 12523.33 21232.26 13659.00 3228.06 2158.39 2035.67
1911 3274.52 2273.67 1515.81 2330.97 3441.07 6282.90 5481.00 11729.35 19383.33 8456.45 2925.81 1975.00
1912 3802.58 2244.67 1642.58 1720.97 1798.28 3688.71 6551.33 16086.13 37630.00 16270.97 6864.19 3624.33
1913 3655.48 3505.67 1523.87 2303.23 2228.57 4156.45 12813·33 16498.71 19426.67 14726.45 4330.00 3831.33
1914 3564.52 3253.00 1679.03 1950.00 2640.36 6431.94 12588.67 28522.58 35683.33 13631.61 4617 .10 2624.67

1915 395fl.06 2723.00 1531.29 1500.00 1766.43 3034.52 7439.00 10988.06 15606.67 6159.03 2075.16 3116.33
1916 3937.42 2834.00 1878.71 1715.48 2237.93 9075.48 10524.33 20958.06 22996.67 10341.61 5748.06 2570.6"1
1917 4994.19 2565.00 2054.84 1293.55 2089.29 3350.65 11930.33 26222.58 46303.33 27993.55 6655.48 4010.67
1918 3256.45 3096.33 2723.23 2351.61 2450.00 4081.94 6474.6"1 13772.90 29046.6"1 11480.97 3276.13 2572.00
1919 3684.84 3013.00 2116.13 1420.32 1750.00 4495.81 7974.67 14854.84 9286.33 1754.68 1203.19 17 B'7 .80

1920 1993.87 2101.6"1 1472.90 1748.39 2431.38 3965.16 6533.67 26"123.55 34056.67 10220.00 4533.55 2537.33
1921 2607.10 3313.00 1896.13 1970.97 3042.14 7669.03 "1449.67 25160.32 46653.33 10753.22 5501.61 3434.6"1
1922 2346.13 2463.33 2179.03 1753.71 2474.29 6420.65 6045.6"1 26"170.97 37423.33 8595.16 4071.29 2885.33
1923 2061.61 2587.00 2131.94 2198.06 2118.57 36"12.58 11468.33 25832.26 30850.00 12942.90 5782.58 3302.67
1924 3887 .42 3382.33 2066.45 1444.19 2868.28 3305.81 11311.33 15880.00 12590.00 3627.42 1473.23 1499.33

1925 1706.06 2052.33 1178.84 1451.61 2332.14 44"15.16 7887.00 13688.39 14100.00 9267.7 11 4371.94 4529.00
1926 4846.77 3222.00 2372.58 1897.10 22"14.64 5601.61 10269.00 18235.81 13120.6"1 5"166.45 3228.39 1575.33
1927 1923.87 1728.67 1685.32 1656.13 1996.07 3545.48 6466.33 20748.39 22066.67 12333.23 3754.84 8514.67
1928 4935.48 4320.33 2334.84 2801.94 2724.83 6432.26 6636.67 30561.29 21156.67 7240.32 3692.90 2095.33
1929 3567.10 2849.00 1585.94 200"1.42 1971.43 7 fJ5"1. 74 12236.33 25058.06 28273.33 10400.00 4769.35 6346.00

1930 4156.77 2792 -33 2136.90 1252.90 4163.57 3981.61 10254.67 11827.74 17476.67 5512.90 8228.39 3795.00
1931 3926.13 2481.33 1863.23 1531.94 1943.21 3506.45 4982.67 7782.90 7447.33 1692.65 1488.71 943.20
1932 1484.84 1498.43 86 9.35 1288.39 1588.62 4127.42 8254.67 22529.68 20930.00 10906.13 3863.55 2254.33
1933 1898.39 2275.00 1264.55 1454.84 16"17 .50 3094.52 4504.67 10772.90 23033.33 5426.45 1742.26 1345.00
1934 1231.94 1485.6"1 1392.00 1625.48 2149.29 2155.16 292"1.33 4632 .26 2128.00 645.03 711.81 603·0"1

1935 717 .6 8 934.83 927.68 1112.16 1508.93 1892.90 2891.67 7430.97 21240.00 5393.55 2019.68 1272.60
1936 958.84 1393.33 986 .71 1083.87 1575.86 2288.39 7519.67 21374.19 17664.6"1 6180.65 5160.00 2291.00
1937 1921.61 2194.00 1317.29 1000.00 1700.00 4575.48 7583.00 18813.55 15103.33 8994.811 2593.87 2474.67
1938 1986.77 2089.67 1953.35 1643.23 2253.93 42"17 .42 7862.00 18248.71 22603.33 ?910.32 2820.65 4982.00
1939 3809.35 2875.00 2498.71 2082.58 1863.93 6342.58 "1499.33 111347.42 8804.33 2638.71 1609.35 2119.63

1940 2051.94 1650.00 1442.10 1327.48 1678.97 3231.61 4260.33 11436.13 8271.67 1736.32 804.61 1361 .47
1941 2464.19 1902.67 1556.06 1629.68 2269.64 3513.87 5268.33 19061.61 19263.33 5829.68 4350.32 305"1.00
1942 5169-35 4028.67 2'{36.13 1823.29 2206.43 4298.71 14412.33 15932.26 21353.33 6743.55 2473.23 1524.33
1943 1912.90 2077.33 1894.84 1816.45 2336.07 3834.52 9568.33 12409.35 18050.00 9954.52 4880.00 1951.00
19114 2015.48 2451.67 1823.23 1367.42 1935.52 4104.52 8884 .67 15032.90 23380.00 9617.10 2322.58 1224.33

1945 186"1.10 2001.33 1438.39 1770.32 2302.50 3013.55 4888.67 14783.22 17073 .33 11396.45 5455.16 2734 .33
1946 2620.00 2503.67 1834.84 2000.00 2105.36 3833.23 8876.33 12606.77 12543.00 4288.06 2471.94 1758.67
1947 2420.00 2862.33 2503.87 1487.1 2717.86 6686.77 '{090.00 22767.42 22646.67 10667.10 5941.911 2786.67
1948 2943.23 3006.33 21178.39 2290 .65 2373 .45 5097.42 9374.3] 17250.32 16000.66 4357.74 2230.32 1159.00
1949 1499.68 1'139.67 1577.10 1633.23 1976.79 4495.48 "1963.33 19861.29 25993.33 9629.68 2798.39 1871.6"1

19',0 :Ubl.61 3:'00.6'{ ;'cr{8.61 :'290 .]2 2637.1 11 5'{ 911. 611 10419.00 16690.6'; 26330.00 11940.65 399'{ :(II 2503.00
1 ~Jl.) 1 ; ll~ C);) .. ;!(l ;''( 'j;' .00 Zr{<J.3~1 1842.90 3010.36 3326.4') 62117.00 143 115.81 22000.00 10200.32 6158.39 298(, .00
1 ~l·,? 311:'1. ;'<) ?'11.)Jl.6'( ?l JW.6 t ) :'187.10 211110.00 2601.;>0 lb',97.00 '1l1096 :17 30396.6"1 8365.16 51?JI.'J? ;0<)') .67
1 (Yl) ~ '0 el () . 1 -~ ;'U,)9·1' <'0%.11'0 2;'71 .r,1 ;)0 JI2.1 11 3~j;~~) .Jl H 1712.33 '13 81 .94 19610.00 6120.:;2 311111 .61 1467 .r,,{
1'1'.,11 1110l./J :'1 of, .67 17 II;' .''/) r{IIII.');' 21186 :{9 ?7 51 .r>1 4537.00 10402.58 6316.33 5623.22 19~6 . 13 ;)25:~ . ~-n
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Table 8.--Montbly mean discharge at streaaflow-gaging stations--Continued

Station 09315000 Green River at Green River--Continued

Year October November De cem ber January February I-larch April ~~ay June July Aup,u,;t September

195" 2253. ff7 2015.00 1295. 118 1296.45 1555.71 3861.94 5226.33 110;'0.32 11000.00 3620.00 2616. 115 11!r{ .87
19')6 1255.48 11149.73 2064.84 2513.87 17 35.66 5110.00 7731.33 16180.65 20290.00 4776.77 ;>750.)2 1217 .00
1957 1243.48 1666.00 1291.61 1354.19 1801. 43 3846.13 4ff78.00 148112.90 31436.67 18927.42 6282.90 3390.67
1958 3006.13 3834.00 2421.61 2076.45 3306.43 4004.84 7263.00 21318.39 19726.33 3643.23 17 91 .94 1609.33
1959 1481.29 1713.67 1857.74 1579.03 2043.57 2379.03 3678.33 7812.26 12817 .33 5627.42 2919.68 1742.67

1960 2898.06 2552.00 1728.39 1546.77 1768.62 5209.68 8968.33 8961.93 11469.67 2768.39 1121.23 986.93
1961 1564. fr7 1767.67 1306.77 1291.94 1692.86 2220.65 3097.67 5554.84 9110.33 1815.39 1292.90 2946.33
1962 3809.35 2700.33 2043.55 1861.29 7258.21 6520.97 18366.67 21948.39 18053.33 9725.48 2871.29 1647.00
1963 2044.52 1586.67 1178.26 1157.65 2151.43 1617 .42 2590.67 6485.16 5205.00 824.77 1170.29 1594.03
1964 772.06 1242.50 1369.74 1767.42 1976.55 20fr7 .10 3191.33 10306.45 12181.33 5590.00 3194.84 2345.00

1965 3184.84 3364.67 4340.00 4883.22 5452.14 5877 .74 8707.33 13314.52 20286.67 6ff7 9.03 3710.65 3172.67
1966 4108.06 4023.33 4033.87 2948.71 2983.57 6397 .74 6550.33 9197.42 5467.67 2380.97 2382.26 2645.00
1967 3077 .10 2672.33 2378.39 3190.32 3042.86 4159.35 4375.67 8194.52 19060.00 8254.52 4020.32 3882.00
1968 4061.94 4087.00 3730.00 4045.16 3406.55 3927.42 4618.00 11523.23 20966.67 6922.26 5618.06 4043.33
1969 3750.00 3715.00 3396.45 4589.03 5632.50 5763.55 11048.33 17812.90 11497.00 5812.26 4396.13 4133.33

1970 4151.61 3972.00 4404.52 3106.13 3155.00 3148.39 4176.33 14093.87 17123.33 6835.16 3447.74 3014.33
1971 2836.45 2675.00 2354.19 2511.61 2968.93 3279.68 8052.66 11617.74 17 820 .00 6456.13 3203.55 3521.00
1972 3432.90 4412.67 4343.55 4425.81 5264.48 5245.81 5439.33 10332.90 14010.33 4008.71 3277.42 2076.00
1973 4919.35 5721.67 4508.06 4296 .77 477 8.57 5562.26 5092.33 18990.00 17970.00 8469.03 4932.58 3908.00
1974 3755.16 4291.67 3880.97 3756.77 2706.43 4880.97 5991.33 19174.19 14992.00 4370.00 3128.71 2909.00
1975 3720.00 3916.00 3330.97 4231.29 4653.93 4056.13 3768.00 10605.8 21056.66 14613.55 5173.22 2872.00

1976 2608.71 3438.00 4748.06 4205.81 4331.38 4774.19 5205.33 12443.55 11051.00 4574.84 3356.45 3109.67
1977 3485.48 3684.33 3671.29 3849.68 3592.14 4665.48 4474.33 5650.32 4409.67 297 8. 06 2759.68 2358.33
1978 1898.06 1951.67 1924.84 2049.35 2246.79 4035.16 6287.33 11157.42 18053.33 7855.16 2815.48 2332.00
1979 2289.68 3089.00 2881.61 2970.97 3003.57 5619.68 8700.67 15448.06 15826.67 6554.52 3474.84 2519.00

1980 2453.23 3035.67 2713.23 3356.13 5300.69 4358.06 5884.67 16919.35 17 005.00 5070.32 2319.35 3074.67
1981 2947.83 * * * * * * * • * * •
Average

2860.05 2660.51 2111.82 2089.39 2581 .23 4433.30 7489.74 16324.31 20045.74 8365.87 3792.34 2781.95

Station 09328000 San Rafael River near Castle Dale

Year Octo ber November December January February Harch April May June July August September

1948 26.71 58.73 58.77 45.00 98.14 88.10 59.93 320.74 222.27 29.19 16.52 5.50
1949 19.26 30.80 30.71 27.74 37.93 119.97 180.93 499.77 748.63 143.10 71.39 22.60
1950 37.00 49.53 35.42 34.84 fr7 .50 68.84 51.43 170.45 179.37 88.97 19.61 23.63
1951 22.19 37.77 48.19 35.00 36.79 31.26 23.63 252.19 386.80 55.06 143.16 31.17
1952 61.39 50.67 41.29 40.45 79.83 167.97 352.53 1600.32 2116.03 303.45 100.81 70.57

1953 57.52 61.07 62·39 84 .19 94.89 83.42 48.73 51.16 538.03 89.26 111.03 30.83
1954 53.03 60.77 44.06 49.68 84.89 52.32 52.70 139.71 31.30 14.38 8.79 29.95
1955 21.42 29.07 34.55 29.97 31.36 107.74 39.70 68.06 95.53 12.79 54.84 5.61
1956 11.57 17 .30 32.61 44.42 43.69 39.26 22.13 225.06 126.40 18.72 7.12 2.87
1957 9·67 15.97 15.03 22.10 58.79 29.97 24.53 137.55 1450.07 315.87 147.65 58.13

1958 119.58 189.33 63. fr7 61.94 127.40 96.10 243.43 1126.74 929.17 38.16 28.29 41.50
1959 24.97 40.13 55.10 41.43 65.36 41.42 28.10 24.61 45.57 6.08 8.23 10.82
1960 12.23 23.00 22.00 21. '!l 28.62 103.61 53.13 146.77 164.70 7.56 1.94 10.34
1961 71.17 31.93 22.68 22.58 26.50 31.90 30.20 57.36 35.38 5.76 50.46 167.56
1962 43.00 56.37 40.55 39.64 101.25 81.48 211.97 447.00 635.17 115.06 26. 06 25.37

1963 48.48 39.67 31.77 30.16 63.89 26.55 14.67 127.9 166.87 13.10 68.06 72.37
1964 22.10 25.93 23.87 20.23 36.55 44.74 20.47 252.65 312.80 48.39 43.61 7.37
1972 * * * * * * * * * • 33.90 33.40
1973 62.45 53.17 37.32 26.00 26.00 120.65 82 .77 474.45 644.60 134.77 79.65 61.60
1974 73.48 47.63 38.94 32.65 33.61 52.42 35.03 77 .23 98.43 95 ·32 55.77 49.07

1975 71.00 65.80 27.26 23.23 39.86 45.23 32.37 48.55 517 .50 422.42 94.58 101.87
1976 85.55 53.10 36.32 26.00 56.83 33.13 26.90 56.71 53.80 45.61 26.97 34.90
1977 35.52 28.23 23.45 20.00 22.57 25.29 9.92 10.18 4.64 15.32 3.70 2.59
1978 7.85 9.69 13.26 17 .06 23.43 44.48 20.93 21.52 328.83 86.81 28.97 26.17
1979 32.32 53.53 30.00 28.94 23.82 161.10 55.20 146.52 425.30 85.84 64.84 42.13

1980 55.64 47.40 83.29 121.64 13 9.96 69.13 59.10 220.10 1178.67 258.25 54.79 118.97
1981 72.29 • * * • * * * * * * *
Average 43.66 47.06 38.11 35.66 58.19 70.64 71.23 268.26 457.43 96.63 51.91 41.80
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Table 8.--Montbly Dlean discharge at streaJlflow-gaging station&--Continued

Station 09328100 San Rat"ael River at San Rat"ael Bridge Campground, near Castle Dale

Year October November December January February Barch April May June July August September

1975 * * * * * * * * * 61.75 64.50

1976 82.23 55.77 34.03 25.00 53.83 25.71 20.44 79.00 49.53 43.39 26.86 37.63

1977 34.19 28.43 20.87 19.00 20.11 26.94 11.31 8.63 2.04 26.97 22.73 17.28

1978 11.85 9.28 13 .15 18.26 25.39 58.87 24.03 20.94 284.87 60.97 30.97 29.93
1979 35.16 105.50 31.00 27.29 27.00 147.77 64.77 127.16 400.13 93.87 68.29 36.50

1980 46.97 37.63 58.71 72.61 152.22 94.06 56.86 218.69 1231.00 246.55 66.23 96.88

1981 73.86 * • * * * * * * * * •
Average 42.59 47.32 31.55 32.43 52.15 68.16 35.19 89.21 286 .47 94.35 44.77 41 .90

Station 09328500 San Rafael River near Green River

Year Octe ber November December January February March April May June July AUf,u:;t SeptemlJ(~r

1910 127.58 162.00 125.00 150.00 200.00 728.74 748.07 1196.13 306.93 110.16 44.2(, 2]/1."(7

1911 222.16 98.83 100.90 224.42 196.25 164.16 163.43 491.52 607.63 98.81 B8.03 152.43

1912 355.77 64.17 60.00 50.00 70.00 100.00 95.73 405.97 1570.43 222.65 74.74 59.73
1913 384.39 199.17 46.65 40.00 50.00 136 .06 338.37 1075.00 464.00 136 .26 45.61 236.93
1914 72.55 124.57 65.13 55.00 65.00 90.00 251.27 1625.58 1650 .33 293.55 45.10 25.17

1915 158.71 41.20 60.90 48.00 47.00 207.94 196.83 379.58 448.77 38.03 1.20 34.11

1916 7.52 119.97 68.61 58.00 80.93 379.48 207.20 541.52 931.70 196.48 343.77 71.33
1917 84 8 .26 81.10 87.19 20.00 99.96 130.61 194 .23 854.74 2245.07 369.68 109.16 219.13
1918 64.77 78.97 63.87 55.97 73 .68 109.16 107.27 140.90 588.03 552.48 125.42 129.33
1946 48.71 48.10 33.35 29.26 70.54 97.03 182.73 321.39 133.47 17.45 112.92 6.36

1947 41.83 78.33 57.87 37.55 96 .11 66.55 55.57 536.39 435.27 76.06 317.32 48.90
1948 32.19 58.63 64.68 50.00 110.52 115.94 64.27 269.16 222.90 29.86 88.89 0.13
1949 13.96 28.90 34.45 31.26 43.57 144.45 166.87 492. 00 871.00 219.81 78.35 42.72
1950 47.03 53.40 40 .39 39.19 111.75 86 .65 55.87 141.10 176.27 138.58 9.85 17.27
1951 17 .16 36.67 45.48 40.00 51.32 36.65 20.33 237.43 387.93 44.19 193.35 19.77

1952 91.81 62.43 47.42 46.00 88.34 221.29 405.00 1505.84 2150.33 317.42 192.00 81.67
1953 56.23 59.20 66.77 92.45 119.14 92.85 56.97 36.03 521.77 82.13 139.68 25.73
1954 58.19 69.03 49.81 58.65 96 .39 57.84 49.00 125.39 22.05 19.24 10.70 63.53
1955 36.94 28.63 37.81 33.97 36.32 104.77 42.47 57.39 93.07 4.96 48.38 0.74
1956 2.55 17.07 36.39 48.71 48.76 44.03 21.77 187 .88 131.93 14.66 11.40 0.11

1957 0.85 12.68 16.16 26.45 65.68 41.06 23.30 141.58 1588.07 387.84 208.48 70.10
1958 162.97 357.83 79.68 72.9 135.5 94 .97 222.50 1067.65 959.17 34.23 71.67 70.68
1959 22.29 41.30 60.48 42.71 69.79 47.68 27.43 16.65 36.54 1. 84 10.46 18.82
1960 11.18 29.57 23.94 22.9 33.48 123.97 51.67 123.45 187 .90 2.35 0.38 20.00
1961 123.88 34.80 29.71 31.71 46.11 40.19 32.00 48.61 32.17 0.31 116.69 308.73

1962 50.06 61.47 33.71 39.42 138.61 90.00 192.43 464.74 619.87 119.74 13.13 57.~li

1963 67.32 38.60 35.97 33.23 71.93 35.13 15.54 96.13 170 .77 8.80 150.68 108.50
1964 19.16 26.80 27.97 23.19 39.93 49.97 23.17 246.54 334.57 62.88 100.93 23.95
1965 2.28 20.33 50.48 57.81 55.93 52.35 92.77 291.29 1296.90 620.84 256.74 85.47
1966 65.10 77.93 83.42 48.35 62.86 136.52 74.97 70.10 28.09 2B.05 8.99 29.06

1967 23.87 22.10 39.16 18.94 35.57 34.55 11.90 86 .21 373.47 108.77 48.25 84.87
1968 34.94 36.57 29.94 26.61 42.55 42.13 40 .17 98.71 426.17 97.58 179.48 65.13
1969 87 .71 45.43 38.26 52.26 52.43 140.13 211. 23 612.81 541.53 125.26 146.16 107.90
1970 68.48 61.23 59.61 32.26 68.21 39.42 32.20 220.13 805.50 143.35 60.68 63.53
1971 53.90 51.00 46.39 25.81 36.54 53.03 46.20 66.90 87.10 88.68 68.03 39.97

1972 87.00 68.37 30.65 33.00 52.69 51.26 26.60 34.68 53.10 23.03 16.26 13.13
1973 143.71 62.23 30.81 25.97 45.00 287.19 75.50 464.26 861. 93 159.55 70.00 67.10
1974 '16.81 55.33 40.55 32.68 33.61 49.81 34.20 56.29 73.27 78.06 41.61 37.80
1'f15 74.00 72.63 29.29 25.16 42.57 49.58 28.67 46.81 525.33 451.35 80.97 90 .33
1976 64.;'3 55.27 29.90 23.00 47.72 23.29 15.20 37.35 37.40 29.94 22.10 27 .36

Igf7 31.26 28.57 22.58 19.00 20.89 24.52 6.84 3.72 1.09 41.63 35.31 15.04
1978 4.95 5.68 11.83 14.65 22.18 79.32 16.77 23.26 369.17 137.68 13.96 7.24
1979 79.65 200.37 24.23 18.90 35.93 232.16 90.83 85.68 411.33 65·32 45.39 22.67
1980 41.33 41.57 76.23 95.77 148.90 107.45 55.70 209.35 1516.80 850.35 111.37 99.70
1981 40 .75 • • • • • * * • • • •
Average 92.80 68.59 48.72 46.62 71.80 114.54 110 .70 346.27 574.91 151.13 89.95 68.28

---- - --------- --"---_.- .._--------- -------------------- ---~---_._------_.._----_.__ ._-- - --_._------ _._-- -----_ .. -- ---- -- - -- ----
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Table 9.--Rccords of selected
l See tHble 11 for water data from

[Abbreviations: ft, feet; in., inches; gal/min, gallons per minute; DC, degrees Celsius, pmhos, micromhos per centi­
meter at 25°C]

LocHtion: See text for description of well- and spring-numbering system. S, well plugged back in year shown as year
constructed.

Owner: Owner at time well was visited by U.S. Geological Surveyor listed by driller in State Well Oriller's Heport or
given in other State or Federal records.

Depth: All depths reported, except for test holes drilled or logged by U.S. Geological Survey.
finish: P, pipe perforated; X, open hole below unperforated pipe.
Principal aquifer: See table 1 for explanation of code; see table 2 for description of lithology.
Altitude: Altitude of land surface at well, in feet above National Geodetic Vertical Datum of 1929. Most altitudes are

interpolated from topographic maps.
Water level: In feet below or above (+) land surface at well. Accuracy--G, measured with pressure gage; L, estimated

from geophysical logs or measured with such logging device; R, reported; S, measured with steel tape; T, measured with
electric tape. Site status (second column)--D, dry; F, flowing, but head not measured; R, pumped or flowed recently.

Type of lift: A, air; P, piston, generally pump jack and cylinder pump; N, none; 5, submersible pump (electric); T,
turbine. Flowing wells are not equipped.

Discharge: B, bailer measurement by driller; E, estimated; F, discharge is by natural flow; R, reported; V, volumetric,
generally with bucket and stopwatch.

Use of water: H, domestic; N, industrial; S, stock; U, unused; Z, not used because well plu~ged or destroyed.
Remarks: Data available--A, aquifer test; C, chemical analysis in table 14; 0, driller's log (see table 12 for selected

logs); G, geologist's log of drill cuttings in table 12; J, geophysical lo~s in files of U.S. Geological Survey; W, water­
level observations (see fig. 14 for selected hydrographs).

Year Depth Casing Depth to Depth
con- of diam- Depth first to Water

struct- well eter cased open- Finish Principal aqui- Altitude level
ed (ft) (in) (ft) ing aqUifer fer (ft) (ft)

(ft) (ft)
--~--_.._--------

Location

(D-16-13)8ddc-1S

Owner

u.s. Bureau of
Land Management

1974 700 10.75 128 128 x 21 DlJKOT 550 5,328 109.lJ S

(D-17-11 )27ccd-1 M. D. Mills 1961 72 4 72 221SLWS 46 5,758 20 R

R,D

(D-17-13)3Dddd-1S U.S. Bureau of
Land Mana~ement

1974 560 10.75 104 104 x 220NVJO 353 5,147 141.2 S

(D-18-14)9dca-1 R. W. Cook 1910 3,180 14 220NVJO 4,630 F

(D-19-10)15bac-1 U.s. Bureau of 1946 476 7.88 37 37 X 221CRML 310 5,615 157 R
Land ManaJZ,ement

(D-19-12)14bbb-1 State of Utah 1946 57 8 221CRt1L 0 5,740 S,D

(D-19-13)12ddd-1 U.S. Bureau of 1969 3,269 10.75 3,268 1 ,274 P 220NVJO 1,052 5,489 572.0 T
Land Mana~ement

(D-19-13)21cbd-1

(D-20-10)6bdd-1

do.

Utah Power &
Light Co.

1980

1980

310

475

x

X

220NVJO

220NVJO

120

152

5,190

5,260

96.9 T

+16.0 G

(D-2lJ-14)11cba-1 U.S. Bureau of
Land Management

19031,335 10 1 ,335 1,145 P? 22DNVJO 1,055 4,498 +74 R

31cbd-l L. G. Smith 1958 150 4

72

221CRML o 4,56lJ -,F



water wells and test holes
petroleum-test and other test holes]

Date
measurecl

5-05-77

Type
of

lift

N

Date
discharge

measured

Discharge
(gal/min)

Draw­
down
(ft)

Use
of

water

U

Tern
pera­
ture
('C)

Remarks

Petroleum-test well plugged back and left for use as
water well.

10 E,F
2.8 F,V

4- -61

9-09-69

10-06-80

10-21-46

1-25-46

4-26-78

11-10-80

7-31-80

7-14-80

190J

T

N

N

N

P

N

N

N

N

N

N

4- -61

6-28-79

10-21-46

1-25-46

6-27-80

7-14-80

8- -OJ
5- -55

4-26-78
6-08-79

22

12

200

20

30

11
2

20
50

v

v

E,F

R

E

F,R
F,R

E,F
r;, F

20

39

4

16

S

U

N

z

S

U

U

U

z

S

u

16.0

27.5

14.0

15.5

13.0

19.0

15.0
15.0
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State inspector found well unused. Slightly alkaline
water at 14 ft.
Data: D

Petroleum-test well plugged back and left for use as
water well. Perched (?) water in Carmel Formation.
Data: A, C, J, W.

Kno\oln as the "Roadside Geyser," at Woodside. Would
erupt about every 30 minutes, by carbon-dioKide drive.
Aquifer estimated from reported depth of hole. See
Intermountain Assoc. Petroleum Geologists, 1956, p. 207.
Well plugged because of saline water. Data: C.

Known as Buckhorn Well. Data: C, D.

Driller reported drilling fluid lost through fissure in
limestone.

Petroleum-test well plugged back and left, unperforated,
for use as water well. Opened by U.S. Geological Sur­
vey. Fluid in hole very saline; measurements showed
that plug did not leak. Jet-perforated by Welex Co.
with one shot per foot from 1,274 to 1,294 ft. Water
level rose to that shown and stabilized. Attempt to
pump well abandoned after repetitive pump failure.
During last pumping period, fluid specific conductance
decreased from 11,300 to 9,400 "mhos showing that
sandstone was yieldin~ fresher water to well.
Data: J, W.

U.S. Geological Survey test hole NSR T-J. Water perched
in Carmel Formation at 59 ft; heard dripl)irl~. Yield
estimated while cleaning out hole with air.
Data: C, G, J.

U.S. Geological Survey test hole NSR T-l. Drilled with
air, then mUd, and finally river water. Head increased
as hole deepened; began flowing estimated 10 gal/min
when completed. Set packer 141-146 ft. Second
(smaller) discharge measured through 0.75-io. faucet.
Data: A, C, G, J.

Known a.s Rio Grande well. Location originally roporLed
as in section 15 (unsurveyed). r'ound caved, bllt stitl
scering in May 1977. Data: D.

Uncontrolled flow to nearby dry wash. Has flowed long
enough to establish water cress (N~qturliIJm

Officinal£:» and other vegetation and look:; likl.~ it

natural spring. Casing hf!low slJrface of Sinal.] pOJlll.

Local rancher reported that a sprinp, in Nfivajo Sandstone
in adjacent callyon ceased flowing when this well WilS

drilled. Data: C.



Record of selected water wells

Year Depth Casing Depth to Depth
con- of diam- Depth first to Wate!"

toea t ion Owner struct- well eter cased open- Finish Principal aqui- Altitude level
ed (ft) (In.) (ft) ing aquifer fer (ft) (ft)

(ft) (ft)

(D-20-16)17hab-1 Howard Hastings 30 112ALVM 0 4,110

(D-21-14)4chd-l U.5. Bureau of 221 CRML 0 4,500
Land Manap,ement

IlJ-21-16) 9aac-l E. C. Gerh;lrt 1%0 16 16 12 p lJ !I\!,VM 4,070 R

(D-22-8)11ccb-1S U.S. Bureau of 1961 1 ,937 2.38 1,937 1,416 231KYNT 1,300 5,940 285 R
Land Management

(D-22-10)23chc-1 Utah Department 1971 84 7.88 231WNGT 0 7,035 33,1 5
of Transportation

33abc- do. 1963 475 7,120 R,D

(D-22-11)23bdc-1 do. 1963 290 2375NBD 56 6,520

(D-22-13)35bcd-2 U,5, Bureau of 1980 310 X 220NVJO 0 4,510 137.5 5
Land Management

Energy Fuels Inc, 1979(D-22-14)15acc-1

(D-22-14) 28dba-1 Hatt Ranch 1979

180

515 4

120 120 P

P?

221MR5N

22H:NRD

o

250

4,275

4,235 16.7 S

28ddd-1 do, 1952 265 8 70 70 X 221CRTS 100 4,200 6 S

31ddb-l IJ ,S. 'Bureau of 1935 350 6.25 320 70 P 221CRML 130 4,290 40 I{

Land Management

(D-23-8) 3bab-1 Utah Department 1963 300 221CRML 0 5,800
of Transportation

7dhd-1 do. 1963 40 5,515 R,D

(D-23-9)2ccb-1 W. R. Snow 1966 690 690 310CCNN 560 7,030 576 L

(D-23-10)12DDD-1 U.S. Bureau of 1936 196 6.62 217 193 P 230MNKP 40 6,850 160 R
Land Management 25.6 S

(D-23-11)22ccc-15 do. 1936 2,270 8.62 X 330MS55P 1,270 6,710 1,730 T

(D-23-14)25bca-l Utah Power &
Light Co.

1980 700 220NVJO 460 4,160 +105 G,R

25bcd-l

36bba-l

do.

do. 57 3.25

74

221 ERND

4,150

4,150

9.7 5

17.1 S



anc! test holcs--ContinIJed

Oate
measured

9- -60

6- -61

10-21-77

Type
of

li ft

5

N

N

N

Date
d ischaq~e

measured

Discharp~e

(gal/min)
Draw­
down
(ft)

Use
of

water

u

z

Tem
pera­
ture
(·C)

Remarks

Alluvium from Green River overlies Mancos Shale.
Data: C.

Mine shaft; uranium test by B. ,J. Allers. Data: C.

Formerly used for lawn irrigation; abandoned after
filled with sand; alluvium overlies tlancos Shale.
Data: C.

Core hole plugged back; casing perforated 1,416-1,418,
1 ,420-1 ,442, and 1,459-1,467 ft. Found unused and
casing filled in 1978.

Test: hole for construction water for Interstate High­
way 70. Found filled with rocks in 1978. Data: C.

Test hole for construction water for Interstate High­
way 70. Data: D.

1.5 R

7-17-80

8-24-79

10-28-58

1-07-36

N

5

N

N

N

10-29-63

7-17-80

10-30-79

5-21-80

1-07-36

20

10

E

R

V

8

160

180

160

H

U

U

17.5

17.0

16.0

Do.

U.5. Geological Survey test hole NSR T-5. Drilled with
air. Discharge estimated while cleaning hole with air.
Drilled into sandstone outcrop where dip is about 60·.
Samples from about 100 to 170 ft appeared damp. At 170
ft, after connecting drill stem, drilled about 0.2 ft
and hole started producing water; may have been result
of an open fracture. Data: C, G, J.

At mine on State Highway 24.

Well drilled by mineral exploration company and left for
water well. Gas can he heard bubbling and an unpleasant
odor comes from between surface pipe and casing. When
test pumped, water was heavily charged with carbon
dioxide which, after water level was pumped down and
pump stopped, caused well to continue to flow by gas
lift. Data: C, J, W.

Never used because of poor water quality. Produced non­
flammable gas from 125-225 ft that caused well to flow
"like a geyser" only when well was bailed. Data: C, D.

Known as San Rafael Well. Abandoned before 1952. Old
report notes the well produced brackish water ample for
sheep. Data: C, D.

9-13-63

1-5-66

12-18-39
7-15-61

N

N

p

9-15-63

7-28-36
12-18-39
10-31-58

7-19-80

0.5 R

17 R
12 R

4 E
7.2 V

37
11.0
12.5

Test hole for construction water for Interstate High­
way 70. Data: D.

Do.

Found abandoned in 1979. Data: C, J.

Known both as Sinbad Well and Georges Draw Well. One of
eight wells reportedly drilled by Standard Oil Co. of
California for supply of drilling and domestic water.
Drilled to 217 ft. Depth and water level measured in
1961 by R. F. Hadley, U.S. Geological Survey. When sam­
pled in 1979, water pumped was milky blue in color, and
had strong odor of hydrogen sulfide.

7-30-79

7-23-80

3-20-80

3-20-80

N

N

N

N

11-20-36

7-22-80
7-23-80

53

20
14

R

E
F,V

U 17 .2

17.5
16.5

75

Petroleum-test well converted to drilling water-supply
well and left for use as stock-supply well. Never used.
Found open to depth shown on date of water-level
measurement. Water level measured with geophysical log­
ging equipment. Specific conductance of water in hole
at 1.750 ft was 1,150 JJmhos, measured with logging
equipment.

U.S. Geological Survey test hole NSR T-6A. Drilled with
air to 20 ft where hole produced a little water.
Drilled hole with mud which was thinned when Navajo
Sandstone was entered. Head increased with depth, and
well was flowing at 550 ft. Set packer for testing at
445-450 ft. Measured discharge through 0.75-in. faucet.
Pressure required use of commercial well-cementing
company to plug hole. Data: A, C, G, J.

Near north side of old ranch house. Depth more than )0
ft. Well full of black muck, with odor of hydrogen
sulfide. Mineral residue on old casing head indicates
probable saline water quality.

Old test hole (?) on west side of county road. Aquifer
designation based on field observations.



!{ceord of selected water wl.'lls

~.__.__._---._------_._------
Year Depth Casing Depth to Depth
con- al' ~liam- Depth first to Wa t ~~ r

Loci-it ion Owner struct- well eter cased open- Finish Principal aqui- Altitude level
ed (Et) (in. ) (ft) ing Aquifer rer (fL) (Et)

(Et) (ft)

(D-2j-14)'J6bdd-1 Utah Power & 1980 215 221CRML 40 1,,120 9. J S
Lip,ht Co.

(D-24-9)5bch-1 Lucky Strike t-1ine 6 2'J 1CHNL 0 5,900 19.8 S,K

(D-24-1 'J)11adh-1S U.S. Bureau of 1974 1,508 8.62 169 169 X 220NVJO 486 4,740 j24.8 S
Land Management

32hhd-15 State of Utah 1967 1,263 1 ,263 220NVJO 71, 4,844 20.4 5

J6dba-1 do. 1979 1,184 X 220NVJO 155 4,660 151 .7 5

(0-24-14)21adh-1 U.5. Bureau of 6 220NVJO 4,310 -,F
Land Manag,ement

(0-24-15)6caa-15 Utah Power & 1954 220NVJO 230 4,110 -,F
Li~ht Co.

7aca-1

(0-24-16)10dda-l

22cbd-1

U.S. Bureau of
Land Manap.,ement

do.

do.

1976? 1,245

1976? 1,083

6.63 X

X

220NVJO

220NVJO

B

16

4,122

4,235

4,450

-,F

170.0 S

297.5 S

(0-25-14)26dha-1 do. 1,293 6 X 220NVJO 190 4,910 336 L

(D-25-15)23bdh-1 do. 1935 350 8.25 330 330 X 220NVJO 193 4,795 290 K

32cac-l State of Utah 1956 720 10 720 680 P 220NVJO 255 5,080 650 R

(0-26-7)17bca-15 U.5. Bureau of 1947 1,134 13.38 1,134 220NVJO 204 6,125
Land Manap'ement

(D-26-8)6aah-1 do. 1969 767 6.63 767 715 P 220NVJO 220 5,9bD b86 R

(0-26-11)9bbb-1 State of Utah 1980 844 802 802 X 220NVJO 818 5,070 454.5 'l'
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and test holes--Continued

Date
measured

Type
of

lift

Date
discharge

measured

Dischar!le
(!lal/min)

Draw­
down
(ft)

Use
of

water

Tern
pera­
ture
('C)

Remarks

7-20-80 N 7-19-80 30 E,F 15.0 U.S. Geolo!lical Survey test hole NSR T-6. Drilled at
first with air; changed to mud. First water noted at
35-40 ft. Lost circulation at 205 ft and drilled with­
out cutting returns to 215 ft. Lost circulation of
drillin!l fluid at 50 ft in second hole at site. Data: C.

7-19-79 S 7-19-79 10 E N,H 14.5 On north side of canyon above mine huildillgs.
superintendent reports that water is used for
poses but drinkin!l, and that well has a lar~e

Data: C.

Mine
all pur­
drawdown.

8.0 F, V

6-lU-79

4-15-80

6-27-79

6-6-79

7-17-79

9-3-35

6-29-56

6-25-69

4-15-80

N

N

N

N

N

N

N

N

N

P

P

P

N

5-14-80

5-13-80

6-7-79

6-7-79

10-1-35

6-29-56

6-25-69

3-8-80

10

13

10

8

30

11

30

V

V

E,F

R

R

R

B

R

26

50

40

u

u

U

S

S

U

U

U

U

S

U

u

S

U

17.0

15.0

15.0

15.5

18.1

77

Petroleum-test well plugged hack and left E(Jr use as
water well, but never used. Data: A, C, J, W.

Petroleum-test well plugged back and leEt, unperforated,
for use as water well. Openc() by U.S. Geological Survey
for perforating and testing. Preliminary tests showed
that plu~ leaks and that water level represents that in
formations below the Win~ate Sandstone. This condition
seemed to be confirmed by fresh blobs of oil appearin~

on the water surface in the well after preliminary
testin!l' Well was resealed without further work.

Data: A, C, J.

Flows uncontrolled into stock pond rimmed by salt cedars
(Tamarix gallica) on west side of Cottonwood Creek.
Reportedly drilled by exploration company. Aquifer
identification based on water quality. Data: C.

Petroleum-test well left for use as water wellj on north
bank of San Rafael River in grove of cottonwood trees
(Populus fremonti) and salt cedar. Control valves,
in 4 x 4 ft pit have rusted away; well flows uncontrol­
led to small stock pond. Water has odor of hydrogen
sulfide. Data: C.

In relatively inaccessible area on south bank of San
Rafael River. Local ranchers report well has flowed for
many years and that water is potable.

Mineral (1) core hole between county road and small dry
wash. Geophysical logging shows that water in hole is
saline and of nearly uniform specific conductance, indi­
cating that water probably is moving up the hole and out
into the Navajo Sandstone. Data: J, W.

Mineral (?) core hole at east edge of county road.
Remarks same as for preceding site.

Milleral (?) core hole on south side of county road.
Geophysical loggin!l shows that water in the hole is
sli~htly saline and of nearly uniform specific conduct­
ance, indicating that water probahly is movin~ out of
the Navajo Sandstone, down the hole, and out into the
Wingate Sandstone. Data: J, W.

Known as SaucerBasin Well. Water quality reported to be
)\ood. Data: D.

Known as Moonshine Well. Inspection in 1979 showed well
had not been used for lon)\ period. Data: C.

Petroleum-test well plug)\ed back and left for use as
water well. Not known to have been used.

Known as Last Chance Well. Drilled in midst of swarm of
igneous dikes and near fault. Casing perforated with
machine-cut slots, ] x 3/B in., from 715 to 767 ft.
Data: C, D.

Water-supply test well at Goblin Valley State Reserve.
On top of bluff overlooking reserve and next to water
tank that stores water hauled from town of Green River.
Dat.a: C, 0, J.



Table l(I.--Recorcls of sel{!cted springs

lAbhrevialiotls: ft, feet; gal/min, gallons per minute; ae, degrees Celsius; pmhos, micromhos per centimetet- at 25°C;
mi, mi Ie. I

LOC~ltioll: Sec text for description of well- an,! spring-numbering system.
Naille or owner: Name l:!,iven on maps of U.S. Geological Surveyor U.S. Bureau of Land Management, or name used by local

residents; otherwise, landowner is given. Alternative name, if any, is given in remarks.
Altitude: Altitude of land surface at spring orifice(s) in reet above National Geodetic Vertical Datum of 1929,

interpolated from topographic maps.
Aquifer code: See tahle 1 for explanation of code and tahle 2 for description of lithology of geologic unit.
Discharge: Method of measurement--C, current meter; E, estimated; V, volumetric (mf~thod unspecified, hut generally with

bucket and stopwatch).
Remarks: C, chemical-quality data in tahle 14. Citations are from Baker (1946, p. 12-14).

Water qualit:r
Speci ic

Aquifer D<-lte Dis- Temper- conduct-
Location Name or owner Altitude code measured charge ature ance Remarks

( ft) (gal/min) (OC) (Ilmhos)

(0-15-13)18caa-Sl Big S pri ng 5,700 l11ALVM 9-17-75 168C 13.0 1,500 Discharges from a lluvilllTl
that overLies the t1ancos
Shale. C.

(0-16-12)16cbd-Sl U.S. Bureau of 5,600 217CORM 7-18-79 4E 15.0 1,700 C.
Land Management

(0-16-13)20dab-Sl do. 5,150 217CORM 7-1B-79 30r: 3,200 C.

(0-17-12)23aba-Sl Stove Gulch 5,190 22 H:NRD 5-18-79 20V 20.0 6,360 Seepay,e rises in bed of
Spring area 6-28-79 1.W gulch where glilch cuts

10-26-79 Ory r:ntrada Sandstone that is
shattered by faulting. C.

(0-17-13)3abd-Sl Coon Spring 5,105 l11ALVM 7-18-79 0.1V 21.0 4,050 Source is alluvium (?) on
or near fault trace. C.

(D-18-10)13aah-Sl Staker Spring 6,365 217CORM 7-10-79 4E 17 .5 703 Spring hox with pipe to
trough. C.

(D-18-11)33acd-Sl U.S. Bureau of 6,970 221BRSB 7-10-79 3,930 Seepage in canyon. Small
Land Management discharge (less than 1

gal/min) affects water
temperature measurement. C.

(0-18-13)29dda-Sl North 5,170 221CRML 5-8-79 2E 10.0 4,820 Seepage from hed of
Summerville 10-26-79 1E conglomerate at top of
Seep formati.on. C.

(D-19-9)lacd-Sl Red Seep 5,635 2218R58 10-31-58 1E C.

26cab-S 1 U.S. Bureau of 5,400 221 SMVL 9-11-75 0.5E 15.5 5,240 C.
Land Management

(0-19-13)13bbd-Sl do. 5,280 221CRTS 5-20-79 1E 18.5 11,,300 On west side of Woodside
10-27-79 Ory anticline. Site sampled is
6-25-80 Ory composite flow from several

seepage areas that dis-
charge from jointed, dark
gray, limy sandstone and
overlying veneer of sand.
Much mineral residue along
edge of stream hed. C.

(0-20-9)33dda-Sl do. 5,560 l11ALVM 10-25-79 5E St ream flow originated in
this reach of Coal Wash in
1979. This s pr ing is fairly
typical of several reaches
of Coal and North Salt
Washes where water may dis-
charp,e from underlying bed-
rock or may he underflow
brought to surface. Water
is saline and sustains
patches of salt cedar
(Tamarix ga l l ica), wil-
low (1) (Sal ix Sp.) , and
cottonwood (populus
fremnntii) even where
there is no visible flow.

35ccd-Sl Yellow Seep 5,700 221CRML 5-9-79 3E 11.0 2,860 Seepage accumulates along
small strike valley. Pi ped
to stock trough. C.

(0-20-10)23bdb-Sl U.S. Bureau of 5,390 231HNGT Water reported fresh. Seep-
Land Management age issues from sandstone

just above base of forma-
tion. In June 1980, c rel~k

UpH tream from s pr i ng
re rx)rtedly was flowing.
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Table 10.--Record of selected springs--Continued

Water

Location Name or owner Altitude
(ft)

Aquifer
code

Date
measured

Dis­
charge

(gal/min)

Temper­
ature
(OC)

Remarks

(0-20-11)3cab-S1 U.S. Bureau of 5,260
Lilnd Management

111ALVM 5-3-78
6-8-78

2,480
3,190

in bed of Buckhorn Wash.
Alluvium overlies Chinle
Formation. C.

U.S. Bureau of 5,870
Land Management

do.

llbcc-S1 do.

(D-20-13)15dad-S1 Cottonwood
Canyon Spring

(0-20-14)34ccd-S1 Trail Spring

(0-21-9)25baa-Sl

5, '11 0

5,155

4,860

4,400

231CHNI.

111AI.VM

220NVJO

l11ALVM

220GLNC

10-31-58
5-3-78
6-6-78

5-3-78
6-8-78

6-8-79

6-7-79

20~:

5E

o

13.5

2,550
2,710
6,590

3,770
5,200

1,340

May be from alluvium over
Chinle l"ormation. C.

Alluvium overlies Moenkopi
Formation. C.

Seepage issues from joints
in sandstone and from over­
lying canyon fill. Many
cottonwood trees in canyon
bed. Sampling site is head
of perennial in this reach;
head of flow migrates down­
stream during summer and
early fall. See text. C.

Stagnant pond at head of
small channel on west side
of Cottonwood Wash. Many
phreatophytes in vicinity.
No visible flow, but creek
bed and banks are damp and
covered with white mineral
deposit .

Personnel of U.S. Bureau of
Land Management report that
this spring and that down­
stream, as well as others
in this area, dry up in
summer and in dry years.

(D-21-13)24cbb-Sl Sulphur Spring

25dda-S1 do. 5,910 220GLNC

230MNKP 1911 200E

See above.

One of a group of springs
on both banks of San Rafael
River in lower Hlack Hox
Canyon. Has strong odor of
hydrogen sulfide. See
Lupton (1911, p. 347-349).
C.

(0-21-14)5aab-Sl

(0-22-8)23aad-S1

Smith Cabin
Spring

Jensen Spring

4,565

6,075

221CRML

221CRML

6-8-79

4-23-59

5E

5E

13.5 992 In deep cut below old
cabin. Issues from jointed,
steeply dipping limestone.
Baker's report of a large
amount of good water may
have referred to higher
spring that reportedly
dried up. C.

Also called South Salt Wash
Spring. South of trail in
bed of South Salt Wash. C.

(0-22-9)8aca-S1 U.S. Bureau of 6,040
Land Management

(0-22-13)35bcd-S1 do. 4,500

221CRML

111ALVM

10-25-79

6-7-79
7-15-80

10E

5E
Dry

17.0

18.0

3,660

2,200

Seepage issues from sand­
stone beds, which accumu­
lates in pools in deeply
incised meanders in Eagle
Canyon. Seep area thickly
coated with white mineral
deposits. Flow sinks into
canyon fill downstream. C.

Estimated discharge probab­
ly is maximum. Underflow
(?) in canyon fill does
reach across Navajo OIJt­

crop. Ahundant water lift'
and some green alg<ie. C.

S pr ing Canyon
S pr i ng

nONVJO 10-28-58

79

7.0 Raker called aquifer the
basal Carlnel; o. A. Phoenix
(U.S. Geological Survey,
written commun., 1962)
callc<j aquifer alluvium
overlying NavH.jo, and could
not finLl orifice. C.



Table lO.--Rec.ords of SeLI'c.ted sprirH~S--C()ntinlled

Loc.atinn

(D-22-16)2Sad-S

25dc-S

N,l1Tle or OWIl(~ r

North Salt Wash
Spring

Salt Wash
See pi1ge

Altitllde
(fl: )

4,1 1111

Aq\lifer
l'ud('

221l\RSI\

Dat<'
ITI('a,<;lln'(!

lJi H­

charge
(p':-ll/min)

W,'! t<~r

'1'l'l11 \1('[-­

;t til rl'
("C)

~E~.:~L~!L­
S\ll'e i f ic
c'\JlldIIC t­

dT\C!'

(plIIhos)

In north fork uf Salt Wash,
near areo-t of I1lllCh faulting.
C.

C;eneral area of seepage in
p,rrthen. C.

(D-23-7)2 I,hca-Sl U.S. Bureau of 5,400
Land Managem(,~nt

221CRML SQepage isslws from bed of
South Salt Wash. Hetl of
wash is (lamJ) froln here down
to confluence with Muddy
Creek. '[hick growth of
phreatophytes along banks.

(D-LJ-8)21hoc-Sl

30bdb-Sl

(D-2J-10)9bbd-Sl

do.

do.

Cl i ff Dweller
Spring

5,840

5,555

7,120

221 CRML

221CRML

231WNGT

7-18-79

7-18-79

10-31-58

5E

10E

1E

3,000

6,000

Pond hehind low banks
against strongly deformed
gypsum in Ilort:h wall of
Kimball Draw canyon. Out­
flow immediately sinks into
canyon fill. Large salt
cedar in damp areas.

Rises in bottom of Kimball
Draw, near top of C;armel.
Numerous large phreato­
phytes in spring area.
Pip('d to trough 0.3 mi
oownstream.

In notch in cLiff, nC;.jr
iJd:;(' () r :;dlld:-;!lJnc'. 1
L(Jr" IliIH_'d u) t nJl..uJJl. ]lifH_'

was only dri pping 7-1<1-7<1.
C.

(0-23-13)34dbo-Sl Iron Wash
S pr i ng

4,380 l11ALVM 10-28-58 151' 16.0 LJndprflow ('~) in Iron Wash.
i\1.1uVtllOl oVL'rlies Cannel.
C.

(D-24-9)Sbcb-Sl Lucky Strike
Mine

5,840 231CHNL 7-19-79 1I' On rigtlt hank, IIp carlYOll
frolll mine huildings.
Unused; Inin(~ uses nearby
we II.

20ccs-S1 Lost Spring

24dcd-Sl Crows Nest
Spring

(0-24-10)3bba-Sl

(0-24-13)4ddb-Sl

9ach-S1

Tan Seep

Seep

Seep

6,700 230MNKP 10-27-41,

4,470 221CRML

4,510 220NVJO

4,790 221CRML 10-28-58

4,520 220NVJO

2E

18.0

16.5

DeveLoped spring; in [{ods
Valley. May issue from
fault zone. C.

Seepage area in bottom of
Iron Wash.

Do.

Also known as Red Rock
Spring. Sample from pi pe
below cribbed rock wall.

Rises in channel where Nav­
ajo is faulted up against
Entrada. Baker said spring
yielcls a small amount of
good water.

31daa-S1 Old Woman
Spring

(0-24-14)30hc3-S1 Hawks Nest
Spdn~

32adb-S1 Cottonwood
Spring

4,810

4,500

221CRML

221CRML

220NVJO

80

Seepage area in b~sal sand­
stone of CarmeL. Kaker
said yield was very smaLL
:-ll11ount of alkaline water
from a coverl'd excavatioll.

Haker said yiel{1 was a very
smal.l amount of good water
itt C;;trmel-NitV;lj() contact.

Rises ill canyoTl bottom
above falIlt and at least
100 ft below top of Navajo.
No visible flow in 1976.
In June 1979 damp sand
extended abollt 0.25 lni
across fault and pool of
stagnant water stood at
fault. Dense phreatophytes
and hydrophytes in canyon
bottom.



Tahle 10.--Record:; of selected springs--Continued

1.0C<it ion Name or owner Altitude
(ft)

Aquifer
code

Date
measured

Ois­
char'le

(gal/min)

Water

Temper­
ature
(OC)

Specl lC
conduct­

ance
("mhos)

Remarks

(0-24-15)15aad-S1 Sprin~ Canyon 4,120 221CRML
Sprin~

17acc-S1 U.S. Bureau of 4,165 221CRMl
Land Mana~ement

(0-24-16)19ddd-Sl Moonshine Sprin~ 4,530 221CRML

Baker said yield was a
small amount of alkaline
water.

Baker called this site
Lower OU'l0ut Spring; rela­
tively large discharge of
gypsum-bearing water.

Baker said yield was a
small amount of slightly
alkaline water. Orifice on
north-trending structural
feature.

27cbb-S1 U.S. Bureau of 4,515
Land Management

221CRML 6-6-79 2E 3,300 Seepage in streambed where
basal sandstone overlies
red siltstone. Much min­
eral residue on streambed
and adjacent banks. Found
dry later in year and in
1980.

(0-26-14)10acd-S1 Upper Ou~out 4,965 221CRML
Spring

28bac-Sl Sweetwater 5,380 221 ENRO
Spring

(0-26-16)lcda-Sl Keg Sprin~ 4,560 220NVJO

(0-24-17)27bad-Sl Arch Sprin'l

(0-25-12)4aac-S1 Swazy Seep

(0-25-13)2cah-Sl State of Utah

6aca-Sl Temple Spring

(0-25-14)28ada-Sl Ou~out Sprin~

4,280

5,020

4,525

I~, BOO

4,780

220NVJO

221CRML

220NVJO

221CRML

221 CRML 6-6-79

81

Ory

Issues near contact with
Kayenta.

Issues from base of forma­
tion. Reported dry in
summer 1977.

Seepage in channel of
Cottonwood Wash where it
cut~ into the sandstone.

Seepage area in bottom of
wash~ flow accumulated be­
hind low <1am. Dense
phreatophytes in seepa~e

are"!.

Baker called this site Dug­
out Troughs. Poor quality
water piped to troughs. ln
1979 site marked only by
patch of salt cedar in
creek bed and broken pipe.

Baker reported small amount
of poor quality water piped
to troughs.

Baker reported small amount
of good water in excavated
spring area.

One of a group of springs
that issue along Navajo­
Kayenta contact in Keg
Spring Canyon. Water
reported good quality.



r.C-lhlf~ 11.--Records of sl'll-'cted petroleum-Lest \oJells and other Lt'st holes

[AbbrL'vL.'-ltions: ft, feet; p,al/l'lin, p,illlons per minute; ppm, parts [ll'r miLlion; in., inch\

LO(~;tLi.l)n: Set' L(-'xt for dt'scription of well- and spring-numberi.ng system. n, well d(~t'pened in year shown as y('nl~ ('ollsLruc­
ted; S, weLL plll}~gC'd hack or otherwise tested in year shown rtS year constructed; W, test w{'ll left for 11St' as or cO!lVl'rLl'd
to watel- wl~lL. (See tahle 9.)

Narnc~: Shows l:ornpany that drilled well, follO\..u~d by th(~ numher of the well drilled in individual leaRt" area, followt'd hy
L\!ldowner or other lease holdcr.

i\1.tl tude: Altitude of land surface at well, in ff~Ct: Hhove National C;eodetic VerLLcal Datum of 1929. Many altitudes are those
report(!d hy company drillillg well, l)ut all llilVC been checked agaillst topogrrtphic maps and have been mudifie(1 where rCI)ort­
ed value seems seriously in error.

Selected ~eologic data: Formation code--See table 1 for explanation ()f code. See table 2 for description of lithology.
Depths rt11 llavc he en adjusted, where possible, to depth below Ian,! surface. Some are company's reference datum, bilt
(Jifference generally is less than 15 ft.

Interval tested: Most intervals were isolated with packers all(! sampled through or in the drill stem; see reloarks. Depths
have been adjusted, where possible, as noted under selected geologic data.

Other data available: C, chemical analysis in table 14. J, geophysical logs run for this project, in files oE U.S.
C;eolagical Sllrvey. Note that most companies make gf!ophysical logs of petroleum anI] mineral test holes; clJpies of such
Logs for some of the listed wells are in the files ()f State or Fe(leral regulatl)ry agellcies.

Remarks: Term, Mel" is 1,000 cubic feet of gas. Reference to amount of fluid recovered, in feet, medns the linear distance
ilbove the packer that drill s~em was filled with fll1id which entered the empty (Irill stem when tf,c packer WilS (l!lerlU{! t(l
test the formation. Term, "sulfur water ll means water with an odor of dissolved hydro}',en sulfide. Terms of water qllaliLy
reported by petroleum-test drillers are not exact. "Fresh water" is any that is not recoKnizallly salty, anel may \JC fresh
to moderately srtline (see definitions in the introdllction); "brackish water" is rec()gnizable salty, hut nut a [Jrine; salt
water may range from very saline to briny.

Location Name
Year
con­

structed

Alti- Depth
tude dr i lled
(ft) (ft)

Selected geologic data
AqUifer Depth Depth to

code to top bottom
(ft) (ft)

Interval tested
Depth Depth to

to top hot tom
(ft) (ft)

Other
data

avail­
able

Remarks

(lJ-14-12)19cbb-l Pacific Transmis- 1974 5,808 1,643 210DKOT 880 925
sion Supply No. 1 217CDRM 925 1 ,576
13-19 Federal 217BCKR 1.391 1,576

221MRSN 1 ,576

22hdd-1 Oil Securities & 1955 5,798 2,335 210DKOT 1,676 1,706
Uranium No. 1 217CDRM 1,706 2,235
Marakis 217BCKR 2,206 2,235

221MRSN 2,23,

(D-15-10)26aaa-l Shell No. 1958 5,500 10,854 221CRTS 2,540 2,700
Federal 221ENRD 2,700 3,308

221CRML 3.308 3,914
220NVJO 3,914 4,260
231KYNT 1.,260 4,390
231WNGT 4,390 4,793
310KIBll 6,266 6,450
310CCNN 6,450 7,108
330MSSP 8,950 10,763 10,058 10,16',

(D-15-11)12cda-l Carbon Dioxide & 1930 5,735 3,11 1, 220NVJO 3,100 3,095 3,114
Chemical No. 2
Farnham Dome

C Company called the
sampled zone the
Humbug Formation.

C Water sample baile(1
from well by using
temperature loggirlg
equipment at 2,320
ft. Well produced
2,780 MCr per day
of carbon dioxide.

12dbc-l Utah Oil Refining 1924
No. 1 Farnham Dome

5,765 3,235 220NVJO 3,090 Replugged in 1944
to shut off water
in sand at 1,332
to 1,392 ft. Well
produced 12 MCF
per day of carbon
dioxide.

(D-15-12)7ccc-l Pan American 1963 5,780 8,509 210DKOT 472
No. 1 Farnham 217BCKR 1,050
Dome 221CRTS 2,005 2,164

220NVJO 3,008 3,280
231KYNT 3,280 3,580
231WNGT 3,580 3,775
310KIBB 4,896 5,012
310CCNN 5,012 5,282
330MSSP 7,042 8,154 7,433 7,986

340DVNN 8,154 8,284
370CMBR 8,254 8,492
400PC!1B 8,492

82

C

Recovered very
cloudy water with
dark brown organic
filtrate.





fable 11.- -Rel:ords of selected petrule1lm-test w"lls and other tt'st holt~s--ConLi_nuL'd

Locrition Name
Year
con­

structed

Alti- Depth
tude dri 11ed
(ft) (ft)

Selected geologic daLa
Aquifer Depth Depth to

code to top bottom
(ft) (ft)

tnLerV;'-ll tested
~)~tTltO
to top bottom
(ft) (ft)

Other
dar_a

dvai 1­
able

Kernarks

(D-15-13) 17dhc-1 Hountain Fuel
Supply No. 1
Federal

1971 5,850 9,158 210DKOT
217BCKR
221MRSN
221SMVL
221CRTS
221ENRO
221CRML
220NVJO
231KYNT
231 \-INGT
231CHNL
231SRMP
230MNKP
237SNBD
310KIBB
310CCNN
324HRMS
320MNGC
330DSRT

330MOSN
340DVNN
370CMBR
400PCMB

1,726
2,015
2,050
2,546
2,808
2,930
3,270
3,565
3,866
3,950
4,350
4,526
4,573
5,135
5,504
5,640
6,956
7,390
7,820

8,480
8,880
8,950
9,090

1 ,746
2,050
2,546
2,808
2,930
3,270
3,565
3,866
3,950
4,350
4,573

5,504
5,200
5,640

8,480

8,880
8,950
9,090

7,990 B,080

C

Recovered 300 ft
slightly gas-and
water-cut mud and
6,050 ft of
slightly gas-cut
salt water.

(0-16-10) 28cdb-1 Chevron No. 1
Wi 11son

1967 5,375 10,000 220NVJO 3,962
231WNGT
310WTRM 6,534
330MSSP 9,350

4,900
7,200

330RDLL 8,760
370CMBR 9,382

( 0- 16 -11 ) 11 c ba-l

(D-16-12)laab-l

lbbd-l

Pan American
No. 1 Federal

Cities Service
No. 4 Federal

McAdams No. 1
Federal

1965

1962

1953

5,375

5,380

5,425

9,425

4,020

7,930

221CRTS
221ENRD
221CRML
220NVJO
231 KYNT
231WNGT
310KIBB
310CCNN
331HMBG
330DSRT

221CRTS
220NVJO
231WNGT
230MNKP

221CRTS
221ENRD
221CRML
220NVJO
231WNGT
237SNBD

310CCNN
331HMBG
330MDSN

84

1,465
1 ,595
2,202
2,484
2,848
2,987
4,725
4,858
7,612
8,016

1,530
2,280
2,770
3,420

1,512
1,650
1,983
2,270
2,750
4,017

4,550
7,350
7,733

1,595
2,202
2,484
2,848
2,987
3,377
4,858
5,530
8,016
8,760

1,620

3,156

1,650
1,983
2,270
2,693
3,169

5,177
7,733

8,150

8,276

8,369

8,520

3,890

4,014

7,831

8,275

8,369

8,520

8,620

3,903

4,083

7,930

C

2,500 MCF per day
nonflammable gas by
flow.
1,500 to 2,000 MCF
per day nonflamma­
ble gas by flow.
1,720 MCF per day
nonflammable, by
flow.
Recovered 44 MCF
nonflammable gas
and 2,000 ft of
water.

Produced oil.

Drilled by Cities
Service Oil Co.
Re-entered in 1961.

Recovered 80 ft of
l'sulfur gas II-cut
mud, 90 ft mud-cut
water and 450 ft
water.

Recovered 270 ft
carbon dioxide and
water-cut mud and
1,910 ft of carbon
dioxide-cut salt
water.



Table 11 .--Records of selected petrolellm-test wel.1s and other test holes--Continued

Selected geologic data Interval tested Other
Year Alti- Depth AqUlfer Depth Depth to Depth Depth to data Remarks

Locat ion Name con- tude drilled code to top bottom to top bottom avail-
structed (ft) (ft) (ft) (ft) (ft) (ft) able

(D-16-12)lcaa-1 McAdams No. 5 1962 5,504 4,110 221CRTS 1,503 1,645 Dri lled by Cities
Federal 221ENRD 1,645 2,070 Service Oil Co.

221CRML 2,070 2,280 Produced oil from
220NVJO 2,280 Moenkopi Formation.
231WNGT 2,737 3,205

2aab-1 McAdams No. 2 1961 5,432 4,020 220NVJO 2,278 Do.
State 231WNGT 2,756 3,146

2bab-1 Skyline No. 2-21 1972 5,515 4,145 221ENRO 1,600 Drilled with air.
State 220NVJO 2,330 2,800 Produced 115 gall

min brackish wat(~r.

231KYNT 2,800
231WNGT 2,800 2,800 3,180 Produced 70 gall

min hrackish water.

4bad-1 Equity No. 2 1953 5,430 4,678 221CRTS 1,503 1,668 C Tested nine zones
Heber 221ENRO 1,668 2,029 between 3,975 and

221CRML 2,029 2,339 4,452 ft, whlch
220NVJO 2,339 produced a little
231WNGT 2,794 3,228 water from the
230MNKP 3,490 4,611 Multiple tests Moenkopi Formation.

4o.da-l Equity No. 4 1953 5,443 4,671 221CRTS 1,365 1,532
Weber 221ENRD 1,532 1,902

221CRML 1,902 2,180
220NVJO 2,180
231WNGT 2,673 3,121
310CCNN 4,620

12bac-1 McAdams No. 1 1962 5,341 4,322 221ENRO 1,362 1,712 Ori lled by Cl.tles
Federal 220NVJO 2,004 2,458 Service Oil Co.

231WNGT 2,522. 2,912
230MNKP 3,151 4,170 3,655 3,761 Produced 3 barrels

(126 gallons) of
water per day with
oi 1.

310CCNN 4,304

16dad-l Equity No. 1 1961 5,557 3,820 217BCKR 170 196
State 221SLWS 520 653

221ENRD 1,170 1,530
220NVJO 1,830 2,260
231WNGT 2,310 2,708
237SNBD 3,618 3,625 3,820 Recovered 1,300 ft

slightly salty
"sulfur" water.

23cbb-l Globe Minerals 1969 5,700 3,616 221ENRD 999 1,428
No. 1 Garman 220NVJO 1 ,722 2,030 1,782 Reported yield (by
and Fees 231WNGT 2,140 2,604 2,604 air lift?) was 170

gal/min.

27abb-1 Carter No. 1957 5,815 7,132 221CRTS 980 1,135 C
Federal 221ENRD 1,135 1,'.40

220NVJO 1,755 2,120
231WNGT 2,222 2,634
230MNKP 2,960 3,846
237SNBD 2,960 3,501 3,573 Produced l,6U" MCF

per day of nonflam-
able gas with
hydrogen sulfide
odor.

310CCNN 3,975 4,435
324HRMS 4,435 4,442 4,458 Recovered 30 ft of

mud and 360 ft of
water.

331HMBG 6,140 6,410
BOOSRT 6,410 6,585
330MIJSN 6,585 6,998 7,132 Recovered 140 ft of

mud and 840 ft of
salt water.

(IJ-16-13)8ddc-1W True No. 44-8 1974 5,328 4,390 217BCKR 585 710 Plugged back and
Hami 11 221 SLWS 1,000 1,270 left for usc as

221CRTS 1,451 1,625 water well.
221ENRD 1,625 1,985
220NVJO 2,220 2,560
231WNGT 2,650 3,070
310KIBB 4,300



TahLe 11.~--Records of selected petroleum-test. wplls iind other test holes--Contlll\wd

Location Name
Year
con­

structed

Alt i-Depth
tude drilled
(ft) (ft)

Selected geologic data
Aqul fer Depth Depth to

code to top bottom
(ft) (ft)

lilLer-val tested
Depth Depth to

to top bottom
(ft) (ft)

Other
data

avail­
able

Remarks

-~~~~--_.._--~------~~~~-

230MNKP 2,912
237SNBD 3,516

310CCNN 4,045
330MSSP 6,150

(~-16-13)21ccd-l Reserve No. 1
Socony Mohil

1963 5,287 6,506 221CRTS
221 ENRD
220NVJO
231WNGT

1,016
1,163
1,777
2,205

1 ,163
1,485
2,099
2,644

3,896
3,574

4,535

1,784

3,494

2,400

3,550

C

Sampled while
drilling with air
in Navajo-Wingate
section. At 2,1+00
ft yield reported
as 50 gal/min of
water contaifling
10,000 ppm of
sodium chloride.

Recovered 60 ft mud
and 403 ft of muddy
"sulfur" water.

(D-17-13)3Dddd-1W True No. 44-30
Hamill

5,569 10,915

5,147 2;704

230MNKP 1,568

Plugged back and
left for usc as
water well. Drilled
with mud, 391-1,728
ft because of water
in Navajo and (?)
Wingate.
Brackish water with
hydrogen sulfide.
Reverse fault be­
tween 1,568 and
1,690 ft.

2,6002,663

1,236
1,841
2,339

353
722

1,280

1,800
2,555
3,190
3,730
6,075

10,630

1 ,637
1,800
2,770
3,375
5,415
9,210

10,453
10,630
10,840

846
1,451
1,945

221CRTS
221ENRD
220NVJO
231WNGT
310CCNN
330MSSP
3740PHR
374TNTC
400PCMB

221ENRD
220NVJO
231WNGT

221CRML 0
220NVJO 353
231WNGT 805

3,3125,6321963

1961

1974

Pure Oil No. 1
State

Read No.
Quintana

(0-17-12) 1bba-1

(D-17-1D)ldhb-l

32bdc-l U.S. Dept. of
Energy No. SR-25

1979 5,157 1,625 221CRML
220NVJO
231WNGT

o
315
890

315
745

1,245
312
312

400
700

C Test hole for
coring Chinle For­
mation. Drilled
with air and deter­
gent. Navajo
drilled hard and
slowly. Water level
estimated at 105 ft
below land surface,
from geophysical
logs.

(D-17-14)29acd-l Placid No. 1
Tidewater­
Southern Union

1965 4,751 8,517 200MNCS
210DKOT
217CDRM
217BCKR
221MRSN
221SMVL
221CRTS
221ENRD
221CRML
220NVJO

231 KYNT
231WNGT
231CHNL
230MNKP
237SNBD
310KIBB
310WTRM
3100GRK
319ELPC
324HRMS
324PRDX
330MSSP

o
518
653
970
998

1,470
1,690
1,879
2,190
2,610

2,870
3,100
3,430
3,935
4,400
4,812
4.933
5,220
5,393
6,175
6.358
8,160

518
653
970
998

1,470
1,690
1,879
2,190
2,610
2,870

3,100
3,430
3,935
4,812
4,527
4,933
5,220
5,393
6,175

7,265

2,735

2,743

8,340

2,737

2,745

8,507

See table h for
permeability data.

Recovered fresh
water with odor of
hydrogen sulfide.
Recovered fresh
water.

Recovered 360 ft
of water-cut mud,
540 ft mu(ldy water,
~~ge?:321 Ft salt

86



Table 11 .--Records of selected petroleum-test wells and other test holes--Continued

Location

(D-18-9)31dda-l

Name

Kralik No. 1
State

Year
con­

structed

1948

Alti- Depth
tude dri lled
(ft) (ft)

5,840 3,600

Selected geologic data
Aquifer Depth Depth to

code to top bottom
(ft) (ft)

220NVJO 3,540

Interval tested
Depth Depth to

to top bottom
(ft) (ft)

Other
data

avail­
able

Remarks

25aab-l Modern Menerals
No. 1 Skyline

5,681 2,339

374TNTC 6,580
400PCMB 6,720

221CRML 0
220NVJO 50
231WNGT
310KIBB 2,267

(D-18-10)18dab-l

(D-18-11)27aca-l

(D-18-12)12ada-l

(D-18-14)8ccd-l

30ccb-l

(1J-18-15)19abd-l

Hamon NOa 1
AMOCO

Austral No. 1-27
Amerada

El Paso Natural
Gas No. 1 Harman

Lemm-Maiatico
No. 1 Federal

Humble Oil No. 2
Federal

Shamrock No. 1
Federal

1973

1966

1953

1969

1960

1962

1966

5,767

7,082

5,291

4,830

5,090

4,584

4,530

6,861

6,806

7,920

7,083

9,896

221 CRTS
221ENRD
220NVJO
310KIBB

217CDRM

220NVJO

231WNGT
310CCNN
330MSSP

371 LYNC

221CRML
220NVJO
231WNGT
310CCNN
320PSLV
330MSSP

217BCKR
221SLWS
221CRTS
221 ENRD
220NVJO
231WNGT
310CCNN
324HRMS
324PRDX

320MOLS
320MNGC
330MSSP

221 CRTS
221ENI\D
220NVJO
231WNGT
310KIBB

310CCNN

330MSSP

220NVJO
231WNGT
310CCNN

B7

1,262
1,424
2,458
4,430

o

1,682

3,940
5,206

6,402

o
100
524

2,330
2,859
4,566

240
521

1,150
1,307
1,785
2,091
4,217
5,113
5,447

7,168
7,270
7,472

445
635

1,294

3,606

3,710

6,872

4,920
5,515
7,260

1,424
1,955

4,416

100
400
970

4,566

6,720

50
444

1,012

275
781

1,307
1,486
1,960
2,732
4,587
7,186

7,270
7,472

635
995

2,246
3,710

4,159

5,300
5,860
7,818

1,682

2,300

5,590

6,550

5,050

5,950

7,640

3,605

3,717

6,963

1,900

2,400

5,610

6,710

5,150

6,020

7,920

3,673

3,868

7,083

C

Driller reported
6-8 barrels (252­
335 gallons) of
water per hour,
with 900 ppm of
sodium chloride.
Water zone indica­
ted by geophysical
logs.
Do.

Driller reported
water.
Do.

Recovered 3,970 ft
of salt water.

Recovered 300 ft of
mud and 1,500 ft of
slightly mud-cut
water.

Recovered 810 ft uf
mud, 450 ft of
slightly water-cut
mud, and 5,790 ft
of brackish water.

Recovered 300 ft of
mud, 720 ft of
slightly mud-cut
and heavily gas-cut
"s\11fur" water, and
1,620 ft of heavily
gas-cut "sulfur"
water.
Recovered 160 ft of
mud, 450 ft of
slightly salty
water, and 270 ft
of gas-cut and
slightly mu(l-cut
water.
Recovered 90 ft of
l11Ud and 3,366 ft ()f

sillt water.



'r~ltl10 11 .--ReCllrds (If selected petrolellm-tcst wells an(1 other test holes--Continuc(l

LocaL ion Name
Ye:ir
con­

structed

Alti- Depth
tUlle dri 11ed
(ft) (ft)

Selected geologic data
Aquifer Depth Depth to

code to top bot tOIl1

(Et) (EI)

Interval tested
Depth Depth to

to top bottom
(Et) (fl)

Other
data

avail­
able

R(>rnal~ks

310CCNN 2,355

(1l-19-9)8hdd-l

(D-19-10)23dbb-l

(D-19-11 ) 11 bda-l

(D-19-12)9cca-l

9dbc-l

29caa-l

30bba-l

(D-19-13)12dcb-l

Hamon No.
Gulf Oil

8ush No.
Phillips

True No. 22-11
Hami 11

Hancock Utah
Devel. No. 1
Federal

Modern Minerals
No. 1 Skyl1ne­
State
Re-entry by
U.S. Geological
Survey

Reynolds Mininl\
No. 1 Federal

U.S. Geological
Survey test hole
No. NSR T-2

Utah Oil Refining
No. 1 Fit zhul\h

1975

1977

1975

1954

1969

1980

1955

1980

1924

5,685

7,448

6,089

6,070

6,167

6,182

5,345

6,215

1,578

2,]84

4,930

2,376

610

6,031

550

3,375

221SLWS
221 CRTS
221ENRD
220NVJO
231WNGT
310CCNN
330MSSP

221CRML
220NVJO
231WNGT

217CDRM
221 SLWS
221CRTS
221ENRD
220NVJO
231WNGT

221CRML
220NVJO
231WNGT
310CCNN

330MSSP

221CRML
220NVJO

231 KYNT

231WNGT
231SRMP

221CRML
220NVJO
231KYNT
231CHNL
231SRMP
230MNKP
237SNBD
310KIBB
310CCNN
320PSLV
330MSSP
3410URY
341ELBR
371 LYNC
3740PHR

221CRML
220NVJO
231KYNT

221CRTS
221ENRD
220NVJO
231WNGT
310CCNN

88

755
1,460
1,620
2,900
3,580
5,115
5,790

o
180
735

o
400
765
950

1,605
2,130

o
16

686
2,376

4,158

o
68

556

713
1,358

o
30

686
1,090
1,362
1,402
1,980
2,256
2,369
2,865
4,106
4,922
5,052
5.302
5,695

o
42

503

o
190
835

1,475
3,215

1,200
1,620
2,270

3,850

180
610

1 , 1 7.,

100
600
950

1,313
2,045

16
546

1,094

68
556

713

1,114

30
536

1,090
1,402

2,256

2,369

4,106
4,922
5,052
5,302
5.695

42
503

190
680

1,215
1,830

4,251

4,788

1,340

4,366

4,839

1,410

J

Witness post at
site shows that
at 1,583 ft hole
contains a lost
I\eophysical survey
tool containinl\ a
neutron source.
Recovered 210 ft of
slightly water-cut
mud.
Recovered 630 ft
of mud-cut fresh
water.

Zone found dry in
1980.
Zone found slil\htly
damp in 1980.

Driller repurted
about 1.5 gal/min
uf fresh water.

Dry to 550 ft, but
siltstone io bottom
seemed damp in last
20-30 ft. Selected
samples from Navajo
sent for sieve
analysis.

Discovery well for
helium in Woodside
anticl1ne. (See
Gilluly, 1929.)
Zone yielded 6,000
to 9,000 MCF per
day of inert gas
with 1.31 percent
helium.



Table 11.--Records of selected petroleum-test wells and other test holes--Continued

Location Name
Year
con­

structed

Alti- Depth
tude dri lled
(ft) (ft)

Selected geologie data
Aquifer Depth Depth to

code to top bottom
(ft) (ft)

Interval tested
Depth Depth to

to top bottom
(ft) (ft)

Other
data

avail­
able

Remarks

(D-19-13)12ddd-1W Humble Oil No.1
Federal

IS Re-entry by
Holly Resources

1962

1969

5,489 8,431 221CRTS
221ENRD
220NVJO
231WNGT

310KIBB

310CCNN

324PRDX

330MSSP

180
395

1,052
1,664

3,306

3,424

5,301

6,391

395
894

1,439
2,022

3,424

3,884

7,226

3,341

3,671

5,518

6,736

3,373

3,702

5,608

6,915

C Composite record of
petroleum testing
operations. Plugged
back and left, un­
perforated, for use
as water well.
Produced 5,000 MCF
per day of nonflam­
able gas with spray
of salt water that
leaked from helow
bridge plug at
3,400 ft.
Swabbed about 3
gal/min from three
perforated inter­
vals. Water was
salty.
Recovered 180 ft of
mud and 5,120 ft of
slightly salty
water.
Recovered 300 ft of
mud and 5,160 ft of
slightly mud-cut
salt water.

21cbd-l U.S. Geological
Survey test hole
NSR T-3

1980 5,190 310 l11ALVM

221CRML

220NVJO

o

8

120

8

120

120 310

C,J Drilled with air
and detergent.
Sma11 amoun t 0 f
perched water in
Carmel at 59 ft;
later heard drip­
ping to water level
at 95 ft.
See table 9 for
hydrologic data.

(D-19-14)8cbd-l Skyline No. 1
Federal

1970 5,033 6,528 220NVJO 1,640
231WNGT
310WTRM 3,980

2,560

310WTRM 6,080
324PRDX 8,121

6,060 10,798

11 dcb-1

35bcd-2

(D-19-15)14ddc-1

(D-20-8) 35bbd-l

(D-20-9)27bac-l

JJaah-l

California-Time
No. 1 Federal

Carter No. 1-A
Federal

Clinton No. 1
Walsh

True No. 11 - 35
Federal

u.S. Dept. of
Enerp,y No.
SR-204

IJ.S. Ikpt. of
!,:]1l'rgy No.
S\{-203

1968

1957

1975

1975

1979

1Y79

5,005

4,642

5,713

5,586

", n:; 7

8,795

8,737

4,457

1,902

1,913

217RCKR
221SLWS
221 CRTS
221ENRD
220NVJO
231WNGT

2100KOT
217RCKR
221SLWS
221ENRD
220NVJO
231WNGT
310CCNN
330MSSP

210DKOT
221 ENRD
220NVJO
231WNGT
310CCNN

221 CRML
220NVJO
231WNGT
310KIRB

221CRML
220NVJO
231WNGT

220NVJO
231 WN(;T
231 CCRK
2J H1KCK

2,301
2,557
2,994
3,110
3,812
4,180

953
1,170
1,388
2,187
2,652

4,865
8,587

4,364
5,715
6,218
6,920
8,550

1,530
2,150
3,130
4,350

o
472

1,220

520
1,261,

1,601
1,737

2,370
2,825
3,110
3,501
3,995
4,770

989
1,207
1,675
2,422

3.612
5,263

7,150

2,150
2,790
3,250

472
1,012
1,550

1,0 /.4
1,601
1,737

4,440 4,575 Recovered 1,340 ft
of mud-cut water.

Test hole for cor­
ing Chinle Forma­
tion. Water level
estimate,1 at 132 ft
helow lan(l sllrfacu,
fr()m ge')physic~l

Logs.

h'ilter L('vel esti­
matpd at 15L fr:
below Land Sl1rfiiCe,
frul!l geophysical
logs.

33.1",,-1 U.S. Dept. of
Enl\rgy No.
S\{-'i02

1979 '>,636 1,970 nONVJO ')10
231WNl;l' 1,298

89

1 122
1 :628



Table 11.--Records of selected petroleum-test wells and other test ho les - -Con t i n.ued

Selected geologic data Interv'il tested Other
Year Alti- Depth AqUl fer Depth Depth to Depth Depth to dara Remarks

Locat ion N<irne con- tude dri lled code to top bottom to top hottom avail-
structeo (tt) (ft) (Et) (Et) (Et) ( ft) ahle

---- -----------_. - -~--------

(ll-20-1 0) 6hdd-1 IJ .S. c;eolop,ical 1980 ),260 1.75 l11ALVM 0 3() C,J Uri Il..d wi til r i Vl'r

Survey L"" t holp 221CRML 30 152 w'll('r.
NSR '1'-1 220NVJO 152 11.6 t.. 1J Flowed through

packer ;Illd drill
stem. ShuL in for
1 hour 20 lIIillutes.
See table ~ [or
hydr()J()gi.c ('\;;lld.

7dcb-l True Oil No. 34-7 197'> 5,558 2,1.4() 220NVJO 182 12'>
~'ederal 2]1 WNGT 820 1,2'>'>

310CCNN 2,432

(D-20-14)JJbba-l Toledo Mining, 1969 4,610 7,558 I)('LJ.ih~d gc'olllt" ist
No. 1 Skyline log arId test: daLol

in files uf U.S.
Geological Survey.
Drilled with air to
2,269 ft where
drilling mud had to
be used to control
water.

221MRSN 0 430 230 240 Airlifting a "l-in.
stream".

221CRTS 695 865
221ENRD 865 1,180 865 880 Airlifting a 112-in.

stream" of fresh
water.

960 990 Do.
220NVJO 1,435 1,950
231WNGT 1.005 2,450 2,130 2,260 Do. t:stimated dis-

charg~ was luore
than 2,000 barrt'ls
per day (511 I\al/
min). Water report-
edly analyzed by
Green River 'fown.

310CCNN 3,700 4,135
330MSSP 7,330 7,388 Drill pipe dropped

about 2 ft and mud
disappeared down
hole.

7,530 7,))8 Recovered 180 fL
of mud, 1,000 ft
water-cut mud. and
2,230 ft of water
containing 81,000
ppm of chloride.

(D-21-9)2bbb-l U.S. Dept. of 1979 5.770 1,772 221CRML 0 342 C Water level esti-
Energy mated at 200 ft
No. SR-24 below land surface,

from geophysical
logs.

220NVJO 342 940 342 520 Airlifting produced
flow estimated at
100 gal/min.

342 640 Water production
increased.

342 860 Do.
231WlllGT 1,115 1,452 342 1.450 Airlifting produced

flow estimated at
200 gal/min.

(D-21-13)ldba-l Wainoco No. 33-1 1975 4.494 4,060 310WTRM 620 1,180 Dri ller reported
Skyline zone yielded water.

330MSSP 3,580 00.

32dad-l American Metal 1961 5,754 4,640 310KIBB 0 63
Climax No. 1 310CCNN 63 740
Putnam 319ELPC 740 1,236

324HRMS 1,236 2,170
324PRDX 1,754 1,868 Evaporite section.
330MSSP 2,170 2,810
3410URY 2,810 2.930
341ELBR 2,930 3,179
371 LYNC 3,179 3,876
374BWMN 3,876
374HRMN 4,215
3740PHR 4,215 4,414
374TNTC 4,414 4,580
400PCMB 4,580
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Table 11.--Records of selected petroleum-test wells and other test holes--Continued

Selected geologic data Interval tested Other
Year Alti- Depth Aquifer Depth Depth to Depth Depth to data Remarks

Location Name con- tude dri lled code to top bottom to top bottom avail-
structed (ft) (ft) (ft) (ft) (ft) (ft) able

(D-21-14) 5aad-l Dennison Mines 1974 4,563 6,000 310WTRM 2,425 2,990
No. 5-1 Skyline 324HRMS 5,700 4,295 4,335 Recovered 1,800 ft

of brackish water.
330MSSP 5,824

(D-21-15)24cca-l Superior 1961 4,215 10,606 221ENRD 1,538 1,922 C
No. 14-24 220NVJO 2,340
Bamberger Estate 231WNGT 2,740 3,065

310CCNN 4,105 4,841
330MSSP 9,533 10,205 9,555 9,652 Recovered 173 ft

of mud, 81 ft of
water-cut mud, and
118 ft of muddy
water.

9,705 9,753 Recovered 600 ft of
water-cut mud. and
5,700 ft of salt
water.

(D-21-16)33bac-l Skyline No. 1 1966 4,267 9,261 221 ENRD 1,068
Federal 220NVJO 1,225

231WNGT 2,180
310CCNN 3,265 3,642
310CTLR 3,642 3,856

34dda-l Ruby et aI, 1936 4,056 2,627 221ENRD 487 C Known as Crystal
No. 1 State 220NVJO 695 1,065 Geyser.

231WNGT 1,614
310CCNN 2,622

35dbc-l Marland No. 1 1925 4,410 3,820 220NVJO 1,130 1,500
Federal 231WNGT 2,055

310CCNN 3,055 3,400
310CTLR 3,400 3,570

(D-21-17)26adc-l Shell No. 1-26 1969 4,470 11,895 220NVJO 3,025 C
Federal 310WTRM 5,028 5,463

324HRMS 6,260 6,465 6,615 Recovered 2,100 ft
of salt water.

324PRDX 7,916

(D-22-8)10ccb-l True No. 14-10 1975 6,057 3,690 221ENRD 0 685
Federal 220NVJO 1,185 1,885

231WNGT 2,425
310KIBB 3,627 3,657
310CCNN 3,657

l1ccb-1W Utah Plateau 1961 5,940 2,246 221ENRD 0 120 C Plugged back and
Uranium No. 1X 220NVJO 735 1,300 left for use as a
Sterge water well.

231 KYNT 1,300 1,550 1,416 1,467 Zone finished for
water supply.

231WNGT 1,550 1,924
231CHNL 1,924 2,195
230MNKP 2,195 1,400 2,246 Swabbed water

sample. Water level
285 ft below land
surface.

(0-22-10 )30aca-l Cities Service 1966 6,550 1,200 230MNKP C Core hole sampled
while drilling.

704
1,080 Water level recov-

ered to 680 ft
after 14 hours.

1,200 Water level recov-
ered to 580 ft
after 28 hours.

33abc-l Utah Dept. of 1963 7,120 475 231KYNT 0 68 Water test hole for
Transportation contruction of

Interstate High~ay

70. See table 9.
231WNGT 68 370
231CHNL 370

(D-22-11)23bdc-l do. 1963 6,520 290 230MNKP 0 39 Do.
237SNBD 39 61
230MNKP 61 163
310KIBB 163 268
310CCNN 268 Water in basal

SinbaJ LimestoflC
t'1.~mber ()f thl~

Moenkopi Formation
WAS los t whf1n ho Ie
was (lrilled into
Coconino Sandstone.
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Table 11 .--Records of selected petroleum-test wells and other test holes--Continued

Loca t ion Name
Year
con­

structed

Alti- Depth
tude drilled
(ft) (ft)

Selected geolo~ic data
Aquifer Depth Depth to

code to top bottom
(ft) (ft)

Interval tested
Depth Depth to

to top bottom
(ft) (Et)

Other
data

avail­
able

Remarks

(D-22-12)5abd-l

26abc-l

Three States
Natural Gas
No. 1 Federal

Reynolds Mining
No. 1 Three
States Natural
Gas

1954

1955

6,230

6,691

4,183

5,105

310CCNN
320PSLV
330MSSP
340DVNN
341ELBR
371LYNC
3740PHR
374TNTC
400PCMB

310K1BB
310CCNN
320PSLV
330MSSP
400PCMB

o
730

1,310
2,180
2,31D
2,636
3,160
3,863
4,083

223
305

1,105
2,404
5,066

1,310
2,180

305

2,404
3,118

Granite wash at
4,083 ft; granite
at 4,170 ft.

221ENRD 4BO
220NVJO 1,187

(D-22-13)24aad-l AMAX No.1
McCulloch

1964 4,730 6,755

231WNGT
310CCNN
3100GRK
330MSSP

1,971
3,3B9
4,000
6,411

933
1,678

2,260
4,000
4,070

6,615

6,645

6,640

6,755

Driller reported
water in Navajo to
be sali.ne.

Recovered 200 ft of
water-cut mud and
447 ft of muddy
fresh water.
Recovered 636 ft of
muddy fresh water
and 3,400 ft of
fresh water.

(D-22-15)5ddb-l CalIfornia-Utah
No. 1 Politano

1899 4,400 l,6DO 200MNCS o 800 Reportedly ended in
Morrison Formation.
Water level 15 ft
below land surface.

9abc-l

26caa-l

28bda-l

29bbd-l

(D-22-16)2bba-l

AMAX No. 9-7
Monsanto Chemical

Texas Eastern
Transmission
No. 1 Federal

Equity No.1
Weber

American Metal
Climax No. 29-4B
Sinclair

Amerada No. 1
State

1964

1957

1952

1961

1948

4,427

4,344

4,395

4,405

4,080

8,991

8,490

8,134

6,201

5,645

217CDRM
221SLWS
221ENRD
220NVJO
231WNGT
310CCNN
330RDLL

221ENRD
220NVJO
231WNGT
310CCNN
3100GRK
330MSSP

220NVJO
231WNGT
310CCNN
330MSSP

221SLWS
221CRTS
221ENRD
220NVJO
231WNGT
310CCNN
319ELPC
324PRDX

221CRTS
221ENRD
220NVJO
230MNKP

310CCNN
310CTLR
324PRDX

92

354
802

1,537
2,063
2,664
4,092
8,560

1,035
1,530

3,543
4,110
B,330

1,565

3,559
7,860

297
718
941

1,597
2,251
3,624
4,343
6,190

755
79D

1,495
2,025

2,665
2,905
5,105

510
1,146
1,873
2,494
3,067
4,848

1,302
2,015
2,256
4,110

2,530

549
941

1,378
2,058
2,615

790
1,327

2,608

2,905

8,637

8,388

7,999

5,250

8,747

8,490

8,131

c

Recovered 550 ft of
water-cut mud and
7,200 ft of salt
water.

Recovered 630 ft of
mud, 380 ft of
muddy salt water,
and 6,640 ft of
salt water.

Recovered 7,360 ft
of salt water.

Evaporite section.

Salt water at 2,003
ft. Fault at 2,025
ft.

Well flowed brine
from salt Hection
while cleaning out
hole. During 31-day
test well produced
1.59 million gal­
lons of brine, with
oil and gas.



Table 11.--Records of selected petroleum-test wells and other test holes--Continued

Selected geologic data Interval tested Other
Year Alti- Depth Aquifer Depth Depth to Depth Depth to data Remarks

Location Name con- tude drilled code to top bottom to top bottom avail-
structed (ft) (ft) (ft) (ft) (ft) (ft) able

(D-22-16)2bbd-l Amerada No. 2 1949 4,067 5,896 220NVJO 1,475 C
State 231WNGT 1,960 2,405

231CHNL 2,405
230MNKP 2,880 Fault zone 2,640 to
310CCNN 2,880 3,110 3,180 ft.
310CTLR 3,110 3,199
310RICO 3,195
324HRMS 3,195 3,750 3,405 Recovered 2,355 ft

of mud, muddy water
and water.

324PRDX 3,750 5,792 5,896 Well flowed brine
while drilling;
produced 30 to 150
gal/min.

14bac-l Feq;~uson No. 1 1971 4,408 6,765 220NVJO 1,218 1,610
Ruby 231WNGT 1 ,727 2,155

310CCNN 3,100
324HRMS 4,445 4,765 4,847 Recovered 1,087 ft

of slightly gas-cut
salt water and mud.

25bbc-1 Mountain Fuel 1973 4,120 9,508 221ENRD 505 665 C Numerous packer
Supply No. 1 220NVJO 820 1,275 tests made.
Skyline 231WNGT 1,412 1,600

310CCNN 2,550 2,848 2,585 2,605
310CTLR 2,848 3,130
319ELPC 3,130 3,442 3,480
324HRMS 3,963 9,120 4,175 4,232
330MSSP 9,157 9,225 9,280 Recovered 8,600 ft

of salt water.

(0-22-17)32aaa-1 Pacific Western 1949 4,470 5,046 221ENRD 19 360
No. 1 Sharp 220NVJO 485 700

231WNGT 905 1,385
310CCNN 2,323 2,725
310CTLR 2,725 2,843
310RICO 2,843 2,928
.324PRDX 4,761

34bda-l Superior 1958 4,.320 10,293 231WNGT 1,720 C
No. 22-34 310CCNN 2,690
Federal 330MSSP 10,020 10,053 10,173 Recovered 500 ft of

muddy water and
2,670 ft of salt
water.

(0-2.3-7) 16bbd-l U.S. Dept. of 1979 5,8.39 .3,700 221 BRSB 0 60 Formation tops
EnerllY No. 221SLWS 60 210 estimated from geo-
SR-128 221SMVL 210 605 physical logs.

221CRTS 605 670
221ENRD 670 1,430
221CRML 1,430 2,092
220NVJO 2,092 2,850
231WNGT 2,964 3,340

(D-23-8)32bba-1 U.S. Dept. of 1979 5,821 2,014 221CRML 0 420 Hole left for
Energy No. 220NVJO 420 1,234 earth-temperature
SR-111 231KYNT 1,234 1,338 gra(iient measure-

231WNGT 1,338 1,680 ments by University
231CCRK 1,680 1,858 of Utah. Water
231MBCK 1,858 1,880 level reported at
2.30MNKP 2,014 344 ft helow land

surface.

(0-23-9)2ccb-l Snow No. 1966 7,030 690 231WNGT 0 112 C Water test hole
State 231CHNL 112 264 near Interstate

230MNKP 26/, 468 Hillhway 70 .
.310KIBB 468 560
.310CCNN 560

17chd-1 Amerada No. 1 1962 7,046 .3,665 220NVJO 0 587
Federal 231WNGT 914 1,219

2.31CHNL 1,219 1,48.3 1,248 Produced 4 to 6
lIal/min of water •

.310KIBB 2,299 2,.322
310CCNN 2,322 3,004
319ELPC

(D-23-10)24dcc-1 Pan American 1958 6,840 2,000 310KIBB 265 320
No. 1 Anderson 310CCNN 320 1 ,090

324HRMS 1,090
330MSSP 1,600

28<1bb-1 Amer"ida No. 1-354 1961 6,817 3,144 3]I)MSSP 2,197 C Urilletl with air.
Fed(·ral 2,265
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Table 11 .~ ~Records of selected petroleum-test w<'lls and other test ho l(~s - -Con t i nued

Selected geologic data Interval tested Otlwr
Year Alti- Depth Aquifer lJepth Depth Lo Depth Depth to data Remarks

Locat ion Name con- tude dri lled code to top bottom to top bottom avail-
structed (ft) (ft) (ft) (ft) (ft) (ft) able

(D-23-Il)22ccc-1W Standard Oil of 1936 6,710 2,285 310K1BB lJ See composite sam-
California No. 1 330MSSP ple log for this
Federal and well in sec. 28

in Baker, 1946.
Company converted
well to 'W'atl'r-
supply well ;j fter
massive loss of
dri II ing fluid
c.ircuL-ltf.on. Sel'
tablt· Y.

27bbd-1 Standard Oil of 1937 6,690 4,900 310CCNN 0 S (~t' pr~('editlg noLt'
Callfornia No. 2 400PCMB 4,885 for wei L 22ccc-1\1.
Pederal

34cab-l Carter Oil No. 1922 6,605 3,035 Sec log in t;Llluly
Federal (ln9, p. 129) .

(lJ-23-13)7dcc-l Kerr-~1cGee No. 1957 6,520 2,218 310CCNN 0
Texas Pacific 320PSLV 765 Water ::it about 900

ft. rault zone ,It

l,UOO ft.
330MSSP 1,012 1,680 1,073 1,103 No water found.

1,308 1,461 lJo.

(D-23-14)9ddb-l Cabot No. 1-9 1978 4,224 5,446 310WTRM 2,930 3,550 Produced w<lter from
Federal two zones perfora-

ted in Moenkopi
Pormation.

j laaa-l Forest No. 1963 4,371 7,250 310CCNN 3,195
Federal 324PRDX 5,522 6,584 5,534 5,624 Recovered 315 ft of

mud and 5, D3 ft of
hlack II su lfur"
water contaitiing
20,000 ppm of
ch loride,

330MSSP 6,922

19ddb-l Monsanto No. 1 1958 4,378 6,060 220NVJO 1,018
Federal

25bca-l O.S; Geological 1980 4,160 700 111ALVM 0 20 C,J See table 9.
Survey test hole 221ENRO 20 280
NSR T-6A 221CRML 280 460

220NVJO 460 450 700 Flowed through
packer and drill
stem.

36bdd-1 U.S. Geological 1980 4,120 215 221ENRD 0 40 C Flowed at 110 ft.
Survey test hole 221CRML 40 Appeared to contain
NSR T-6 more gas than air

used for dri lling.
Lost circulation of
clear water at 205
ft. Lost circula-
tion at 50 ft in
hole 30 ft south of
first hole.

(D-23-15)21bab-1 Shell No. 1959 4,679 7;702 220NVJO 1,190 1,640 C Well drilled with
Federal salt mud.

330MSSP 7,452 7,500 7,702 Recovered 3,240 ft
of saltwater.

(D-23-16)3bca-l Mobil No. 12-3 1961 4,038 9,450 220NVJO 1;280 C
Skyline 330MSSP 8,355 9,042 8,530 8,715 Recovered 1,150 ft

of mud-cut salt
water and 2,000 ft
of salt water~

15dca-1 Mobil No. 34-15 1961 4,050 8,440 220NVJO 539 948 C Slight flow at 800
Hancock ft.

310WTRM 2,540 2,860 2;530 2,570 Producing 3.3
gal/min.

319ELPC 3,113 3,115 Producing 150
gal/min.

3,240 Producing 146
gal/min.

330MSSP 8,028 8,210 8,440 Recovered 651 ft of
mud ahd 6,929 ft of
salt water.
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Table 11.--Records of selected petroleum-test wells and other t.est holes--Continued

Selected geologIc data Interval tested Other
Year Alti- Depth Aquifer Depth Depth to Depth Depth to data Remarks

Location Name con- tude drilled code to top bottom to top bottom avail-
structed (ft) (ft) (ft)· (ft) (ft) (ft) able

(D-23-17)9cac-l Reserve No. 1 1976 4,443 9,069 221ENRD 653
Colorado Fuel 220NVJO 802
and Iron 231WNGT 1 ,331 1,685

310CCNN 2,705 3,056
310CTLR 3,056
330MSSP 8,846

15cba-l Pan American 1961 4,280 9,523 220NVJO 462 C Producing oil well.
No. 1 Federal 231WNGT 890 1,408 Initially produced

310CCNN 2,423 2,570 9 biirrels (] 78 gal-
310CTLR 2,570 2,965 Ions) of water with

the oil.
]30MSSl' 8,422 8,988 8,678 8,768 Recovered gas, oil,

mud, and 610 ft of
salt water.

3/11 OURY 8,988 9,100
341 ELBR 9,100 9,493
371 LYNC 9,493

17ada-1 Texaco No. 1962 4,340 8,876 220NVJO 592 C Producing oil well.
Federal 231WNGT 1,568

310CCNN 2,550
330MSSP 8,458 8,732 8,738 Zone initially pro-

duced only oil.
Water obtained
later.

17dbc-l Texaco No. 2 1963 4,280 8,764 220NVJO 540 C Producing oil well.
Federal 231WNGT 1,524 Initially produced

310CCNN 2,473 15 gal/min of water
330MSSP 8,445 8,709 8,716 with the oil. Fault

in the Hermosa For-
mation at 6,050 ft.

20aaa-l Rosenblatt 1964 4,361 2,402 221 CRTS 0 85
No. t Marich 221ENRO 85 445

220NVJO 540 765
231WNGT 1,000 1,540

(0-24-9)14dda-l Amerada No. 1 1961 6,670 3,253 110PTOD 0 30
Ell iot 230MNKP 30 200

310KIBB 200 244
310CCNN 244 938
3410URY 938 1,166 Mississippian rocks

are missing.
341ELBR 1,166 1,690
371 LYNC 1,690 2,447
374BWMN 2,447
374HRMN 2,816
3740PHR 2,816 3,071
374TNTC 3,071

(D-24-10)28cad-l Blackwood & 1954 6,732 4,182 230MNKP 0 180
Nichols No. 1-28 310KIBB 180 240
General Hydrocarbons 310CCNN 240

324HRMS 1,104
330MSSP 1,557
341ELBR 2,299
371LYNC 2,984 3,529
374BWMN 3,529
374HRMN 4,070
3740PHR 4,070

(D-24-13)2ccd-l Iron Wash No. 1 1952 4,760 2,381 220NVJO 333 860
State

3dbb-1 Securi ty No. 1970 /,,510 3,800 220NVJO 88 500 300 500 Water reported.
Federal

l1adb-1W Texas Gas 1974 4,740 4,224 221ENRO 0 218 Plugged back and
Exploration No. 1 220NVJO 486 922 left for use as
Federal 231 KYNT 922 1,232 water well. For-

mation tops cor-
rected from gamma-
ray log.

2Jccle-l Columhia Gas 1979 1',760 2,275 2iONV.JO 21/+
No. 1-23 P,'ILldox 2J 1WNGT 1,306

2J7SNKI> 2,1>66 See tdbte 4 for
pennp;lhiiity.

j 1OK II\B :!.23'J !Jo.
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fahle 11 .--Records of selected petroleum-test wells dod oth,,~r tL'~t holes--Continued

Location Nallle
YPilr

('011­

~~1 I'll<' I I'd

All i - Ill'pi h
llltlt, dr II It'd
(II) (II)

s(~ lee t I'(l ~~.b~?l1i~~:_._~I'~L~~
I\qlll fl'r th'pt h l>t'plll I ()

codt' t () I np hoI 10111

(II) (II)

IIlLt·rval l(lHll'd
~n;·;i~TTt--lJ0ilill-·To

10 lop Illll 10\11
(II) (II)

DUll'r
dill,l

:IV;I i 1­
;Ihll'

(1l-:1I.-1 'l):JZhhd-IW II"i"" N".
State

1%1 1,,844 2, ]',', 22UNV"O
231WN(;'['
310GGNN

71,

871
2,Z65

IIJ',
1,22',

I'lllgp,ed back.
t1Tllll>rforalpd. ;1THI
left for u~e as
wiltl~r well. For­
mati{)Tl tOpR cor­
rected frorn l4amnlil­
ray LOR.

36rlha-l State of Utah 1979? 4,66(J 1,184 221CRML
220NVJO
231WNGT

o
155
840

155
570

1,165

G Left for water wt'LL
by explnration com­
pany. formation
tops froln gamma-ray
lop,. See table 9.

(D-24-14)10aac-l Union Texas No. 1972
All ied Chemical

21dab-l Carter No.1 1958
Monsanto Chemical

4,308 7,284

4,321 7,655

220NVJO

220NVJO

280

220

General Petroleum 1951
No. 45-5-G Federal

(D-24-15)5caa-l

6caa-l English No.
Moore

(D-24-16)10dda-l U.S. Bureau of
Land Management

4,260 7,161

1954 4,110 2,370

1976? 4,235 1,245

220NVJO

220NVJO
231WNGT

221CRML
220NVJO
231WNGT

360

230
950

o
8

693

880

740
1,320

8
495

1,056

G

J

Fresh water report­
ed to be in Navajo
and Wingate. Water
in Coconino report­
ed salty.

Left as a flowinp,
water well.

Probable uranium
core-test hole left
for use as a water
well. formation
tops from gamma-ray
lop,.

15acd-l Pledger No.
U-TEX

19bda-l Shell No.1
Federal

1965

1958

4,272 5,370

4,758 8,677

220NVJO

220NVJO 488

440

22cbd-l U.S. Bureau of
Land Management

1976? 4,450 1,083

(D-25-8)32cad-l U.S. Dept. of
Energy SR-112

1979 6,300 1,974

221CRML
220NVJO
231WNGT

221CRML
220NVJO
231WNGT
231CCRK
231MBCK

o
16

464

o
178

1,308
1,574
1,784

16
464

1,042

178
1,144
1,574
1,784
1,817

J Probable uranium
core-test hole left
for use as a water
well. Formation
tops from gamma-ray
log.

Hole left for
earth-temperature
gradient measure­
ments by University
of Utah. Water lev­
el reported 902 ft
below land surface.

(D-25-11)33dbd-l U.S. Bureau of
Land Mana~ement

(D-25-12)ldcc-l Union No. 019-1
Federal

24bbb-l Pan American
No. 1 American
Petrofina

34ccc-l Delhi No.
Russell

(D-25-13)11bbb-l Union No.1
(998-A) Federal

1975

1967

1959

1953

1967

4,900 2,090

4,880 2,355

5,025 5,929

5,157 6,008

4,743 5,175

221ENRD
221CRML
220NVJO

220NVJO

220NVJO

220NVJO

220NVJO

o
40

370

177

319

694

85

40
370

797

926

1,145

563

380 400

G Drilled by mineral
exploration com­
pany. Formation
tops from partial
geophysical lOR.
Sampled during
drilling with air.

12bac-l Columbia Gas
No. 1-12
Paradox

1979 4,759 4,926 220NVJO 101
231WNGT
237SNBD 1,910

330MSSP 3,706

96

1,188
See table 4 for
permeabiLity data.
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Ta\>le 11 .--Reeords of selected petroleum-test wells and other test holes--Continued

Locat ion Name
Year
con­

structed

Alti- Depth
tude dd lled
(ft) (Et)

Selected geologic data
Aquifer Depth Depth to

code to top bottom
(Et) (ft)

Interval tested
Depth Depth to

to top bottom
(ft) (ft)

Other
data

avail­
able

Remarks

(0-25-14)21bdb-l Reynolds & Carver 1969
No. 1 Federa 1

4,750 5,144 220NVJO 90

26dba-l U.S. Bureau of
Land Management

19761 4,910 1,293 221ENRD
221CRML
220NVJO
231WNGT

°42
190
847

42
190
736

1,284

Probable uranium
core-test hole left
for use as a water
well. Formation
tops from gamma-ray
101\.

(0-25-15)15abd-l Superior No.
31-15 Socony
Mobil

22aca-l Conoco No. 2
Lloyd

32cad-l Standard Oil of
California No.
State

(0-25-16)10bac-l Shell No.2
Federal

29cdb-l Standard Oi 1 of
California No.
Harrington

1963

1958

1956

1959

1957

4,960 6,470

4,840 6,396

5,075 5,843

4,738 7,393

4,853 6,701

220NVJO

220NVJO

220NVJO

220NVJO

220NVJO

353

320

250

40

117

764

840

810

484

610

R(0-25-17)20daa-l Superior
No. 43-20
Federal

1961 4,611 7,225 231WNGT
310WTRM 1,36 /,

330MSSP 6,050

410

6,604

1,365

6,361

1,515

6,386

C
Salty water
reported.
Recovered 50 ft of
mud, 450 ft of
muddy water, and
5,130 ft of salt
water.

(0-26-6)11aad-l

(0-26-7) 7cad-l

Energetics No.
41 X-l1 Federal

Colorado
Energet ies No.
23X-7 Reserve

1973

1973

5,861 3,405

6,017 3,230

220NVJO

220NVJO

425

214

1,475 Orilled with alr.
Water reported in
Navajo.

17bca-1W Mountain Fuel
Supply No. 1
Senior

1947 6,125 3,485 220NVJO 204 1,270 1,040 1,128 Plugged back and
left for use as a
fresh water well.
Produced about 5
gal/min.

17bdb-l

17c\>a-l

17cda-l

18aa\>-1

191>1><1-1

20<l,dJ-l

Mountain Fuel
Supply No. l-A
Senior

Ramsey No. I-X
Senior

Byrd-Frost
No. l-X Enl\lish

Coleman No. I-A
F.nl\lish

S\>ell No. I
English et ;11

Shumway Uranium
Mining No. 1
Parker

1948

1934

1953

1953

1960

1957

6,124 8,518

6,122 3,168

6,118 2,753

6,084 2,875

5,955 6,704

5,200 2,620

220NVJO

220NVJO

220NVJO

220NVJO

220NVJO

220NVJO

204

215

220

230

390

38

1,250

1,195

1,309

1,38 /,

1,050

852
860
946

855
870
968

Water level report­
ed at about 740 ft
below land surface
when well was 1,745
ft deep.

Bailed 1.4 ~al/min.

Bailed 3.5 ~al/min.

Volume of wa.ter
increased.

(1J-26-11 )9I>b\>-1 StHte of Ut:ih 1980 5,070 855 221CKTS
221 r;NKIl
221 CI{ML
220NV.!O

o
30

492
818

30
492
818

802 855

G,J Water test well
Goblin Valley
SUIte keservt'.
See Lahl.e fJ.

(1)-:'!J-lJ) 17<:<1\>-1 l.aK"" No.1
Kl! r r -McGee

196',0 5,262 5,780 220NV,)O 1,150



Ta.hle 11 .--Records of selected petroleum-test wells (lnd other test holes--Continued

---~---_._~------------

Location Name
YeRr
con­

structed

ALti- Depth
tude drilled
(ft) (ft)

Selected geologic data
AqUlfer Depth Depth to

code to top bottom
(ft) (ft)

lntt-'rval tested
Depth Depth to

to top hot tom
(ft) (ft)

Other
data

avail­
able

Remarks

(D-26-11)25cbd-2D Pa.n American 1962 5,402 6,380 220NVJO 540
No. 9 Humble

35aca-l Pan American 1963 5,652 6,040 220NVJO 740
No. 10 Humble

(D-26-14)7bbc-l Odessa No. 1959 5,155 5,750 220NVJO 490
Shannon

30cdb-l Humble No. 1961 5,330 6,007 220NVJO 557
Federal

(D-26-16)31ccd-l Hunt No. 1972 5,210 5,000 220NVJO
Federal

1,000

1,238

630

98



Table 12.--8elected lithologic logs of veIls and test boles

(Abbreviations: ft3fd, cubic feet per daYi °C, degrees Celsius; ~t, feet; §al/hr, gallons per houri gal/m~n~
gallons per minute; in., inches; umhos, micromhos per second at 2~, C; lbs/in • pounds per square inch, lbs/J.n J

Location: See text for description of well- and spring-numbering system.
Altitudes: Given for land surface at well or test hole, in feet above National Geodetic Vertical Datum of 1929.
Thickness: Given in feet.
Depth: Given to base of unit, in feet below land surface.
For sample logs by J. W. !Iood, U.S. Geological Survey: Samples were collected at 10-foot intervals. Descriptions are not adjusted for sample-return lag.

Tops of formations, as given in table 11, were picked mainlY from geophysical logs and do not alwaYB match cutting descriptions. (See discuBsion in
text.) Remarks regarding drilling conditions, water levels, and chemical quality were taken from records of observations while drilling of the holes.

Material Tbickness Deptb Material Thickoess Deptb Material Thickness Deptb

----------------------
(D-15-11J12eda-l. Leg by

Carbon Dioxide and Chemical
Co. Altitude 5,735.

Shale, gray .•.•..•••..••••..
Limestone, thin layers, and

hard rock ••••.•...••••••••
Limestone, hard •.....•..•...
Sand, hard, red ...•...•.•...
Shale, yellow .••..••.••..•..
Rock, sandy, red .•.•.•.•.•..
Rock, red, with gray shale •.
Shal e, gray •••••.••.•.•••••.
Sand, gray .••••.•.•..•••.•..
Shal e, gray .•••.•..•••••••••
Rock, red ..•...••••..•..•.••
Shale, hard, gray ••..••••••.
Rock, red .••.•..•.•..•••..•.
Shale, gray •••••.•.••••••.•.
Limestone, whi te ••••••••••••
Limestone, hard, white •••••.
Limestone, whi te ..••••••••..
Shale, sandy, gray •••.••.•••
Shale, gray, and thin,

hard limestone •••••.•.•.•.
Shale, brown, and thin,

hard layers ••.•.•..••••..•
Shale, sandy, gray, and

thin, hard layers .•••••.••
Limestone, hard •.•••••..•..•
Shale, gray, and thin,

hard layers .•....•••••.•.•
Sand •...•.•••••.•.•.•••••••.
Shale, gray ..•.•••.•.•..••••
Rock, red ••..•.•.•...••••...
Sand, hard, red, and thin,

hard layers •..••••••.•..••
Shale, sandy •.......••••••.•
Sand, hard, sharp ...•••••••.
Shale, brown .....••••.•.•.••
Rock, red ••••••••••.••••••..
Shale, brown •.•..••••.••••••
Rock, hard, red •••••••....•.
Shale, sandy, hard, red .••••
Rock, red; caving ••••••••••.
Shale, brown ...••••••..•••••
Rock, red .••••.•...•.•••••.•
Shale, brown •••.••.••••.•.•.
Shale, gray ••.•••••••.•••••.
Limestone, hard, gray •.•••••
Sand, hard; show of wa ter •.•
Limestone, hard, bl ue ••••••.
Lime.::ltone wi th thin layers

of .::Iandj hole filled with
200 ft of water from 1,165-
1,170 ft ••..•.••••••..•••.

sand; water to within ~OO

ft of surface .••••..••••••
Limestone, hard, bluej

caving ..•.•••••••.••••••.•
Shal e, gray ••••.••••••••••••
Sand, fioo, hard ••••••••••••
Shale, gray; caving •••••••••
Limestone, thin, hard •••••.•
Rock, hard, red ••••••••••••.
Rock, thin, hard .•••••••••..
Shale, red •••••••••••••••••.
Rock, thi n, hard •••••••••..•
Shale, red •..•..•.••••••••••
Rock, thin, hard .•••••••••.•
Rock, red ••.•.••••••••••••••
Sand •..••••••.•.•••••....•.•
Rock, hard, red •••.•••••••.•
Rock, red, and thin, hard

layers .•.•.•••.•.•••..•.•.
Rock, red •.....••...•...•...
Shale, brown •••••••.•.•.•••.
Rock, red ..•..••.••••.•.•..•
sand, reddi sh; wa ter ••••••..
Rock, sandy, thin, hard
Sand; water' rose to 1,426

ft ..•.•...•..••••.•••.••••
Limestone, thin, hard, with

lJrown ~hale •..•.•.••..•...
Limestone ..••.•.•.••••..••..
Limc:ltone; bailing water'

from tlole •••.....•.•••.•..
Rock, red; bailing water

from hole ....••.•.•••••.••
Limestone, red; bailing

water from hole •.•.•.•.••.

'2
88
12
28

5
10
40

5
10
'5
45
15
5

20
80
30
30
80

90

30

50
10

40
10
'0
'0

25
10
20
35
15
15
30
30
25
30
30
30
20
15
10
35

15

17
18

5
37
10
18
4
7
5
9
5
8
7
7

23
22
7

'2
6
'i

'2
100
112
140
'45
155
195
200
210
225
270
285
290
310
390
420
450
530

620

650

700
710

750
760
770
780

805
815
835
8"10
885
900
930
960
985

1,015
1,045
, ,075
, ,095
1,110
1,120
1,155

1,170

1,175

1,192
1,210
1,215
1,252
1,262
1,280
, ,28ll
1,291
1,296
1,305
1,310
1,318
1,325
1,332

1,355
1,377
1.384
, ,396
1,!I02
1.407

1,457
1.460

, .461

1.465

1,470

(D-15-11) 12cda-l .--Continued
Limestone, thin, hard;

bailing water from hole .••
Rock, hard, red .•..•.•.•.••.
Shale, sandy, brown .••••.•..
Rock, sandy, red; show of

water from 1,500-1,505
ft •.•••.••.•.•.•.•.•.•••••

Shale. sandy, brown, thin
hard layers; water at 70
ft above former level ...••

Rock. hard, red ..•.••.•••...
Shale, brown, with thin

gypsum layers ••••••..•.•.•
Sand, hard ••.•••.•...•••.••.
Shale, sandy, red, thin,

hard layers .•.•.•.•.••.•.•
Rock, red .•.••••••...•..••••
Limestone •.•••••••••••••..••
Limestone, sandy •••••••••.•.
Shale, sandy, hard ••••••••••
LimeBtone .•••••••••••••••••.
Limestone, brown •.••••••••••
Limestone, red •••••.••••••••
Limestone, sandy, hard ••.•.•
Limestone, hard •.••..••••••.
Limestone, sandy, hard •••••.
Sandstone and limestone ••••.
Limestone, sandy, hard ..••••
Limestone ..•.•.•••.•.•.••.•.
Limestone, sandy, hard, red
Limestone, sandy, hard ••••.•
Shale, red, thin, hard

layers •••••••..•••••••.••
Limestone. hard, red .•.•.•••
Limestone, red, thin, hard

layers .••••••••••••.•.••••
Limestone, hard, red ••.•••••
Limestone, red, thin, hard

layerB •••••••••.•••••..•.•
Limestone, red .•••••••••••••
Limestone, hard, red ••.••.••
Rock, thin, hard; light

show of heavy oil •••••••••
Shal e, sandy, red •••••.•••••
Limestone, red •••••••••••.••
Shale, brown, thin, hard

layers; caving •••.•••••••.
Shale and thin, hard

layers; caving .••••••••.••
Shale, brown, thin, hard

layers; caving ••••••••••••
Shale, brown; caving ..•••••.
Shale, brown, and thin,

hard layers; caving •••••••
Limestone, thin, hard •••••••
Limestone, brown ••••••••••••
Limestone, gray •••.•••••••••
Limestone, brown ••••••••••••
Shale, red, and thin, hard

layers .•••••.•••••.••••••.
Shale, brownj bailed water
Limestone, thin, hard, and

shale;, bailed water to
1,950 ft .

Limeatone, gray, shale and
thin, hard layers .••••••••

Limeatone, blue, hard ••••••.
Sand, gray ••••••••••••••.•••
Sand, hard, sharp, gray •••••
Sand, gray .•••••.•••.••••.••
Sand, hard, gray •••••••••.•.
Sand, sharp, gr1.y •.....•.•••
Sand, hard, green •..••.•.•..
Sand, har d, shar p, gray ...•.
Shale, gray, and thin,

hard layers .....•.•.•..•••
Shale, gray and red

banded •...••...•...•...•..
Rock, red ..•.•.••.•.•.••.•..
Limestone, hard, brown ....••
Limestone, red and gray •••••
l.imestone, thi n, hard ••.•.•.
Rock, hard, red .•.•••.••.•.•
Sand, hard, red .•.•.•••••••.
Sand, hard, brown •••..•.•.•.
Sand, hard. red ..•••••.•.•••
Sand, very fine, hard,

brown ...•.•.....••..•.••••
Sand, red ••..•...•...•...•..

99

3
9

15

10
6

'0
9

10
10

10

'0
10

2

3
5

10

10

10

10
17

28
5
5

15
5

10
15

10

15
15
10
20
20
15
50
10
25

15

7
8

15
15
'0
'0
30
10
10

'0
20

1.473
, ,482
1.497

1,505

1,515
1,521

1,531
1,540

1,550
1,570
1,580
1,590
1,602
1,626
1,638
, ,650
1,662
1,674
1,686
1,698
1,710
1,720
1,730
1,740

1,750
1.760

, ,770
1,775

1,785
1,795
1,797

1,800
',805
1,815

1,825

1,835

1,845
'.862

1,890
1,895
1,900
1,915
1,920

1,930
1,945

1,955

1,970
',985
',995
2,015
2,035
2,050
2,100
2,110
2,135

2,150

2,157
2,165
2,180
2,195
2,205
2,215
2,245
2,255
2,265

2,275
2,295

(D-15-11) 12eda-l .--Continued
Sand, yellow ..•.•..••.••••••
Rock, red •.••.•.•.••••••••••
Sand, red ••••••.•.•..•....••
Shale, dark red .•.•.••••••••
Shale, red, and thin, hard

layers .•.••••..•.•..•.••••
Shale, dark brown, and thin,

hard layers .•••.•....•.•..
Shale, red, and thin, hard

layers .••.••••••..••••••..
Shale, brown, and thin,

hard layers ••••••..••••••.
Shale, red, and thin, hard

layer5 .••••.•••.••••..•..•
Shale, sandy, dark, and

thin, hard layers .•.••••••
Shale, dark red, and thin,

hard layers •••••••••••••.•
Shale, sandy, dark brown ••••
Shale, dark red, and thin,

hard layers ••••••••.••••••
Shale, sandy, dark .•••••••••
Rock, red, and thin, hard

layers •••••••••••••..•••••
Rock, soft, red .•..••••••••.
Shale, gray ..•.•.••••••.••..
Limestone, hard, gray ••••••.
Shale, gray, and thin, hard

gypsum layers .•••••.•...•.
Shale, gray, and thin, hard

layers ••••••••.•••••••.•.•
Limestone, blue ••••..•.•••••
Shale, gray, and thin, hard

gypsum layers •.•.•.•••••••
Shale, gray •••••••.•.•••••••
Shale, blue •••.•••••••••..••
Shale, gray .•.••••••••..••••
Shale, gray and gypsum ••••.•
Shale, gray and brown ••.••••
Limestone, hard, thin,

gray ••••••••.•••••••.•••••
Limestone, hard •••..•••••••.
Limestone, gray •••••••••••••
Limestone, sandy, hard,

dark ••••••.•.••••••.•••••.
Limestone, hard ••••••••.••••
Limestone, hard, gray •••••••
Sand, red, sharp .•.•••••..••
Sand, very fine, hard, dark

gray; first show of carbon
dioxide at 3,093 ft ••.••••

Sand, hard, gray, and
limestone; slight increase
in gas ••••••••••••••••••••

Limestone, sandy, gray with
yell ow bands, some sand •••

sa~~~ ~~~o~e;~~~d~tshut-ln
pressure to 750 Ibs/in2

(D-15-11J12dbc-1. Leg by
Utah Oil Refining Co.
Al ti tude 5,765.

Shale, ted ••••••••.••••••••.
Sand, coarse ••••••••••..•.••
Sand, coarse, mixed •••••••••
Sand, gray, sharp •••.•..••••
Shale, soft, gray .•.••••..•.
Sand and shale, mixed •.••••.
Shale, hard, gray .••••••....
Shale, red .•.•••••.••••••••.
Rock, thin, hard ••.••••.•..•
Shale, sandy, red •.•.••••••.
Shale, red, and thin, hard

layers ••.•••..••••••.•••••
Shale, gray .........•.......
Shale, sandy, gray ....•...•.
Sand, hard, gray ••••••.•..••
Sand, hard, and thin, hard

layers .....•..•.•.•...••..
Shale, dark, and thin, hard

layers .••.••.•.•..•.••••.•
Shale, gray and red, and

thin, hard layers ..••••.•.
Shale, hard, red .•.....•••.•
Shale, sandy, gray .•••..••••
Limestone, sandy, hard ..••..
Shale, sandy, hard, gray

and red •.•..•.............

'0
20
60
80

20

20

20

20

20

20

20
15

20
20

25
10
75
20

10

25
20

'5
25
10
25
15
10

30
25
20

20
27
15
4

'0

120
5
5

20
15
'5
6

14
3

42

20
85

105
10

35

110

40
20
40
15

75

2,305
2,325
2,385
2,1165

2,485

2,505

2,525

2,545

2,565

2,585

2,605
2,620

2,640
2,660

2,685
2,695
2,770
2,790

2,800

2,825
2,845

2,860
2,885
2,895
2,920
2,935
2, 9~5

2,975
3,000
3,020

3,040
3,067
3,082
3,086

3,096

3,103

3,108

3,114

'20
125
130
150
165
180
186
200
203
245

265
350
455
465

500

610

650
670
710
725

BOO



Table 12.--Selected litbologic loga of wells and test boles--Continued

Material Thickness Depth Material Thickness Depth Material Thickness Depth

(D-19-12)30bba-1.--Continued
Sil tstone, sandy, maroon,

and sandtltone, very fine
to medium-grained......... 10 510

Sand~1tone, maroon, very fine
to fine-brai,ned; cutting:]
slightly damp at f)?O ft ... 10 520

Sandstone, pale brown, and
many very small fraf1Dents
of maroon sil tstone •...••• 1° 530

Sandstone, pale orange­
brown, ver'y fine to
fine-grained; cuttings
damp when recovered ..••... 10 5lJO

Sand.stone, pale maroon, very
fine to fine-grained and
maroon s11 tstone; cuttings
dampi few drops of water
ejected with euttlngs at
54') rt ..•................. 10 550

Note: Thi s hoI e, drill ed with air, dry
through the enUre Navajo section. The air blew
away a substantial amount of fines as dust.
This megascopic examination indicates a
monotonous 11 thology al tered mainly by color
changes. Little was seen in the way of radical
grain-size changes or secondary minerals such as
iron, quartz, calcite, and gypsum.
Consequently, . the cuttings were considered an
ideal set to test the indefinite conclusion that
the NavajO Sandstone has a consistent grain­
size change with depth in the formation.
Samples were selected at seemi"ng li thologic
changes to represent the entire suite of
samples; 1lJ samples were split and sieving. See
table 3 for results of sieve analysis.

(D-15-11 ) 12dbc-1 .--Cont i nued
Shale, sandy, red ....•......
Shale, red, and thin,

hard layers ........•......
Sand ..••..•••••••..•.•••••..
Sand, hard; fresh water, 1

barrel (42 gal/hr) .
Sand ..................••.•..
Sand, hard ..•...............
Sand, fine, hard .
Sand, coarse .......•...•..•.
Shale, sandy, red •....•.•...
Rock, thin, hard .
Sand, hard, red ......•......
Sand, fine, hard, red .
Sand, hard, red; brackish

water lJoo ft below drilling
floor ......•..•••••••••••.

Shale, sandy, hard, brown ...
Shal e, sandy, red and brow n
Sand, red, and thin, hard

layers ......•..••••.......
Limestone, sandy, red .•.••••
Shale, hard, and f!S psum .
Sand, hard, red .
Limestone, sandY, hard .
Shal e, sandy, har d .••••••..•
Sand, hard, red •••••••••••..
Shale, sandy, hard ..•.•...••
Sand, soft ••••.•••••••••.•••
Sand, hard, red ......•..••••
Limestone, sandy, hard •••.•.
Sand, hard, red ......•..•...
Limestone, sandy, hard •••.•.
Limestone, hard, red ......•.
Limestone, sandy, red •.•....
Sand, hard, red .
Shale, sandy, hard .•••..•.•.
Sand, red, and limestone ••••
Limestone, hard, pink ..•..••
Limestone, crystalline,

pink •••••••..••..••.••.•..
Shale, limy, red .
Rock, thin, hard, red ••••••.
Shale, red, and flint ....•..
Rock, thin, hard .
Shale, sandy, white ..
Conglomerate; show of oil .•.
Sand, shaly, hard •••••••••••
Rock, shaly, thin, hard •••••
Shale, and thin, hard

layers ••.••••••••••..•....
Shale, hard, and thin, hard
layers .•••••••..•.•••.••••.•
Shale, red ••.••.•••••••..••.
Shale, pink, and thin, hard

layers •••••••••••••.•..••.
Shale, red, and thin, hard

layers •.•.•.•.•••......•..
Sand, hard, and shale •.••••.
Shale, red, and thin, hard

layers .•......•.•••••••••.
Shale, sandy, hard
Shale, red, and thin, hard

layers .•..•.....••••••••••
Shale, hard, red, and thin,

hard layers .••.•..•.•.•••.
Shale, red ••••••••••••••••..
Shale, sandy, red .••••••••••
Shale, sandy, red and green
Shale, sandy, gray ••••••••••
Sand, gray •••••••••••.••••..
Limestone, sandy, hard,

gray •.•.•....•.•.•••••.•••
Sand, gray ••••••••••••••••••
Sand, yellow •.•.•..••.•••••.
Sand, hard, gray and yellow
Sand, shaly, green ••••••••••
Rock, thin, hard, and shale
Sand, hard, red, and thin,

hard layers .......•..••...
Sand, reddish brown ...•••••.
Shale, sandy, red .••.•.•.••.
Shale, soft, red, and thin,

hard layers •••••••••••.•••
Shale, sandy, gray ••••••••.•
Shale, sandy, pinkish gray ..
Limestone, hard, gray .•.•...
Shale, sandy, gray ••••.•••••
Shale, hard, gray ...•.....•.
Gypsum, shaly, gray .••.•..••
Shale, hard, gray ••.•.••••••
Gy psum, shaly, hard, gray ...
Shale, gray and pink .•.•.•••
Sand, hard, red, and thin,

hard layers ....••.••••..••
Sand, hard, brown •••........
Sand, gray, and limestone •••
Sand, whi te .••••.•.•..•.....
Limestone, sandy, hard,

gray •.....•....•....•..•..
Sand, very hard, dark gray ..
Limestone, sandy, brown ••.••
Sand, hard, reddish •.•.•.•..

120
5

45
40
20
20
23
7
4

59
14

60
18
18

12
30
10
10

5
9
6

25
7
7
5
6
7
8

10
17

8
8

12

2
6
6
6
2
3

14
10

5

25

21
7

25
7

44

49
40
35
40
20
10

20
30
10
40
20
13

457
40
20

50
55
20
15
20
15
37
18
20
35

10
5
9
5

30
20

33
19

975

1.095
1.100

1.145
1,185
1.205
1,225
1,248
1.255
1,259
1.318
1,332

1,392
1,410
1,428

1,440
1,470
1,1180
1,490
1.495
1,50lJ
1,510
1,535
1,5lJ2
1.549
1,554
1.560
1.567
1.575
1.585
1,602
1.610
1.618
1.630

1,632
1.638
1,644
1,650
1,652
1.655
1.669
1.679
1.684

1.709

1.713
1,718

1,722

1.743
1.750

1.826

1.875
1.915
1.950
1,990
2,010
2,020

2,040
2.070
2,080
2,120
2,140
2,153

2.610
2,650
2.670

2,720
2.775
2,795
2,810
2.830
2.845
2,882
2.900
2,920
2.955

2.965
2.970
2.979
2.984

3,014
3,034
3.067
3.086

(0-15-11) 12dbc-1 •__ Continued
Sand, hard, r;ray and yellow

banded; ga~ encount,8red at
estimated 20,000,000 ft3 fdi
filled hol~~ with water to
control gas ••••••••••.•.••

Sand, hard, dark gray .
Sand bl ue i show of hea vy

black oil ...•..•....••..•.
Sand, hard, dark •...•.......
Sand, hard, light gray ...•..
Shale, blue, very sticky •.•.
Sand and shale, very hard

gray .......•.........•....
Sand, gray, and thin, hard

layers .
Sand, light fray .
Sand, white at total depth ..
Note: Hole abandoned due to

tools.

(D-17-11)21ccd-1. Log by
owner. Altitude 5,758.

Sand, dry .•.•......•...•.••.
Sandstone, soft ....•....••..
Shale, hard, blue .••.•••....
Conglomerate, hard .•.•••••.•
Clay, hard, whi te .••...•.•..
Sandstone, porous .•••••.•.•.
Gravel and coarse sand •••.••

(D-19-10)15bac-1. Log by
Conway Brothers. Al ti tUde
5.615.

Soil, brown ..........•.•••••
Sand, muddy red •.••••••..•..
Shale, red •••........•.•.•.•
Shale, red, sandy .••.•.•.••.
Shale, light to dark red .•..
Shale, red, medium to hard ..
Sandstone, light, hard ..••••
Sandstone, medium hard,

brown ........•......•.....
Shale, limy, alternating

medium to hard .•....••.•.•
Limestone, very hard, light
Shal e, limy, gray ••.••••.•..
Shale, blue-gray .•.•.•.•....
Shal e, brown •..•••••••••••••
Shale, limy, gr'ay ..
Shale, brown .•.•.•••••.••••.
Sandstone, soft, dark gray;

water •..•••.•.•••••••••••.
Sandstone, limy, light •..••.
Sandstone, light ..•...•...•.
Shal e, hard, light bl ue ...•.

(D-19-12)30bba-l. Sample lo~

by J. W. Hood. Altitude
6.182.

Limestone, gray, and pale
gray siltstone, with about
3 in. of soil on top ••..•.

S11 tstone, bright red, and
some limestone .•••.••..••.

Sl1 tstone, pale yellow ••••••
Sandstone, light brown and

tan, very fine to fine-
grained .••••••••••••••••••

Sandstone, pale ocheroUS
yellow, very fine to fine-
grained, well-sorted .

Sandstone, tan, very fine
to fine-grained, silty ••••

Sandstone, light brown to
light yellow-brown, very
fine to fine-grained ••••••

Sandstone, pale gray-tan,
very fine grained

Sandstone, pale brown, very
fine to fine-grained ..•.•.

Sandstone, light orange­
brown, very fine to fine-
grained ••.•••••••••••..••.

Sandstone, pale gray-tan,
very fine to fine-grained

Sandstone, pale yellow­
brown, very fine to
fine-grained ••••••••••••••

Sandstone, tan, very fine
to fine-grained .••••••••••

Sandstone, pale gray, very
fine to fine-grained •••••.

Sand.stone, tan, very fine
to fine-grained ..

Sandstone, pale brown, very
fine to fine-grained ...•.•

Sandstone, tan ...•...•....•.
Sandstone, pale brown, very

fine to fine-grained •..•..
Sandstone, tan, very fine

to fine-grained .•.••••....
Sandstone, pale tan-gray I

very fine to fine-grained

100

19 3.105
6 ),111

4 3,115
5 3,120

30 3,150
4 3.154

3.157

58 3.215
20 3,235

loss of drill ing

2 2

7 9
23 32

8 40
6 46

12 58
14 72

8 8
32 40
60 100

110 210
50 260
38 298
7 305

310

30 340
10 350
10 360
25 385
15 400
10 410
25 435

10 445
5 450

15 465
11 476

10 10

10 20
10 30

10 ijO

20 60

11 0 170

30 200

10 210

20 230

10 240

100 340

10 350

10 360

20 380

10 390

10 lJoo
10 410

30 4JI0

10 450

50 500

(D-19-H)21cbd-1. Sample log
by J. W. Hood. AUi tude
5, 190.

SoH, brown, bit-cut tan
sl1 tstone, and fine
gr'avel ...•....•.........•.

S.il tstone, red, bit-cut tan
511 tstone and fine
gravel ...•....••..••••••.•

Siltstone, gray, with thin
layers of red color •••••••

8il tstone, gray ...•.••••••••
Sandstone, tan, fine-grained,

very sil ty ...•••••••••••••
Siltstone, finely bit-cut,

grayish tan; cuttings
damp at 57 feet; small
amount of water at 59 ft;
changed frcxn air to foam

Limestone, gray, and
interbedded gray
sil tstone ..•..•....•..•.••

Limestone, dark gray ....••..
Limestone, red and light

gray, and red sil tstone •••
S11 tstone, red, and hard,

light brown, very fine
to medium-grained bit-cut
sandstone fragments

Sandstone, tan, and (cavings
of ?), gray limestone,
and red 511 tstone ••••.••••

Sandstone, light brown, very
fine to medium-grained, and
(cavings of" 7) limestone ..

Sandstone, light brown, very
fine to medium-grained, and
(cavings of 7) limestone;
sandstone more friable; test
hole definitely producing
water at 170 ft .

Sandstone, light orange­
brown, very fine to medium­
grained, friable, with
limestone fragments; amount
of water produced gradually
increased .•.....•....•....

Sandstone, light brown, very
fine to fine-grained, well­
sorted, friable, with
fragments of limestone and
red sil tstone •.••••.•.••••

Sandstone, pale brown, very
fine to fine-grained, well-
sorted ••••••.•..•.••••••••

Sandstone, tan, very fine
to fi ne-p;rai ned, with some
red ::.Ill btonc and limestone
cavings ....•..•....•.•.•..

Sandstone, tiln, very fine t.o
finc-grained, with some
red nil tstone and limestone
eavings wi th specks of
white precipitates .•••••..

10

10

10
10

10

10

30
20

10

10

10

20

20

10

10

20

20

10

10

20

30
40

50

60

90
110

120

130

1~O

'60

180

190

200

220

?40

250



Table 12.--Selected lithologic 10ga of wells and test bo1e.s--Continued

- ---------- -- - -- ---- ------ ----- ---- ------ - - --- ----- ----- ---- ---------------------------- -------- ---------- ---- ------- -- --------
Material Thickness Depth Material Tbickness Depth Material Thickness Depth

(0-19-13)21 cbd-1 .Continued
Sand.stone, tan, very fine

to fine-grained, with some
red sil stone and limestone
cavings, with specks of
whi te precipi tates and
wj th thin layer of well­
cemented VIWY fine
Eraincd 3andstone;
specific conductance of
water was 69J umhos ...•••• 10

Sandstone, tan, vary fine
to fine-grained, with some
red sil t5tone and limestone
fragment.s ...•.•••......••• 30

Sandstone, tan, very fine to
fine-grained, silty, with
white precipitates •.•••••. 10

Sand~tone. tan. very fine to
fine grained, silty, with
white precipitates, red
sil tstone, and thin layers
of well-celnented very fine
gr'ained sandstone; at 310
ft, discharf';e estimated

~:m~:r~~u~:l~~:~bC; pH 7.8;
specific conductance 960
wnhos; water level 97 ft
below land surface........ 10

(1l-20-10)6bdd-1. Sample log
by J. W. Hood. Altitude
5,260.

Clay, s11 ty, browniBh gray,
and fine to medium
gravel ••••.•.•••••••.••.•• 10

Gravel, fine to coarBe, bit­
cut, surficial material
caved and made the setting
of surface pipe difficul t;
water at 22-23 ftj drilled
with thick mud............ 10

S11 tstone, gray, clayey,
and gray limestone .•.•••.. 10

Limestone, gray, and some
gray, sandy ail tstone ••••• 60

Sil tatone, red, gray
limestone, and some light
gray sandstone ..•••••••••• 10

Siltstone, red, gray
limestone and some light
gray sandstone, generally
paler color than above,
with gypsum............... 10

LimeBtone, gray and some red
s11 tstone; drilling fluid
~ubsided to 8 ft overnight;
changed to air drilling;.. 10

Limestone and gray
s11 tstone ••••••.•••••••.•• 10

Limestone, gray ••.•.••.•.••• 10
Limestone, gray, red sil t-

stone, and some sandstone;
hole producing water;
temperature 16.70 C;
specific conductance 5,220
umhos •••••••••.••••••••••• 10

S11 tstone, red, limestone
and some sandstone •••••••• 10

Sandstone, brown, wi th
much red s11 tstone .••••••. 10

Sandstone, brown, with
small fragments of red
511 tstone ••••.•.•.•••••••• 10

Sandstone, brown, very fine
to fine-grained with a
few fra~ents of black
limcBtone ••.•.•••.••.••.•. 10

Sandstone, brown, very fine
to fine-grained, with a few
fra~ents of limestone and
red siltstone (cavings 7)
at approximately 200 ft;
specific conductance was
about li ,000 umhos 20

Sandstone, muddy, gray ish
brown, with fewer cavings;
water increasing and
near lY cl ear ••.•.••••••••• 30

Sandstone, pale orange-brown,
very fine to medium-
grai nod, with small
fragments of red 311 tstone j

watur level II.li ft below
land :llll'f,ICtl or ... bout. :'
1'1. ahovc r'ivcr levul .... ;>0

~;;Jnd:ll,(Jm" JI,r· ...yJ:;tI IH'(jwn,
vcr'Y rirte Lo l'ino-
!-:,r·a.1nud, wlUI very r.1nl~

rral1ncnt~ or r'ed :ii 1l::Lono;
o::.timated 30 gal/min from
holti with airliftj
:.;pec ifi c conductanc~

1,111'( umho.s at 16.90c ... 30

260

290

300

310

10

20

30

90

100

110

120

130
140

150

160

170

'80

190

210

240

(D-20-10)6bdd-1.--Continued
Sandstone, pale brown, very

fine to medium-grained,
with very fine fragments
of red s11 tstone 30 320

sandstone, gray-brown, very
fine to fino-grained;
changed to drilling with
clear river water .••••••. 10 330

Sandstone, pale gray ish tan,
very fine to fine-grained,
with specks of white
precipitates ...•••••••••• 10 340

Sandstone, pale brown, very
fine to fine-grained, with
specks of white
precipitate.s liD 380

Sandstone, very pale brown
to tan, very fine to fine-
grained •.•........•.•.•.. 40 li20

Sandstone, pale brown, very
fi ne to fi ne-grai ned,
with very fi ne fragments

of red sil tstone •.••...••. IW 460
sandstone, pale brown, very

fine to fine-grained, with
very fine fragments of red
511 tstone and many whi te
flakes of white
precipi tates--probably
gypsum or calcite........ 10 !l70

sample missing ••••••••••.•• 5 !l75
Note: After completion of hole, water flowed

:;tes~~~a~:~t~ 0 g~~~~a~~;~ni~~~oo~~ti;p~:~~;~
conductance 870 umhos.

(D-20-10)7dcb-l. Log summarized
from salOpl e descri ptions by
K. Reavens. Altitude 5,558.

No sample.................. 1liO 1!10
Shale, very calcareous,

variegated, and dense
limestone; no porosity or
permeability............. 30 170

Sandstone, slightly
calcareous, fine- to
medium-grai ned; subrounded,
moderately sorted, orange
to white, thin clay inter­
beds, and brick red shale;
fair to good porosity
and permea bil tty; no
sample from 260-290 ft .,. 100 350

s11 tstone, very Bandy, gray­
green, and slightly
calcareous, f1ne- to
medium-grai ned, subrounded,
moderately sorted, orange
to vh1 te; fair to good
porosity and permeability. 30 380

Sandstone, slightly
cal careous, fi ne- to
madim-grained, subrounded,
moderately to poorly
sorted, friable, orange
to whi te; fair to good
porosity and permeability. 120 500

SandBtone, Blightly
cal careous, f1 ne- to
medium-grained, subrounded,
moderately to poorly
sorted, friable, orange
to white; fair to good
porosi ty and permea bi! i ty :
and very shaly, slightly
calcareous, variegated
sandstone, very fine to
medium-grained, poorly
sorted; poor porosi ty
and permeability .•••••.•. 30 530

sandstone, fine-grained,
modar-,tely sorted, sub­
angUlar to ::Jubrounded,
white, Borne orange chalky
sand with anhydrite; fair
porosity and
permeability 60 590

Sandstone, fine-grained,
moderately sorted, sub­
an~ular to sUbrounded,
white; fair porosity and
permea bil i ty; wi th
reddish brown, very fine
f';raincd. var'y argU laccou.s
~landstone; poor poro3ity
and ~Jt"Jrme.. 1111 lly 120 710

Sllt~tone, reddl:.:h Lrown,
wit.h whito, finc-p;raJllcd,
moderalely BOI'led, $llb­
anp;ul ar to :;ubrounded
sandstone and inter­
bedded white, ~balky

dllhydrite 120 830

101

(D-20-10)1dcb-l.--Continued
Sand.stone, silty, reddish,

fine- to medium-grained,
subrounded, well-cemented,
with white anhydrite ..•.. 30

Sand.stone, silty, pale red,
fine- to medium-grained,
subrounded, well-cemented,
with Some pale gray ish
green clay and gray shale. 30

Sandstone, white to pale
yellow, medium- to fine­
grained, poorly sortedj
fair porosity and
permeability............. 90

Sandstone, fine- to medium­
grained, white to reddiSh,
shaly to sil ty, some
clay .••.•••..••.••..•..•. 30

Sandstone, fine- to nlcdium­
grained, white to pale
reddish, shaly to
slightly s11 ty, some
clay .•....•.•.•••••••••.• 120

Sandstone, pale pink to red,
fine-grained, subangular
to subrounded, some brick
red shale •••••••••••••••• 70

Sandstone, pale pink to red,
fine-grained, subangular
to subrounded, with white,
chal ky anhydrl te 50

Sandstone, fine-grained,
pale green, with green
interbedded clay, and white
to pale pink, fine-gra1ned,
sub angular to sub rounded
sandstone, green to grayish
green sand, and bri ck red
shale and 311 tstone •••••• 10

Shale, green to grayish
green and reddish brown
to brick red, red
sil tstone, some fine­
grained, pale green
sandstone................ 10

Shale, red to brick red,
s11 tstone, and some pale
green shale ••••••••••.••• 30

Shale and siltstone, red to
brick red ••••••.•••••••.• 30

Shale and siltBtone, red to
brick red, green to pale
green shale, and dense,
buff to gray dolomite •••. 20

Shale and Biltstone, red
to brick red ••••••••••..• 50

Shale and s11 tstone, red to
brick red, and white to
pale pink, well-cemented,
subangular to subrounded,
fine- to medium-grained
sandstone j no porosity or
permeability; some pale
grayish green shale Bnd
white anhydrite from
1,420-1,430 ft 30

Sandstone, fine to coarse,
whi te to gray, subrounded
hard, black dead hydro­
carbon residue on and
between some grains, and
red to brick red and pale
green shale and 511 tstone;

fair to poor poro3ity and

permeability •••.•••.•..•• 60
Sandstone, fine to coarse,

hard, whi te to gray t sub­
rounded, well-cemented,
Blightly calcareous,
infilled with anhydrite,
with red and greenish
gray shale •••.•..••••••.. 50

SandBtone, fine to coar5e,
slightly conglomeratic,
hard, white to gray, sub­
rounded, well-cemented,
slightly calcareous, in­
filled with anhydrite, and
gray to white, dense
limestone; no porosity or
permeability ••••.••••••.• 10

Shale, variel~ated, dense,
pyritic, white to gray
limestone, and fine to
COiJrse, sUy.htly coni;] 0101­

eru.tic, hard, whiLe lo gr'ay,
:JUbrounded, wc11-c(~IO~nted,

slightly cnlcareouE.
sandstone ••••••.••....•.• 10

Si1 tstone, browll, and
variegated shal e ••....... 10

860

890

980

1,130

1,200

1,250

1,260

1,270

1,300

1,330

1,350

1,liOO

1,430

1,490

1,5liO

1,550

1,1)60

1,1)70



Material Thickne85
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(D-20-10)7dcb-1.--Continued
:~il L:.Jtonc, e~reC/l to f'cddizt!

brown, variegated 3hale,
some bUff, dense, sandy
dolomite, some anhydrite;
no porosi ty or
permea bil i ty ...•.••.•...... 10

Dolomite, hard, dense, buff,
some anhydri te j green to
reddish brown sil tstone,
variegated shalej no
porosi ty Or

permeability .•.••••••.....• 20
S11 lstone and shale, reddish

brown, hard, dense, buff,
sandy dolomite, varie­
gated shale, some anhy­
dri te; no porosi ty or
permeability............... 10

Siltstone, reddish brown..... 20
S11 tstone, reddish brown,

var iega ted shal e, and
dense, bUff, sil ty
dolomite................... 10

Dolomi te, sil ty, gray, dense
and reddish brown
sil tstone ......•..•........ 10

Sil tstone, red to reddish
brown, some buff to light
gray, silty dOlomite ...... 10

Shale, gray, soft, very
py ritic dolomite, with
red shale and red to
reddish brown siltstone 10

Sil tstonc, dark brown to
black, interbedded with
anhydri te .••..•••••.•••.•• 10

Shale, light gray to
grayish green, very
pyritic, and dark
brown to black
8il tstone .........•.••.••• 10

Shale, light gray to grayish
gre€:n, ver'y pyritic....... 10

Shale, light gray to grayish
green, and brown to black
anhydri tic s11 tstone 10

Shale, light gray to
grayish green, very
pyritic •.•••••.••••••.••.. 70

Shale, variegated, pyritic.. 10
Shale, light gray to grayish

green, pyritic, with
nodules •••.•.•.•..•..••.•. 10

Shale, light gray to grayish
green, pyritic, slightly
micaceous................. 10

Shale, light gray to grayish
green, pyritic, slightly
micaceous, and brown
mottled, slightly to very
calcareous, very pyritic,
fine-grained sandstone j

poor to no porosi ty and
permeability ....•••.•.•.•. 10

Shale, light gray to
grayish green, very
pyritic, slightly
micaceous, slightly cal­
careous, some brown
mottled, slightly
to very calcareous, very
pyritic, fine-grained
sandstone; no poro::lity

or permeability; 50
percent shale, 50
percent sandstone,
from 1,830-1,840 ft 20

Shale, light p")"ayish green,
very py ri tic, micaceous,
~ome br'own mottled,
slightly to very
calcareous, very pyritic,
fine-grained 3andstone.
80 percent shale, 20 per­
cent sandstone from 1,850­
1,860 ft, 90 percent
shale, 10 percent sand­
stone from 1,860-1,870
ft 30

Shale, light ~ay to
grayish green, very
pyritiC with pyrite
nodUles, slightly
micaceous, slightly
calcareous ..•.•••••••••••. 20

Shale, light gray to
grayish green, very
pyritic, slightly
micaceous ..•...••••..•••.• 40

(D-20-1 0 )7dcb-1 .--C(,nll nUf~d

Shale, light gray Lo
grayish green, ver'y
pyritic, :Jlightly
micaceous, and subangular,
well-cemented, poorly

1,580 sorted, fine-grained, white
to blue mottled, calcareous
sandstone to sandy
limestonej poor porosity
and permea bil i ty i 50 percent
shale, 50 percent sandstone

1,600 from 1,940-1,950 ft,
slightly less sandstone
from 1,950-1,960 ft 40

Sandstone, subangular, white
to blue mottled,
argillaceous, well-cemented,

1,610 fine-grained, poorly sorted,
1,630 slightly calcareous; very

poor porosity and
permeability.............. 10

Shale and s11 tstone, light
1 ,640 gray to gray i sh green,

pyritic; no sample from
2,000-2,020 ft •..•••.•.•.• 40

1,650 Shale and s11 tstone, light
2,000-2,020 ft ..•.•••••.. 40

Shale and s11 tstone, light
1,660 gray to grayish green,

pyritic, some sandstone or
sandy dolomite; no
porosity or permeability.. 40

1,670 Shale and sl1 t~tone, grayish
green, mottled brown
dolomi tic sandstone wi th

1,680 inter bedded py ri te; no
porosity or permeability 10

Limestone, whi te, dense,
pelleted to oolitic, black,
dead oil residue between

1,690 pellets and oolites .•..... 10
Limestone, whi te, dense. less

1,700 pelleted and ooli tic j
abundant light gray, dense,
chalky limestone ....•..... 10

1,710 Limestone, gray to light
gray, dense, 25 percent
white pelleted oolitic

1,780 limestone 10
1,790 Limestone, gray to light

gray, dense, some dense,
pelleted, oolitic, dark

1,800 gray, argillaceous
limestone .•..•.•••.••••••• 10

Limestone, gray to dark gray,
1 ,810 dense, py riti c, some

ooli tic and pelletal dark
gray, dense, argillaceous
limestone •••.•.•..•••••••• 50

Limestone, gray to light
gray, pelleted to dense;
fair porosity and
permeability •••.••••••...• 10

1,820 Limestone and dolami te,
light gray to white,
dense; no porosi ty or
permeability 10

Shale, light gray, very
pyritic, interbedded with
brown micaceous shale..... 10

Shale, light gray to white,
very pyritic, contains
pyrite nodules,

micaceous .•.•...•••••••.•. ?O
Shale, light gray to white,

very pyri tic, contains
1,840 pyrite nodules, micaceous,

and brown, micaceous,
very py ri tic sl1 tstone ••.. 30

Shale, pale gray, very
pyritic................... 20

Sil tstone, very py ri ti c,
very micaceous............ 10

Shale, pale gray, very
pyritic, and very
micaceous, very pyritic
sil tstone ........•.•...•.. 40

Shale, light gray,
1,870 calcareous, pyritic,

mi Caceous, inter bedded
wi th calcareous, shaly,
light brown to brown,
oolitic, pelletal, fine­
grained, well-cemented

1,890 s11 tstone and sandstonej
pOOr poros! ty and
permeability.............. 10

1,930

102

1,970

'.980

2,020

2,020

2,060

2,070

2,080

2.090

2. '00

2.110

2.160

2,170

2.180

2.190

2,210

2,260

2,270

2,310

2.320

(D-;>O-17 }1dcb-l .--Cunl. I nueu
:;hal.l~, 11j1;ht p;r'ay, ver'y

py f'i tic, C!ontaj n~ py rite
crY~lLal::J <lnd nodules,
gradc~ to cil tsLone i
poor porosity and
permeability.............. 10

S11 tstone, brown oil-stained,
IIp;ht gray, very pyri tic
shale ..•..••.•.........••. 10

Shale, light gray, very
pyritic, brown 011-
stained s11 tstone •.•..••.• 10

Limestone, gray to dark
brown, oolitic, abundant
chert, some light gray,
pyritic shale; no
porosity or permeability 10

Limestone, dolomi tic, oolitic,
fragmental, pelletal,
black stain between frag­
ments, pinpoint vu~ular

porosity, white to bluish
whi te chert; very poor
porosity and permeability 50

Limestone and dolomite, white
to gray, dense, fragmental,
some dead oil stain, some
clear bl uish white chert j
no porosity or
permea bi! ity .••••.•.•••••• 10

Limestone, white to gray,
dcn3c, fragmental, some
dead oil stain, fine­
grai ned, calcareous
sand::Jtone •.•.••....••.•••. 10

Sandstone, fine-grained,
very calcareous, pelletal
and oolitic lime.stone •.•.• 10

(D-20-111)11cba-1. Log by
W. F. llurn3 Co. Altitude
4,J198.

Sand, gray .....•.••..•...... 5
Conglomera te ...•.•••.•.•..•. 58
Sand, gray; first water ••.•. I)

Slate, blue; caves slowly
but does not prevent
drillingj set lO-in.
casing .•.••.•••.••...••..• 182

Talc ••••••••.•.••••••••••••• 40
Sand, white; second water... 6
Slate, blue 10
Rock, red .•••••••••••••.•••. 14
Sand, white j water 12
Slate .•.•..••••••••••••••... 8
Sand, white j water 5
Conglomerate................ 5
Slate, green................ 10
Sand, gray.................. 10
Slate, green .•.....•....•••• 12
Sand, green; water.......... 45
Rock, red................... 8
Sand, gray .•..•..•••••.••••• 55
Rock, red; caves............ 10
Sand, gray ..•.••.••••.••.••• 90
Gypsum...................... 18
Slate, white................ 10
Sand, red •.••••••.•.•.•.•..• 85
Slate, redj set 8.25-in.

casing •..•.•••••••.•••••••
Sand, y,ray i slight show of

waler ••••••••••.••.••••••• 162
Sand, white; ~Jlip;ht show of'

oil ..•............•..•.... 10
:;and, hard, Kray; water

filled 11)0 ft of holo .....
Ilock, red ...•.... ,.......... ;:>0
~;and, r'cd .......•....••..•.•
~and, gray ..••.••........•.. 10
Sand, r'cd and whi te ?S
Sand, r'ed ......••. '......... 20
Sand, hard, whitej mOrf)

water .•.••••..•..••.•..•.• 31)
Sand, soft, gray; more

water,.................... 20
Sand, soft, white; well

flowing................... 15
Sand, hard, gray............ 35
Shale, red.................. 15
Sand, whi te; fl ow increased 5
Sand, hard, red •••...••••.•. 25
Sand, red,.. •••••••• •••.•.•• 18
Rock, redi set 6.25-in.

casing.................... 12
Sand, soft, white........... 10
Sand, hard, white........... 25
Sand, soft, white........... 45
Sand, har'd, red............. 10
Sand, soft, sharp, red...... 50
Sand, sharp, gr'ay •..•..•.•.. 10

?,330

2,3 110

2.350

2.360

2,410

2,420

2.430

2,4 1jQ

63
68

250
290
296
306
320
332
340
345
350
360
370
382
427
435
490
500
590
608
618
703

'108

[170

fiBO

1,000

1,020

1,035
, ,070
1.085
1,090
1,115
1.133

1,1 115

1,155
1.' 80
1,225
1.235
1,285
1,295



Table 12.--selected lithologic logs of veIls and teat boles--ContiDued

Note: Well would flow like a geyser for a few
minutes only when well was bailed.

Note: Drilled in mouth of canyon where access
trail enters canyon. Because of space
restrictions. drilled in edge of trail track.
where road fill may be aa much as- 2 ft thick.
From about 100 ft down, sand ejected from hole
was damp, but no free water apparent until 170 ft
where level later was 137 ft below land surface.
Apparently hole penetrated an open fracture.
Final water sample at 310 ft j temperatue 17.50 Cj
pH 7.3j specific conductance 1.290 umhos.

(D-22-1_l28ddd-l. Log by
H. R. Phillips. Altitude
!I,200.

Sand and gravel j shallow
water •••••••.••••••••••••• 10 70

Shale, red and gray ••••••••. 30 100
Sand and gray shale; water

and increasing amount
of nonflammable gas ••••••• 125 225

Shale, red...................lIO 265

(D-22-1_11588c-1. Log by H. & H.
Drilling. Inc. AltitUde 4.275.

Sandstone, white............ 5 5
~Iudstone, brown •.••••••••••• :?5 30
MUdstone, gray ••..••••••.•.• 10 !lO
Sandstone, gray ..••••••••••• 15 55
Mudstone, brown............. 20 75
Sandstone, gray .............]0 105
I'ludstone, brown............. 3 108
Sandstone, white 1 115
t-Iudstone, brown •..• 3 118
Sandstone, gray............. 22 1!10
r-ludstone, brown .•.••.•...••• ~O 160
Sandstone. brown .•.••.•.•••• 20 1&:l

9
15

135
138.5
1~8.5

33

106 .5
111.5
114.5

178
260
305

350

20
30

24
33.5
57
59.5
61.5
65
72.5

79.5

40

295
300

65
90

100
175
195
214
217

40

150
154
156
165
173.5
225.5

40

92
93.5

80

60

50

70

110

~ 8
82
45

13
5
3

20.5
3.5

10

40

12.5
1.5

10

16
9.5

23.5
2.5
2
3.5
7.5

1.5
4
2
9
8.5

52

9
6

20
10

18

25
25
10
75
20
19
3

69.5
5

10

10

10

10

30

(D-22-1_131ddb-l.--Continued
Sand, soft, redj water ••••••
Shale, red .•••••••.••..•••••
Sandstone, white; water
Shale and sandstone,

interbedded; ample
brackish water .••.•..•.••.

(D-23-10l12ddd-I. Log by
C. A. HcKinnon. Altitude
6,850.

SolI, red •••••••••••••••••••
Limestone and shale, redj

small amount or water •••••
Shale, gray, limy •••••••••••
Shale, brown, limy ••••••••••
Shale, gray. limy •••••••••••
Shale. brown ••••••••••••••••
Sand, gray, fine; water •.•••
Shale, gray •••••••••••••••••

(D-23-8l7dbd-l. Log by
Utah Department of
Transportation. Altitude
5,515.

Sand, sil ty •••••••••••.•••••
Sand and gravel •..••••••••••
Sand and gravel, coarse-

grained and a small
boulder .••.•••••••••••••••

S11 tstone and mudstone with
gypsum ••••••••••••••••••••

(D-23-8l3bab-l. Log by
Utah Department of
Transportation. Altitude
5.800.

Gypsum and shale,
weathered .•••••.••.•••••••

Gypsum, gray, and thin-
bedded shal e ••••••.•••••••

Shale, hard, gray •••••••••••
Gy psum, sandy, gray ••••.••••
Gypsum, white, pure ..•.•••••
Shal e, gray •••••••••••••••••
Gy psum, white, pure ••.••••••
Shale, gray •••••••••••••.••.
Gypsum, gray, wi th thin­

bedded shale ••••••••••••••
Shale, with thin gypsum

beds •••••••••••••••••.••••
Shale, red and sil tstone ••••
Shale, and some gypsum

beds ••••••••••••••••••••••
Shale, hard. brown-gray •••••
Gypsum, white ••••.••••••••••
Shale, with some gypsum

beds .•.•.•••••••••••••••••
Gy psum, whi te •••••••.•.••.•.
Sample missing •••••••.•••.••
Shale, soft, red, and

mudstone •.••.••.••••••••••
Shale, gray ••••••••..•..•.••
Shale, soft red .••••••...•••
Shale, gray •••.••.••••••••••
Shale, red •••••••.••••••••••
Shale, gray, limy •••••.•••••
Shale, hard, gray and

shaly limestone •••.•••••••
Limestone, sandy ••••••••••••

(D-23-U)25bca-l. sample
log by J. W. Hood. Altitude
~ ,160.

Sand, loose, red, silty; hole
produced water near 20 ft;
started drilling with mud

S11 tatone, red, sandy
Sandstone, cream-COlored.

very fined grained, silty ••
Sandstone, cream-COlored,

very fine grained, silty,
and red, very fined grained,
sil ty sandstone •••••••••.••

Sandstone, whi te, very fine
to fi ne-grai ned, s11 ty •••••

Sandstone, white and red,
very fine to fine-grained,
wi th ail tstone ••.••••••••••

Sandstone, whi te, very fine
to medium-grained, with red
sil tstone .••••.••...•••..•.

Sandstone, White, very fine
to medium-grained, with red
ail tstone, sandstone is
mainly fine to medium-
grai ned and better sorted
than at 70- 80 ft .•...•.....

190

260

200

250

210

310

200

270

290

29
43
75
90

130

10

20

10

10

20

10

10

10

29
14
32
15
~O

(D-22-13135bcd-2 .--Conti nued
Sandstone, pale brown, very

fine to fine-grained
wi th a few fragments of
red sil tstone •••••••••••••

Sandstone, light brown to
brown, very fine to fine­
grained; some road-fill
cavingsj specifiC conduc­
tance 1,310 umhos •••••••••

Sandstone, light brown to
brown, very fine to fine­
grained; some road-fill
cavings and some small
fragments of whi te vei n
filling; specifiC conduc­
tance 1,280 umhos; water
level, after overnight
recovery, 137 ft below land
surface .•...•••.••••••••••

Sandstone, pale brown, very
fine to fine-grained, with
a few very small lron­
stained sandstone aggre­
gates and some ocherous
yellCI'J fragments ••••••••••

Sandstone, pale brown, very
fine to fine-grained with
some ocherous yellow frag­
ments and a larger number
of iron-stained aggregates
than above •••••.••••••••••

Sandstone, gray with fine
mottling of iron-stained
spots .•...•.....•..•..•••.

Sandstone, gray and tan, very
fine to fine-f';rained, with
a few small fragments of
red s11 tstone and whi te
vein filling .••..•.••...•.

Sandstone, gray and tan, very
fine to fine-grained, with
a few smaJ I fragments of
red sil tstone, and white
vein filling, and a few
angular fragments of
dense silica-cemented
sandstone •••.•••••••••••••

Sandstone, pale brown, very
fine to fine-grained, with
many very small iron­
stained sandstone
aggregates .••••.•••••.••••

(D-22-Ul31ddl>-1. Log by
O. R. Anderson. Altitude
~ ,290.

Gravel, coarse •..•.•..••....
Gravel and quicksand •...••••
Shal e, sandy, red .....••••..
Sand, red, coarse i water .•••
Sandstone, red, rine-grained.

475

68

61

00

30

90

39
56

20

50

36

163

60

3.5

290

370
377
382

388
390
395

~06

411
418
~29

435

~o

268

130

110

70

1'70

120

150

140

1.303
1.307
1,315
1,325
1.335

28

20

11
5
7

11
6

10

28

3
17

~o

8
4
8

10
10

10

20

10

22

10

10

20

10

70

10

10

302
7
5

102

105

10

(D-20-U111cba-l.--Continued
Sand, hard, black •••.•••••.•
Alabaster ••••••••••••••••.••
Sand, hard, red •••••.••••••.
Sand, soft, red •••••••••••••
Shale, purple •••••••.••....•

(D-22-10133.OO-l. Log by
Utah Department of
Transportation. Altitude
1,120.

Sandstone, gray to buff •••••
Sandstone, gray with thin

beds of shale ••••.••••••••
Sandstone, homogeneous, fine-

to medium-grained •.•.•••••
Sandstone, fine-grained .•.••
Shale, sandy ••••••••••••••••
Sandstone, very fine

grained .•••••.••••.•••••..
Shale, limy ..•.••••••.•••.••
Sandstone .•••••••.••••••••••
Sandstone, shaly and thin-

bedded shale •.•••••••••••.
Shale ...•.••••••••.•.•••.•••
Sandstone •.•.••••••••••••••.
Shale .••••.•.•..•••••••..•..
Sandstone .•.....••••••.•.•..
Shale, and thin-bedded

sandstone •.•.•.•.••••••.••

(D-22-11)23bdc-l. Log by
Utah Department of
Transportation. Altitude
6,520.

Shale and thin sandstone .•..
Sandstone, ~il ty and thin­

bedded flhal e ..••.••.•.....
Sandstone. lim)' and sandy

shale .•................•..
Sandstone, silty and some

shale •••••.•.•.•••••••..••
Limestone, light gray ••.••••
Limestontl, fossiliferous,

and shale •.••••••.••••••••
Shale, thin-bedded limy

and shaly sandstone •••••••
Limestone, and sandy lime­

stone with geodes ••••.••••
Sandstone, medium- to

coarse-grained ••••.•••••••

(D-22-13135bcd-2. Sample
log by J. W. Hood. Altitude
4.510.

Sandstone, ocheroUS yellow,
very fine to fine-
grai ned; small amount of
road fill at top ••••••••••

Sandstone, white, very fine
to fine-grained •••••••••••

Sandstone, white, very fine
to fine-grained and very
f.ine to medium-grained,
pale yellow with iron
inclusions ••••.••••••••••••

Sandstone, pale gray, very
fine to fine-grained ••••••

Sandstone, pale tan, very
fine to fine-grained .•••.

Sandstone, pale tan, very
fine to fi ne-grained and
lieht brown, very f'ine to
finc-l1rained ...•.••....••.

SandBtone, pale r.;ray, very
fine grained ••••••••.•••••

Sandstone, light yellow­
brown, very fine to
fine-grained ••..•••..•••..

Sandstone, gray, very fine
to fine-grained, with fine
white fragmentB of vein
fillingj cuttings seem
damp at 115 ft ••••••••••••

Sandstone, tan, very fine
to fine-grained, silty •••.

Sandstone, pale grayish
tan, very fine to fine-
grained •••••••••...•••.••.

Sandstone, pale grayish
tan, and ocherous yellow,
very fine to fine-
grained .•••••••••.•.•.••••

Sandstone, pale grayish
tan, very fine to fine­
grained; at 110 ft, after
uddinf; drill stem, driller
reported drilling only "an
inch or so" when hole
started producing water,
which apparently came from
an oPUfl fracture .•.....•..

10.1



Table 12.--Selected litholOgic 10gB of vell.s and te.st boles--Continued

Material Tbickness Deptb Material Thickness Depth Material Thickness Depth

(D-23-1.11J36bdd-l.--Continued
Sandstone, light reddish to

dark brown, fine- to mcdium­
grained, with fragments of
red sandy s11 tstone .•••.•..• 20 60

Sandstone, medium brownish
red, very fine to fine­
grained, a few fragments of
Kray shale ..•.•...••..•...•• 10 70

Sandstone, pale reddish tan,
very fine to fine-grained... 10 80

Sands Lone, pale reddish brown
to Up;ht brown, wi th a few
fragments of dark red
sil tstone .••.....•••..••.•.• 10 90

Sandstone, light yellow to tan,
very fine to fine-grained,
wi th a few fragments of red
sil tstonc and dark yellow
sandstone................... 10 100

Sandstone, light yellow to tan,
ver'Y fi.ne to fine-grained,
with a few fragments of red
sil tstone and dark yellow
sandstone, Slightly darker
than at 90-100 ft, with

fragments of dark red,
very friable sil tstone and
very small fr8eJllents of
gray shale; hole flowing;
temperature 15.0oC; specific
conductance 3,230 umhos; pH

6.7 ""'"'''''''''''''''''' 10 110
Sandstone, light yellow to tan,

very fine to fine-grained,
with a few fragments of red
sil tstone and dark yellow
sandstone, contains more red
s11 tstone and gray shale
than at 90-100 fti frag,nent
of crystalline gypsurr. ••.•.•• 10 120

Sandstone, pale tannish brown,
very I'ine to fine-grained;
very few other' framents in
,'jarnpl(~ .....••.....•••..•••.. 10 130

~;and:ltone, lanni:dl brown, very
rim' to rr,('dium-r,t'dinod; lII<1ny
idr~:c (a~ mUch a~l 1 in.)
I'r;;Jgznents of dark red :1i.l t_
stone at 130-110 ft; red
3i! tstone fragments smaller
at 170-180 ftj t'ed siltstone
fragments up to 3/4-in. dia­
meter at 180-190 ft; fragments
of iron-oxide cavity
filling..................... 60 190

Sandstone I pale brown, fine­
to medium-grained, many
small fragments of red s11 t­
stone and some small frag­
ments of white amorphous
gypsum; hole prodUCing 100­
200 gal/min; water and air
flowing from joint about 6
ft east of rig; temperature
17. 90 C; speCific conductance
2,650 umhos; changed to
water for drilling 10 200

No samples; drilled blind
after circulation lost; water
level 10 ft below land
surface..................... 15 215

Note: Well partly drilled with air which eroded
walls of hole and probably contaminated cuttings
with cavings of wall above drilled interval
shown, by viOlently ejecting water along hole's
bore; well flowed frOm depth of about 110-205 ftj
at 205 I't, flowing water appeared to be gas­
lifted lonf, after drilling air should have
dissir;ated. Circulation lost irllI'Jediately after
205 ft reached. Circulation lost in second hole,
30 south, at depth of 50 ft.

(D-23-1J1)25bca-l.--Continued
Sandstone, white, very fine

to medium-f,rained, with red
sil tstone, sandstone is
mainly fine to slightly
coarse grained, drilling
mud a1 terna tea in color from
chocolate-brown to brownish
tan •..•••••....••..••......•

Sandstone, white to grayish
tan, fine to slightly coarse
grained, with red siltstone.

Sandstone, pal e brown to gray,
fine to s1i~;htly coarse
grained, wiht red 8il tstone .

Sandstone, light reddish brown,
very fine to medium-grained .

Sandstone, light reddish brown,
511 ty .••••.....•..•.••.•....

Sandstone, pale brown to p;ray,
very-fine to medium-grained,
with many speck,s of red
sil tstone .......•.••...••...

Sandstone, pale tan, very fine
to fine-grained, well-sorted,
wi th a few fragments of red
sil tstone ..•..•....•....•...

Sandstone, pale brown, very
fine to medium-grained, well­
sorted; lost some drilling
mud to formation ..

Sandstone, light brown, very
fine to medium-grained, well­
sorted, with a few small
fragments of dark sil tstone .

Sandstone, pale tan, very fine
to medium-grained, with a
few fragments of dark
sil tstone .••••.••••••..••••.

Sandstone, pale tan, very fine
to rine-grained, with a few
small fra~ents of red
sil tstone .•.••••..••••..••••

Sandstone, light brown, very
fine to medium-grained, wiLh
a few small fra~ent.s of red
s11 tstone; had to add material
to mud to decrease loss of
drilling fluid •...••....•...

Sandstone, pale tan, very
fine to medium-grained •••.•.

511 tstone, cream-colored,
sandy, with much evaporitiC
mi neral fragmen ts ••.•••.•.••

Sandstone, dark brown, with
.small fragments of dark
sl1 tstone and gypsum ••••••..

S11 tstone, red-brown, with
small fragments of gy pSum
and some sand ••••.••••.••••.

Gypsum, finely cut up, with
red_brown sil tstone, and
some sand ••.•..••...•••..•••

Gypsum, finely cut up, with
red-brown 511 tatone, sandier
than at 320-340 ft .

Siltstone, dark reddish brown,
.sand, and finely-cut f!]/ psum;
section from 300-360 ft hardj
changed to button bit •••••..

Sandstone, brown, fine- to
medium-grained, With some
brown sil tstone and finely-
cut gypsum ....••••.••••..•••

Sandstone, brown, very fi ne to
medium-grained, with traces
of brown ail tstone and
KYPsum •...•••••.•••••.••••..

Sandstone, brown, very fine
to fine-grained, with traces
of brown a11 tstone and
gypsum •..•.••••.•••••.••..••

Sandstone, brownish gray, very
fine to fine-grained, with
traces of brown s11 tstone
and gypsum •...•••.•..•.•.•..

Sandstone, gray limy, and
gray limestone .••••.•••••..•

Limestone, gray, finely cut,
with some tan, very fine to
fine sand •.•.•..••••.•.•••.•

10 120

10 130

10 1'0

20 160

10 170

10 180

10 190

20 210

20 230

10 2'0

10 250

20 270

10 280

10 290

10 300

20 320

20 3'0

10 350

10 360

10 370

10 380

10 390

20 4'0

10 '20

10 '30

(D-23-1.11) 12ddd-l .--Cont i nued
Limestone, gray, finely cut,

some very fine to fine brown
sand and red sil tstone;
sil tstone diminishes at 1140-
450 ft ••....•....•...•.•.... 20

Sil tstone, red, and very fine
to fine-grained sandstone
(sample lag about 10-20 ft?);
at 460 ft penetration rate
increased rapidly •.........• 20

Sandstone, white, very fine
to medium-grained, with
many small fra~ents of dark
red sil tstone ....•....•....• 10

Sandstone, tan, very fine to
fine-grained, with many
specks of white evaporites,
well-sorted, some fragments
of red sil tatone at 490-500
n; at 1190 ft, mud level in
hole did not subside while
adding drill stem; mud is
thinning.................... 20

Sandstone, pale tan, very fine
to fine-grained with fine
specks of red sil tstone at
500-520 ft, increasing to
about 40 percent of .sample
at 520-530 ft, again
decreasing to less than 5
percent at 540-560 ft and
about 10 percent at 560-570
ft, with some flakes of white
evaporite; mud level rose
during change of drill stem
at 510 ft; at 550 ft, hole
was defini tHy flowing •.•••. 70

Sandstone, very pale brown,
very fine to fine-grained
with little red sl1 tstone ... 10

Sandstone, pale tan, very fi ne
to medium-grained, with about
'0 percent red sil tstone and
white evaporite at 580-1)90 fl
and lens than') r;ercent at
590-610 ft; drilling fluid
now is almost plain water' ... 10

Sandstone, pale brown, very
fine to fine-grained .•••.•.• 10

Sandstone, pale brown, very
fine to medium-grained, with
less than 10 percent red
sl1 tstone and whi te flakes
of evapori te ••••••.•••••.••• 10

Sandstone, pale brown, very
fine to fine-grained, with
a few fragments of red
sil tatone •.••.••••..•••.•.•. 20

Sandstone, pale yellowish
brown, very fine to fine-
grained •••••.••••..•.•••••.• 10

Sandstone, pale tan, very fine
to medium-grained, with
white flakes of evaporite
at 650-670 ft, about 10 per­
cent red siltstone; little
red sil tstone at 670-680 ft;
about 10 percent at 680-690
ft ired sil tstone diminished
to less than 5 percent at
700-710 ft; hole flowingi
temperature 17.5 0 C: specific
conductance 908 umhos .•••••• 50

(D-23-n136bdd-l. Sample log
by J. W. Hood. Al tHude
'.120.

Soil, thin red, over fine­
to medium-grained silty
red sandstone and very fine
to fine-grained pale
yellow sandstone ..•..•.•••.• 10

Sandstone, pale yellow, very
fine to medium-grained, very
friable sandstone .•...•..•.. 10

Sandstone, pale yellow, very
fine to medium-grained, very
friable sand.stone, with some
ocherous yellow to pale
red friable sandstone....... 10

Sand.stone, light reddish brown,
fine- to medium-grained, with
a few fragments of pale
grayish green shale; water at
about 35 ft •••...•.........• 10

104

450

JI70

,80

500

570

580

610

620

630

650

660

710

10

20

30

'0

(D-25-15l23bdb-l. Log by
O. il. Anderson. Al ti tude
'.795.

Soil, sandy ...•....•••••..••
Sandstone, red •••••...••••..
Sandstone, white .....••.•..•
Shale, sandy, red ..•.••••••.
Sandstone ....••••••••.•••••.
Shale, sandy red ...•••.•..••
Shale, blue .•.•.••••.••••••.
Shal e, hard bl ue .•••••.•.•••
Shale, hard red ••.•••••..••.
Sandslone, 30ft; water at

,
66
20
15

'5
"6
12
11

4
70
90

105
150
16'
170
182
193



Table 13.--Descriptions of rock samples analyzed for hydrolo~ic properties and ~rain-size distribution, and of sampling sites.

[Abbreviations: ft, feetj in., inch; mm, millimeter; md, millidarcy.]

Location: See descriptions of well- and spring-numbering system.
Samples of several formations in the northern San Rafael Swell area were obtained. mainly from outcrops, and submitted to Core
Laboratories, Inc" Dallas, Texas or to the Central Laboratory of the U.S. Geological Survey, Denver, Colorado. In addition,
analyses of cores from three petroleum-test wells were obtained from the files of the U.S. Geological Survey. The description
of the sources and the general nature of the samples follow. Thin-section descriptions are by Core Laboratories, Inc.; per­
centages cited for the thin sections are from point counts. Hydrologic characteristics, grain-size analyses, and permeability
are given in tables 2, 3, and 4.

Location Sample No. Description

~~~_~om the Entrada Sandstone

(0-23-13) 24a<1<1-1 UTSR-28 Hand specimen from outcrop near top of hill 200 ft east of State Highway 24. Yellow, very
friable ~and~tone. Thi~ sandstone contrasts with the usual red silty sandstone and siltstone
in the Entra<la San<19tone.

(D-19-11)17bba-2 UTSR-25 Hand specimen from outcrop in slope between east edge of Furniture Draw and county road, near
head of Buckhorn Wash. Very dense, red-brown to lavender, finely crystalline, fossiliferous
lime9tone. Interbed in red siltstone at base of formation.

Hand specimen from low road cut on north edge of county road in head of Buckhorn Wash. Firm
tan sandstone.

Core hole at east edge of stream channel in Furniture Draw. (See UTSR-25, above.) Cut 2.25­
in. core to depth of 0.5 ft in the top of the formation. Upper 0.3 ft used for grain-size
analysis; last 0.2 ft used for permeability sample. Took 2 hours to cut sample. Very hard,
li~ht brown sandstone; almost limonitic in color.

Hand specimen broken from 2 ft calyx core near bottom of dry wash above box canyon near head of
Buckhorn Wash. Core was cut as part of a 1949 explosion test on the sandstone. Sample is
from a depth of 2-4 ft below land surface and from near top of formation. Very hard white to
pale tan sandstone. Sample was too hard to disaggregate for grain-size analysis.

U.S. Geological Survey test hole drilled at southwest side of intersection of county road and
trail to Bi~ Flat. Hole was drilled with air and penetrated full thickness of Navajo Sand­
stone which was found to be dry to bottom. From set of lO-foot samples, Buite of 14 samples
chosen to represent zones apparently uniform in megascopic lithology and color.

Core hole in bare bottom of small stream channel at north side of ranch trail. Cut 2.25-in.
core to depth of 5 ft near top of the formation. Top 0.9 ft was very soft. Remainder moder­
ately indurated. Tan sandstone. Core hole cased with sealed aluminum tubin~ for soil mois­
ture measurements.

(D-18-12)25aac-l UTSR-4

(D-19-1D)13dbd-1 UTSR-5

(D-19-11)17bba-1 UTSR-26

(D-19-11)20bca-1 UTSR-24

(D-19-12)30bba-l NSR T-2

(D-20-12)3cab-1 UTSR-27

§..<!..I!!..E..les from the Nav~ Sandstone

Weathered hand specimen from slope north of dry washj near top of formation. Light gray
friable sandstone.

UTSR-27-1 Depth 0.0-0.2 ft.

UTSR-21-2 Depth 0.2-0.45 ft.

UTSR-27-4 Depth 0.9-1.7 ft.

Thin-section description: medium sandstone: quartzarenite.

This sample is homogeneous, poorly sorted sandstone consisting of 97 percent quartz, 1 percent
feldspar, 1 percent chert, and 1 percent kaolinite. Grain size ranges from 0.02 to 0.4 mm,
and the grains are generally equant and rounded to well_rounded. The moderately packed grains
are in tangential or planar contact.

Monocrystalline quartz with straight or slightly undulose extinction constitutes the bulk of
the sample. Rutile needles, mica, and amphibole are present as inclusions. Well-rounded
chert ~rains are scattered throu~hout the sample. Minor amounts of polycrystalline quartz
also are present. .

Secondary quartz overgrowths are delint!ated by faint dust rims and are the primary cementing
agent. This cementation is incomplete, however, and 22 percent intergranular porosity remains.
Microcline and plagioclase feldspars are dispersed throu~hout the sample. Kaolinite is pres­
ent as an alteration product which completely masks the original grains. Traces of finely
crystalline siderite, muscovite, hornblende, and zircon also are present in the sample.

UTSR-27-6 Depth 2.05-2.45 ft.

UTSR-27-7 Depth 2.45-2.85 ft.

UTSR-27-9 Depth 3.5-3.8 ft.

UTSR-27-12 Depth 4.4-4.7 ft.

IITSR-27-13 Depth 4.7-5.0 ft.
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Tahle 11.--Descriptions ()f rock samples analyzed for hydrologic properties and
Rrain-size distriblltion)and of sampling sites--Continuerl.

-----------~-~------------~-----

LOCd.t ion Sample No. Description
----------------------~--------- --------- ---~------------------

(D-20-13) 15cad-l

(D-20-13) 15daa-l

UTSR-20

UTSR-21

Hand specimen from base of cliff on north side of Cottonwo(){l Wash at hen{1 ill canyoll. Sample
from near base of formation. Slightly friable sandstone with red and tan laminae.

Thin-section description: subarkosic quartzarenite.

This sample is a homogeneous, poorly sorted sandstone consisting of 92 percent quartz, 6 per­
cent feldspar, 1 percent kaolinite, and 1 percent organic material. Grain size ranges from
0.01-0.28 mm, and the grains are equant to sUbelongate and subrouncled to subangular. The mod­
erately packed grains are in planar or concavo-convex contact.

Monocrystalline quartz with straight or undulose extillction is the prilnary Inilleral constituent.
Rutile needles, zircon, and tourmaline are present as inclusions. Traces of rounded chert
also are present.

Microcline, orthoclase, and plagioclase feldspars are scaltere(l thr()ughollt the sample. Alter­
ation to clay and dissolution of these fel{lspars is common. '[he orthocl~se a!>peltrR to he
lnore elon~ate than the quartz and fresher than the other fel(lspars.

The sample is cemented with an early stage of secondary quartz overgrowths an{l a fine sili­
ceous matrix. The cementation is incomplete and remaining intergranular pore space accounts
for 14 percent of the sample. Kaolinite ()l' as an alteration product which completely
masks the original grains. Traces of organics, muscovite, hornblende, and zircon also were
found.

Core hole at base of cliff on north side of Cottonwood Wash; on sandstone shelf, about 3 ft
above bottom of stream channel. Core consists of brown, moderately indurated sandstone. Low­
er part of cliff and the shelf is damp and covered with mineral cffl()reSCcTlce. Core was sat­
urated, and air used for coring would not clear cuttings from hole; air bubbled up from joints
1-2 ft from hole. No water standing in hole after coring stopped. Cased with open-ended alu­
minum tubing for water-level measurement.

UTSR-21-1 Depth 0.0-0.2 ft.

UTSR-21-2 Depth 0.2-0.5 ft.

UTSR-21-3 Uepth 0.5-0.9 ft.

UTSR-21-4 Depth 0.9-1 .1 ft.

(D-21-9)15add-l

(D-21-9)15dda-l

(D-22-13)12aab-l

(D-22-13) 12aba-1

(D-22-13)12abb-l

UTSR-30

UTSR-29

UTSR-3

UTSR-2

UTSR-l

Weathered hand specimen from outcrop in bed of Coal Wash. Sample from near top of formation.

Weathered hand specimen from base of bluff at northeast side of the junction of North and South
Forks, Coal Wash. Li~ht yellow-brown, thin-bedded sandstone. Weathering causes sandstone to
split into layers 0.75 to 1 in. thick.

Hand specimen from road cut at south side of Interstate Highway 7D, at mouth of Spotted Wolf
Canyon. Brown to tan friable sandstone about 30 ft below top of formation.

Hand specimen from road cut at south side of Interstate Hi~hway 70 in Spotted Wolf Canyon.
Brown friable sandstone near middle of formation.

Thin-section description: fine sandstone; quartzarenite.

This sample is a homogeneous. moderately sorted sandstone consisting of 97 percent quartz, 2
percent feldspar, and 1 percent calcite. The grains are generally subrounded to subangular
and equant in shape. Grain size ranges from 0.01 to 0.20 mm. The grains are moderately
packed and are in concavo-convex or planar contact.

Monocrystalline quartz with straight or slightly undulose extinction is the primary mineral
constituent. Rutile and muscovite are present as inclusions. Traces of chert and polycrys­
talline quartz also are present. Microcline and plagioclase feldspar are present in minor
amounts and appear as fresh unaltered grains. Traces of zircon and hornblende are present.

Secondary quartz overgrowths are the most important cementing agents. Minor patches of cal­
cite also are present. Remnant porosity is very high due to the poorly consolidated nature of
the sample. but an accurate estimate is not possible because of extensive plucking (of the
thin section).

Hand specimen from outcrop at south side of Interstate Highway 70 in Spotted Wolf Canyon and at
base of formation. Very hard brown calcareous sandstone or sandy limestone; contains healed
fractures.

Thin-section description: fine sandstone; calcareous quartzarenite.

This sample is a homogeneous, moderately sorted sandstone consisting of 52 percent quartz, 39
percent calcite. 8 percent organics, and 1 percent feldspar. Grain size ranges from 0.02-0.20
mm, with grains averaging 0.12 mm. A few large grains are as large as 0.34 mm. The grains
generally are equant and subangular to angular. Loosely packed grains are in tangential or
planar contact.

Monocrystalline quartz with straight or slightly undulose extinction is the primary mineral
constituent. Rutile needles are common inclusions. Minor arnounts of chert and polycrys­
talline quartz are also present. The most important cementing agent is calcite which is often
encroaching on framework grains. Some i ron staining is evident within the ciilcil.:e. Organ ic
material is associated with this calcite and also is a cementing agent. RelnaininK pore space
is limited to 1-2 percent.
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Tahle 13.--Dcscriptlons of rock samplcs analyzed for hydrologic properties and
1{rain-size distribution, and of sampling sites--Continued.

Location Sample No. Description

UTSR-1A

Sample from the Navajo Sandstone.--Continued

Microcline and plagioclase feldspars are present in minor amounts. These appear as fresh, un­
altered grains, although several grains are fractured. Trace minerals include hornblende,
zircon, and muscovite. Some grain plucking occurred during thin section preparation.

Hand specimen from bed overlying source bed of sample UTSR-1. Soft, gray friable sandstone.(D-22-13)12abb-2

(D-22-13)35bdc-1 UTSR-8 Hand specimen from cut in unused mine access road in mouth of canyon. Sample from near middle
of formation. LiRht brown friable sandstone that contains numerous thin fractures which are
healed with a non-carbonate mineral.

Thin-section description: medium sandstone; quartzarenite.

This sample is a moderately to tightly packed sandstone consisting of 96 percent quartz, 3 per­
cent feldspar. and 1 percent chert. The grains generally are equant and subrounded. Grain
size ranges from 0.03 to 0.35 mm, except for a vein of medium silt-sized grains that occur
throughout the length of the sample. Grain contacts are planar, concavo-convex. or slightly
sutured. The primary mineral constituent is monocrystalline quartz with straight or undulose
extinction. Rutile needles are common inclusions. Polycrystalline quartz and chert are
present in minor amounts.

Microcline and plagioclase feldspars are randomly scattered throughout the sample. Alteration
to clay and dissolution of these feldspars is common and has resulted in minor secondary por­
osity.

The sample is cemented with an early sta~e of secondary quartz overgrowths, as well as a minor
amount of organic material. The vein of silt-sized material is tightly cemented by a fine
siliceolls matrix and no porosity is present here. However, in the rest of the sample as much
as 22 percent inter~ranular pore space was observed. Trace amounts of hornblende and musco­
vite are present.

(1l-23-9)3hda-l UTSR-16 Hand specimen from cut on north side of local access road, south of Interstate Highway 70.
Rock in the cut shows intense shatterin~ and a small thrust zonej rock in the shattered zone
is bleacherl. Sample is from the darker rock. Lip,ht yellow to tan, friable sandstone. Outer
part of sample weathered.

(D-23-9)3bdb-1

(D-23-13)27bcc-l

UTSR-15

UTSR-19A

Hand specimen from cut on north side of local access road, south of Interstate Highway 70.
Sample is from top of formation. Light tan to yellowish white sandstone; locally ocheruus.
Induration so poor that sandstone will shatter into bits when hit with a hammer.

Core hole in bare bottom of gulley about 5 ft above south edge of Straight Wash and south of
trail that goes up canyon. Cut 2.25-in. core to 3.4 ft. Hole seemed to be damp near bottom.
Hole cased with sealed aluminum tubing for soil moisture measurements. Tan to brown sand­
stone.

UTSR-19A-l Depth 0.0-0.2D ft.

UTSR-19A-2 Depth 0.2-0.45 ft.

UTSR-19A-3 Depth 0.45-D.90 ft.

UTSR-19A-6 Depth 2.7-3.0 ft.

UTSR-19A-7 Depth 3.D-3.4 ft.

(D-23-13)28ad~-1 UTSR-19 Hand specimen from south wall of Straight Wash Canyon, 50-100 ft below top of formation. Tan
to yellowish gray mottled sandstone. Weathered.

(D-24-12)35bcd-1 Core hole in bare slope of San Rafael Reef, where precipitation can drain from site. Cut
1.375-in. core to depth of 3.5 ft. See Hood and Danielson, 1981, table 11. Tan friable sand­
stone.

Depth approximately 3.4 ft.

'fQUT-5

IlAN-15

DAN-18

OAN-19

Depth 0.0-1.0 ft.

Depth approximately

Depth approKilnately

ft.

ft.

(D-24-12)35hcd-2 Core helle in hare slope e)f San Rafael Reef, where precipitation can accumulate in (Iepression.
Cut 1.375-in. core to depth of 3.9 ft. Sec Hood and Danielson, 1981, table 11. Tan friable
sands ton{~.

TQUT-4

IlAN-21

DAN-22

Depth 0.0-1.0 ft.

Depth approximately

Depth approximately

ft.

ft.

DAN-23 Depth approximately ft.
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'fable 13.--De~criptions of rock samples analyzed for hydrologic properties dnll
~rain-size distrihlltion,and of sampling sites--Continued.

Location Sample No. Description

Sa~~_~~~~_~~~~o Sandstone.--Continued

(D-24-12)35cbd-2 Core hole in bare bottom of Old Woman Wash. Cut 2.25-in. core to apprOXimately 4 ft. See Hood
and Danielson, 1981, table 11. Tan friable sandstone.

76UT-39-1 Depth 0.0-0.10 ft.

76UT-39-2 Depth 0.10-1.0 ft.

NS-7A Depth 1.0-2.0 ft.

(D-24-14)3Z:J olc-l

(D-24-16)12bcb-l

UTSR-18

UTSR-7

Weathered hand specimen from base of bluff west of Cottonwood Wash Bnll south of fault Hcarp
,that exposes Navajo Sandstone near Cottonwood Spring. Very friable sandstone with red and tall
laminae. Weathering causes sandstone to split into thin sheets. Sample from about 100 ft
below top of formation.

Weathered hand specimen from edge of canyon west of Green River and south ()f ranch trail. Sam­
ple from near top of formation. Pale orange well-indurated sandstone.

(D-24-16)15dbb-l UTSR-22 Core hole in bare sandstone at north side of dry stream
it skirts around shallow canyon. Cut 2.25-1n. core to
sealed aluminum tubing for soil moisture measurements.
moderately indurated sandstone.

channel and east of county road where
depth of 3.5 ft. Hole cased with

Hole is in top of formation. Brown,

UTSR-22-1 Depth 0.0-0.40 ft.

UTSR-22-2 Depth 0.40-0.90 ft.

UTSR-22-5 Depth 1.5-1.9 ft.

UTSR-22-9 Depth 2.8-3.3 ft.

Samples from the Kayenta Formation

(D-22-10)33bca-l

(D-22-10)33bca-2

UTSR-ll.

UTSR-14A

Hand specimen from road cut on north side of Interstate Highway 70 and west of Ghost Rocks rest
area. Sample is from point about 10 ft below natural land surface. Tan to light pink, cross­
bedded sandstone with streaks of red along bedding planes and included pellets of green shale.

Hand specimen from same site as UTSR-14, but from about 4 ft below natural land surface. Light
tan to greenish_white, even-bedded, very fine-grained sandstone with green streaks along bed­
ding planes.

Samples from the Wingate Sandstone

(D-19-11)33bbd-l

(D-22-13)ldcd-l

(D-22-13)35bcc-l

(D-23-1 0) 9bbd-2

UTSR-6

UTSR-l1

UTSR-9

UTSR-17

Hand specimen from road cut on east side of road in 8uckhorn Wash Canyon. Pinkish-tan firm
sandstone.

Hand specimen from road cut at south side of Interstate Highway 70 in Spotted Wolf Canyon.
Sample from near middle of formation. Pink to tan or orange massive sandstone with thin lam­
inae. Moderately indurated.

Thin-section description: fine sandstone; quartzarenite.

This sample is well-sorted, loosely packed sandstone consisting of 95 percent quartz, 4 per­
cent feldspar, and 1 percent chert. Grain size ranges from 0.02-0.20 mm, and the grains are
subrounded and equant to subelongate. Grain contacts are primarily planar and tangential.
The major clastic constituent is monocrystalline quartz with straight or slightly undulose
extinction. Rutile and zircon are present as inclusions. Minor amounts of polycrystalline
quartz and chert also are present.

Plagioclase feldspar and microcline are evenly dispersed throughout the sample. Clay alter­
ation and dis.olution of these feldspars is common.

The sample is cemented by an early stage of secondary quartz overgrowths. A trace amount of
calcite also is present. The sample is very poorly consolidated and contains 31 percent pore
space. Trace amounts of organic material and hornblende are present in the sample.

Weathered hand specimen from south wall of canyon, near stream level. Dark red sandstone, part
of which has a salt and pepper appearance.

Weathered hand specimen from near base of formation and near road to Swazy Cabin, about 100 ft
north of Cliff Dweller Spring (table 10). Brown sandstone with specks of unidentified min­
eraL

Sample from the Moss Back Sandstone Member of the Chinle Formation

(D-22-13)35bcc-2 UTSR-l0 Hand specimen from the mouth of an old mine adit in the south wall of canyon. Slightly weath­
ered banded cream and tan firm sandstone.
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Table 13.--Descriptions of rock samples analyzed for hydrologic properties and
grain-size distribution,and of sampling sites--Continued.

Location Sample No. Description

Samples from the Sinbad Limestone Member of the Moenkopi Formation

(D-17-12) lbba-l

(D-24-13) 23cdc-l

(D-25-13)12bac-l

2

1-6

8-23

24-28

29

1-6

8-12

13-15

16-19

20-21

22-23

24-26

27

28-33

34

36

Suite of 1 ft cores from petroleum-test well (table 11); from depths of 3,128-3,136 ft. Table
4 gives average of four samples.

Suite of 1 ft cores from petroleum-test well (table 11).

Depth 2,083-2,084 ft; gray-tan very finely crystalline sugary dolomite.

Depth 2,084-2,085 ft; Do.

Depth 2,085-2,086 ft; Do.

Depth 2,083-2,089 ft; Do.
Air permeability range: 0.13-48 md.
Porosity range: 4.4-20.4 percent.

Depth 2,089-2,090 ft; gray-tan very finely crystalline sugary dolomite.

Depth 2,090-2,106 ft; Do.
Air permeability range: 0.04-1.0 md.
Porosity range: 3.9-11.4 percent.

Depth 2,108-2,113 ft; gray-tan very finely to finely crystalline dolomite.
Air permeability range: 0.02-0.25 md.
Porosity range: 0.06-6.9 percent.

Depth 2,118-2,119 ft; gray-tan very finely crystalline slightly shaly dolomite.

Suite of 1 ft cores from petroleum-test well (table 11); from depths of 1,876.5-1935 ft.

Depth 1,876.5-1,882 ft; dark tan-gray silty limy very fine grained sandstone.
Air permeability range: 0.05-0.12 md.
Porosity range: 3.1-5.8 percent.

Depth 1,882-1,883 ft; dark gray very finely crystalline silty limestone.

Depth 1,883-1,888 ft; dark tan-gray silty limy very fine grained sandstone.
Air permeability range: 0.03-0.10 md.
Porosity range: 1.8-4.6 percent.

Depth 1,892-1,895 ft; dark tan-gray silty limy very fine grained sandstone.
Air permeability range: 0.3-0.4 md.
Porosity range: 1.0-3.6 percent.

Depth 1,899.5-1,903 ft; dark tan-gray silty limy very fine grained sandstone.
Air permeability range: 0.04-2.7 md.
Porosity range: 2.0-7.9 percent.

Depth 1,920-1,922 ft; dark tan-gray very finely crystalline silty limestone.
Air permeability range: 0.27-1.8 md.
Porosity range: 7.1-13.8 percent.

Depth 1,922-1,924 ft; dark tan-gray very finely crystalline silty dolomite.
Air permeability range: 0.75-1.1 md.
Porosity range: 10.1-10.8 percent.

Depth 1,924-1,927 ft; dark tan-gray very finely crystalline silty limestone.
Air permeability range: 0.03-0.04 md.
Porosity range: 1.1-1.9 percent.

Depth 1,927-1,928 ft; dark tan-gray very finely crystalline silty dolomite.

Depth 1,928-1,934 ft; Do.
Air permeability range: 0.07-0.77 md.
Porosity range: 4.8-9.0 percent. .

Depth 1,934-1,935 ft; dark gray-tan very finely crystalline dolomite.

Depth 1,936-1,937 ft; Do.

Samples from the Kaibab Limestone

(D-24-13)23cdc-l

30-51

52

Suite of 1 ft cores from petroleum-test well (table 11); from depths of 2,200-2,236 ft. Sam­
ples are variously anhydritic or conglomeritic and contain pyrite.

Depth 2,200-2,222 ft; gray to gray-tan very finely to finely crystalline dolomite.
Air permeability range: 0.01-0.06 md.
Porosity range: 0.4-2.4 percent.

Depth 2,222-2,223 ft; tan finely crystalline dolomite.
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Table 13.--Descriptions of rock samples analyzed for hydrologic properties and
grain-size distribution, and of samplin~ sites--Continued.

Location Sample No. Description

(lJ-24-13)23cdc-l
Continued

53- 59

60

61

62-65

Depth 2,223-2,230 ft; tan very finely to finely crystalline dolomite.
Air permeability range: 0.05-0.15 md.
Porosity range: 4.6-8.8 percent.

Depth 2,230-2,231 ft; tan very finely to finely crystalline dolomite.

Depth 2,231-2,232 ft; Do.

Depth 2,232-2,236 ft; Do.
Air permeability range- 0.06-1.9 md.
Porosity ran~e: 7 .4~9: 1 percent.

(0- 21 - 11 ) 25ddd-l

(lJ-21-11 )25ddd-2

UTSR-13

UTSR-13A
and

UTSR-13B

Weathered hand specimen from outcrop at east ed~e of scoured bare bottom of Cottonwood Draw and
west of nearby county road. Gray to tan, massive sandstone that has crust of desert varnisll.

Pair of core holes, about 1 ft apart, at site of UTSR-13. Cut 2.25-in. cores. Hole 13A, on
south, cut to depth of 2 ft and cased with sealed aluminum tubing for soil moisture measure­
ments. Hole 13B, on north, cut to depth of 0.5 ft. Sandstone was very hard.

UTSR-13A-1 Depth 0.0-0.15 ft.

UTSR-13B-l Depth 0.0-0.20 ft.

UTSR-13B-2 Depth 0.20-0.45 ft.

UTSR-13A-3 Depth 0.80-1.10 ft.

UTSR-13A-5 Depth 1.45-1.80 ft.

Thin-section description: medium sandstone; quartzarenite.

This sample is homogeneous, moderately sorted sandstone consisting of almost 100-percent
quartz. These grains generally are equant in shape and subrounded to subangular. Grain size
ranges from 0.04-0.46 mm. The moderately packed grains display concavo-convex and sutured
contacts.

The sample consists of monocrystalline quartz grains with straight or undulose extinction.
Rutile needles and zircon are common inclusions. Rare polycrystalline and composite grains
also are present.

Secondary quartz overgrowths cement the sample. Faint dust rims delineate these overgrowths
on a few grains. This cementation is incomplete, however, and remaining intergranular pore
space accounts for 12 percent of the sample.

Traces of microcline, plagioclase feldspar, muscovite. and calciteare found in the sample.

UTSR-13A-6 Depth 1.80-2.00 ft. Laboratory reported sample too hard to disaggregate for sieve analysis.

(D-23-11)27bca-l UTSR-23 Core hole in bare, weathered outcrop on slope southwest of abandoned petroleum-test well foun­
dation and east of county road; near top of the formation. Cut 2.25.-in. core to depth of 4.5
ft. Hole bottom in damp limestone that was very hard to cut. Hole cased with sealed aluminum
tubing for soil moisture measurements. Upper 1.2 ft not used for permeability determi~ation

because of natural vertical fracture.

(D-23-13)8cbc-l

UTSR-23-1

UTSR-23-4

UTSR-23-5

UTSR-23-6

UTSR-23-9

UTSR-12

Depth 0.0-0.1 ft. Used for soil carbonate determination.

Depth 1.45-2.10 ft.

Depth 2.10-2.50 ft.

Depth 2.50-2.85 ft.

Depth 3.70-4.15 ft.

Hand specimen from strongly weathered outcrop on terrace at west
and south of an abandoned petroleum-test well; on a jeep trail.
mation. White to gray sandstone that weathers to yellow color.
area, these weathered outcrops have irregular patches of bright
relate to localized iron concentration.

side of a flat-topped butte
Sample from near top of for­
Here and elsewhere in general

red color, which probably

Samples from rocks of Mississippian age

(D-25-13)12bac-l Suite of 1 ft cores from petroleum-test well (table 11); from a depth of 3,823-3,840 and
3,941-3,960 ft. All samples were very finely crystalline dolomite.
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Table 13.--Descriptions of rock samples analyzed for hydrologic properties and
grain-size distribution and of sampling sites--Continued.

Location Sample No. Description

Samples from rocks of Mississippian age.--Continued

(D-25-13)12bac-l
Continued

37-41

42

43-47

48

50

51-53

54-56

57-58

59-60

61-62

63-67 and
69-72

Depth 3,823-3,828 ft: light tan to tan: one section slightly vuggy.
Air permeability range: 0.17-0.70 md.
Porosity range: 7.2-12.2 percent.

Depth 3,828-3,829 ft; light tan.

Depth 3,829-3,834 ft; light tan; vertical fracture in lower 1 ft.

Depth 3,834-3,835 ft; tan, chalky; vertical fracture.

Depth 3,835-3,836 ft; Do.

Depth '\,836-3,837 ft; Do.

Depth 3,837-3,840 ft; Do.
Air permeability ranp,e: 0.23-0.43 md.
Poros i ty range: 11.3-13.2 percent.

Unsampled interval

Depth 3,941-3,944 ft; light tan to tan.
Air permeability range: 0.02-0.08 md.
Porosity range: 1.5-4.3 percent.

Depth 3,944-3,946 ft: tan.

Depth 3,946-3,948 ft; light tan to tan.

Depth 3,948-3,950 ft; tan.

Depth 3,950-3,960 ft; light tan.
Air permeability range: 0.02-0.07 md.
Porosity range: 4.6-8,3 percent.
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'~hle 14.--Selected chemical analyses of water sa1nples fro1n water

[Constituents are in milligrams per Liter unless otl1erwise noted;
Abhreviations: ft, feet; /?,al/min, gallons per minute; °c. degrees Celsius;

Loc;-ltion: See Cl'xt fur descriptinn of wpll- and spring-llIlmhpring system. S, well plugged hack; W, peLroleum-tpst well con-
verted t() or left fqr tJsp <-is watf~r w(·ll. Prefix R designate,.. half-rang£> east.

SOllrcl' of Wi-ltL'r: M, mine Sh:lft; P, rwtroll'lllll-l('st welt; ~). spring; '1', I-.est w(~11 or t:pst: holl'; W, will-pr wl'll.
Dafl': F, Sil1Ilpl"d frllill ll\H'f1-holp flow; P, silmplpd Ihrol1gh p(lck('r-. Nflll' - nill1lpll'~; I"rolll HlOSt. p{'l roll'lllll-II'HI wl'lls WPt·{, ctll-

I pct .. d hy Irll':111~; rd" p:lckl'r 1:('sf:.'L
AIl;IIYHI~1 hy: II.:;. (;I'olll/',i{';11 SllfVI'Y, (,xCi'pl <lll:tlyr:t'd llr r<'por-t('d by Cl,. COfl' 1.;lbor;ll()rit'~I. 111('.,1);111;1.'1; C(;I., C1IPllIic:11 ;\Ild
(;I'()l(jl~l(,ill 1,;IIHlr'dtori{'s. r:il~-qH'r; CSO, Citj('te\ Sl'rvic(' Oil Cn.; CTI., C:llifilflli:l 'l'l'st 1111'. 1.i1!>ornLoril'H, [nc., I.os Allg('Il'~i; Fl.,
Ford [,;t!Jor,t!()!'V, S,dt Lakl' City; MFS, Mountain Fl1vl Supply Co.; Pl., Pelpr,'HH) l.:thor:tlofY, S,dl 1..'lkl' City; IHI, Rps('rve Oi.l
,!Ild (;.tS Cn.; :;110, Sht~ll fli.1 Cu.; SO, Supprior Oil Co.; UH. tltah J)pp.irtmcnt of Health; VilA, VClllghn llanH(,ll Associ.i1Les, Salt
L:lh.' City.
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wells, springs, petroleum-test wells, and other test holes

e, estimated. m, presence of ion verified, but not quantified.
lJg/I., microgrfims per literj IJmhosjcm. micromhos per centimeter.]
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Loc;.Ition
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310

265

350

5,250

5,896

5,100

5,792

1-9-36 221CRML

4-23-59 221CRML

7-17-80 220NVJO

7-6-19 l11ALVM

7-17-49 324PRDX

S

5

T

W

P

23aad-S1

30aca-l

(D-22-9)8aca-Sl

(D-22-10)23cbc-l

(D-22-14)6bbc-51

(D-22-13)35bdc-2

35bcd-51

28dba-1

28ddd-l

31ddb-1

(D-22-16)2bba-l

2bbd-l
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wells, springs, petroleum-test wells, and other test holes.--Continued

M M U Hardness c
0 0 Dissolved constituents Dissolved solids ':,., as GaGO, 0
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::. '" 01 N ';;c U
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01 ~ 0
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U 0
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'" 01 U .,.~
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290

1,1,52 0 1,190
"l66 0 300

2 , 196 0 1,800
1,903 0 1,560

190

250

64

Il 1, hhO

o 1,650
o 3,610
o 2,380
o 3,050

VHA
VHA

VHA
VHA

8.2

7.4

6.8 ShO

2.3 8.4
2.5 VHA
5.6 VHA

3.4
5.4

.7 6.7

6.4
.5 7.2

4.1 7.7

.3 6.5

.1 6.9

.2 6.8

.4 7.2

1.3 6.8

.4 8.3

.1 8.2 UH

5.5 GL
5.0 GL

.5 6.4

5.2 7.2

3.2 6.6

5.6 7.1

1.6 7.7

.3 7.6 UH

4.0 7.4
4.4 7.4
4.9 7.8

.4 7.3

7.5 CL
7.0 CL

32 6.5

.3 7.8

.6 6.8

.9 7.0

.9

3.0
2.7

30

25

16

4,800
6,500

1,300

100

1,800

310
160

630
950

1,120
o

1,800

1,100
1,200

390

100

62

400
370
320
260

1,300

o 40

2,020

2,100

53

513
18

385

420

890

95
75

700

210

16,000
31,000

1,100

o
o

26

28,000

6,600
8,100

360

612

700
610
600
530

2,250

120

2,120

2,200

296

982
592
800

700

1,500

350

1,900

420
410

800
1,200

1,330
1,000
2,000

1,300
1,500

620

1,810

1,100

324
282

2,900

500

18,000
31,000

1,560

1,610
3,420

3,080

27,700

76,400

14,300

690

2,860

870
968

2,480
3,190

2,550
2,710
6,590

3,770
5,200

1,120

680
767

1,870

1,150
900

1,030
1,030

I, ,340

645

2,420
1,750
2,460

1,290

2,200

607
540

5,300

3,660

4,470

992

250,000
250,000

3,840

18,200
19,400
18,800
16,200

196,100

6,460

8,990

642

2,250

857

2,760

552
631

492

1,310

850
766
702
692

3,080

7,450

3,380

360

1,930
1,270
1,820

933

1,700

sm
4,080

·1,370

29,140
50,850

12,100

402

327,300
254,500

3,290

12,700
14,300

1,310

1,600
2,070

2,430
1,770
4,280

2,455
3,385

3,180

190
170

460

120

870

100

110

100
90

100
200

140

3,580

1,970
1,260
1,950

388

'),100

100

120

680

90

540

1,500

22,000 180,700 165,900

.40

0.10

.11l

.90

.00

.50

1.2
.90
.50

.2

.2

.2

.4

.5

.1

.3

.1

.Il

.8 5.8

.4

.4

.5

.2

1.0
.6

1.0

1 .5

.5

1.7 0.30

1.7

38
30

36
32
60

80
30

63 .4

9.9 1.7

215

12

72

16
9.1
9.2

14

20R

Hf>

59

8
11

110

1"12

1,200

120

8

45
45
70

35

95

4,670
4,370

16
13

16,190
28,970

520

14

54

160

450

380
380
290
290

320
800

8,000

100

1,900

260
260

970
1,300

1,430
1,060
2,870

1,520
2,140

370

1,310

1,530

240

2,400 196,400
300 155,000

1,910

2,360
2,410

112
86

830 101,000

935

3,800

2,200

73

1,040
472
934

450

980

1,200

1 , 1~O

~, ·HIIl

110
250

174
210

260

550

300
2/,0
280
270

960

460

180

280

250

229
206

95

190

243

469
574
415

209
2,320

170

210
330

280

2,200

o

o

o

o

o

o

212
256

6
o

116

220 0

295

572 0
700 0
506 0

o

670

232 11
2,830

207

256
402

1,170

700

561

2,010
4,400
2,900
3,720

~,020

'.HI 1"17 211,OOil 1,'iO,OOO ·167,000 210,000 53 C'I'L

'Jl'i o 600,000 397,000 3'i4,000 230,000 230,000 53 6.1 C'I'L
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Table 14.--Selected chemic"l iln"lyse" of water silmples from wilter
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.........
'"

1--;::::- -­
N
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'"

u
o

a
'-'

a
'-'

Sam ole Interval
a
'-'
'-'a
.0

tJ~....
or",
0'"..........
0.0

'" '"'-''-'

Date

H

'"'-'
'":.
"-'a

'"tJ
H

"a'"

Location

---·------,--,-r----,---:"'c----,--------·-,------,·---,-----·---------.--------... --------.--.----

'"'"~~
<OJ

'-'
.... 'D

" "" '"

3-21-73(D-22-16)25bbc-l

25ad-S

P 310CCNN
310PRMN
321HKTL
330MSSP

9-17-52 221ENRO

2,585
3,442
4,175
9,225

2,605
3,480
4,232
9,280

515
2,450
1,470
9,560

120
598
598

1,200

5,700
24,400
86,600
64,400

170
620
770

2,700

P 8- -58' 330MSSP

25dc-S

(D-22-17) 34bda-l

(D-23-8)21bdc-Sl

30bdb-Sl

(D-23-9)2ccb-l

S

S

S

W

9-17-52 221BRSB

7-18-79 221CRML

7-18-79 221CRML

8-12-71 310CCNN

10,050 10,170

690

5 e

10 e

9.0 250

642

9,760

216

96

112

.1

1,400

10

66,730

59

8.0

P

217

8,678 8,768

8,732 8,738

8,709 8,716

53

11
10

20

331

36

39

204

84,660

56,200

56,850

19
19

120

170

416

126

112

41
40

170

400
350

340
196

303

127

238
270

400
160

110
94

500

1,440 208 7,290

9,590 1,260 55,900

474 86 681
5,090 2,920 65,000

3,469 752

6,300 1,000

5,780 1,450

540

o
o

80

320
400

7.5

8.1
8.1

L•• 6
6.9

4 e 11.0
7.2 12.5

3.3

15 e 16.0 10

20 e 17.0
14 16.5

<1

30 e 15. a 10
100 e 15.0

700
700

2,197
2,265

460
450

110
205

7,500 7,702

8,530 8,715

2,510
8,4408,210

6- -61 330MSSP
7- -61 330MSSP

S 10-28-58 l11ALVM

S 10-31-58 231WNGT

W 10-31-58 230MNKP
7-19-79

T F 7-22-80 220NVJO
P 7-23-80

T 7-19-80 221CRML
7-19-80 221CRML

P 8-31-59 330MSSP

P 8-23-61 330MSSP

P 9- -61 310WTRM
10- -61 330MSSP

P 3- -61 330MSSP

P 12- -62 330MSSP

P 12- -62 330MSSP

28dbb-l

15dca-l

17dbc-l

36bdd-l

(D-23-10)9bbd-Sl

12ddd-l

(D-23-13)34dbd-Sl

(D-23-14)25bca-l

(D-23-15)21bab-l

(D-23-16)3bca-l

(D-23-17)15cba-l

17ada-l

(D-24-13)11adb-1S W 5-14-80 220JRSC

36dba-l W 5-13-80 200MSZC

W 7-11-56 220NVJO

60

10 e 14.5

11

16

7.7

17

8.2

100

273

28

9,660

16

35

75

5.0

62

46

150

47

66

60

66

86

30

230

130

110

300

230

78

170

150

560 1,070

125

229150

o

780

270

2,800

50

1,000

60

5.5

7.6

7.1

3.4

6.9

8.3

16

17.0

15.0

15.0

10

13

8

10 e 15.5

720

400

1,508

1 ,202

844

6,386

230

380

802

6,361

6-7-79 220NVJO

6-7-79 220NVJO

3-7-75 220NVJO

3-8-80 220NVJO

1-25-61 330MSSP

7-19-79 231CHNL

P

w

W

T

W

W

(D-24-14)21adb-l

(D-24-15)6caa-1S

(D-25-11)33dbd-l

(D-25-15)32cac-l

(D-26-11)9bbb-l

R(D-25-17)20daa-l

(D-24-9)5bcb-l

Includes 3 ~f;/L Li, 13 "f;/L Se, and 30 "f;/L Zn.
Includes 20 ~f;/L Zn.
Includes 2 ~f;/L As, 11 "!IlL Pb, 240 "!Ill. Li, 10 "",/L Se, and 20 "!IlL Zn.
Includes 2 "!IlL Pb, 70 "!IlL Li, 11 ~!l/L Sr, and 240 "!IlL Zn.
Includes 80 "!IlL Mn, and 20 ~!l/L Zn.
Includes 1.2 mp,/L Ba, 200 "!IlL Mn.
Includes 3 mf;/L H2S,
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wells, springs, petroleum-test wells, and other test holes.--Continued

-;;; -;;; u Hardness
"Dissolved solids as CaCO, 00 0 Dissolved constituents :,., ....u -;;; u
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670 123,700

270 59
8,400 115
6,100 481

28,000 165

1,840
207

73
451

495

257

o
o
o
o

o

o

1,510
170
60

370

406

211

1,550
2,850
3,500
1,200

8,000
42,000

136,000
121,000

22,200

202,900

17,000
73,000

229,000
200,000

24,400
95,700

224,000
200,000

33,700

7,980

1,800
8,600
6,100

29,000

2,000

30,280

1,590

30,000

14

7. 5 M],'S
7.4 MFS
8.1 MFS
6.6 MFS

6.5 SO

769 0

366 0

720 0
465 0

793

525

378

951 106,000

1,780 410
2,090 116,000

3,025 136,200

1,240 99,500

1 ,275 101,000

.3 <'01

3,570 3,260
7 3 ,060

6.9 CGL

.4 6.8

.4 6.6

1.2 6.7

.1 7.2 UH

.6 8.1

1.9 8.2
1.6 6.7

3.7 7.5 CL
6.7 7.0 CL

.4 8.4

7.7 CGL

6.5 CGL

6.5 CGL

2.0 7.2

.3 8.0

.4 7.4

.1 6.7

1.0 6.4

.8 7.0 FL

7.5 CGL

1.2 7.1 FL

5.5 CL

47

430

247

1,860
1,600

1,900
o

1,110

240
180

1,400

3,800

29,000 143 6.4 CGL

950 7.6 7.1 CGL
24,000 180 6.9 CGL

11,000

19,000

20,000

790

350

1,500

210

460

420

390

470

5,400

1,000

778

2,240
2,100

2,400
470

1,280

440
400

1,900

696

5,800

4,500

29,000

1,500
25,000

12,000

20,000

20,000

1,100

550

1,700

390

670

750

666

3,000

6,000

1,650

1,380

3,650
3,670

6,060
3,910

1,960

927
842

3,230
3,060

35,500

186,000

4,230
220,000

220,000

183,000

183,000

2,450

1,060

2,530

776

1,430

1,550

1,590

1,300

47,830

2,260

1,840

596
541

2,820

6 1,214

914

827

1,120

31,780

943

1,820

3,978

1,070

944

1,099

25,700 24,100

196,000 174,000

3,790 3,780
197,600 191,300

228,500

164,500

166,500

1,890

694

2,230

489

1,000

879

150

130
100

270

195

1,000

1,100

100

220

90

150

<10

.00

.16

.00

.00

.2

.40

.20

.10

.5

.2

.6

.9

.3

.3

.4

.5

.6

.2

.1

.2

1.0
1.1

6.0

93

2.9

29

4.7

25

26

68

14

24

81
93

1,350
284

14

5.7
6.0

11 ,700

4.0

15,050

412

285

2,100
1,800

900
1,000

1,120

280
230

1,600

3,090

400

990

360

1,500

230

530

394

615

5,000

576

531

381
530

)32

470
481

167

200
220

550

279

224

631

300

591
381

650

431

310

320

200

180

180

210

355

o

o
o

o

o
o

6

o

o

o

573
586

191

700

648

465

405

340

273

433
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*No.

No.

*No.

*No.

*No.

*No.

No.

*No.

No.

1 .

2.

3.

4.

5.

6.

7 .

8.

8.

PUBLICATIONS OF THE UTAH DEPARTMENT OF NATURAL RESOURCES,
DIVISION OF WATER RIGHTS

(*) -Out of Print

TECHNICAL PUBLICATIONS

Underground leakage from artesian wells in the Flowell area, near
Fillmore, Utah, by Penn Livingston and G. B. Maxey, U.S. Geo­
logical Survey, 1944.

The Ogden Valley artesian reservoir, Weber County, Utah, by H. E.
Thomas, U.S. Geological Survey, 1945.

Ground water in Pavant Valley, Millard County, Utah, by P. E.
Dennis, G. B. Maxey and H. E. Thomas, U. S. Geological Survey,
1946.

Ground water in Tooele Valley, Tooele County, Utah, by H. E.
Thomas, U. S. Geological Survey, in Utah State Engineer 25th
Biennial Report, p. 91-238, pls. 1-6, 1946.

Ground water in the East Shore area, Utah: Part I, Bountiful
District, Davis County, Utah, by H. E. Thomas and W. B. Nelson,
U•S. Geological Survey, in Utah State Engineer 26th Biennial
Report, p. 53-206, pls. 1-2, 1948.

Ground water in the Escalante Valley, Beaver, Iron, and Washington
Counties, Utah, by P. F. Fix, W. B. Nelson, B. E. Lofgren, and
R. G. Butler, U.S. Geological Survey, in Utah State Engineer 27th
Biennial Report, p. 107-210, pls. 1-10, 1950.

Status of developnent of selected ground-water basins in Utah, by
H. E. Thomas, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U.S.
Geological Survey, 1952.

Consunptive use of water and irrigation requirements of crops in
Utah, by C. O. Roskelly and W. D. Criddle, Utah State Engineer's
Office, 1952.

(Revised) Consunptive use and water requiranents for Utah, by
W. D. Criddle, Karl Harris, and L. S. Willardson, Utah State
Engineer's Office, 1962.

No.9.

*No. 10.

Progress report on selected ground water basins in Utah, by H. A.
Waite, W. B. Nelson, and others, U.S. Geological Survey, 1954.

A compilation of chanical q uali ty data for ground and surface
waters in Utah, by J. G. Connor, C. G. Mitchell, and others, U.S.
Geological Survey, 1958.

11 8



*No. 11.

*No. 12.

*No. 13.

*No. 14.

*No. 15.

*No. 16.

*No. 17 .

No. 18.

No. 19.

No. 20.

No. 21.

No. 22.

No. 23.

No. 24.

No. 25.

Ground water in northern Utah Valley, Utah: A progress report for
the period 1948-63, by R. M. Cordova and Seymour Subitzky, U.S.
Geological Survey, 1965.

Reevaluation of the ground-water resources of Tooele Valley, Utah,
by J. S. Gates, U.S. Geological Survey, 1965.

Ground-water resources of selected basins in southwestern Utah, by
G. W. Sandberg, U. S. Geologi.cal Survey, 1966.

Water-resources appraisal of the Snake Valley area, Utah and
Nevada, by J. W. Hood and F. E. Rush, U. S. Geological Survey,
1966.

Water fran bedrock in the Colorado Plateau of Utah, by R. D.
Feltis, U.S. Geological Survey, 1966.

Ground-water conditions in Cedar Valley, Utah County, Utah, by
R. D. Feltis, U.S. Geological Survey, 1967.

Ground-water resources of northern Juab Valley, Utah, by L. J.
Bjorklund, U.S. Geological Survey, 1968.

Hydrologic reconnaissance of Skull Valley, Tooele County, Utah, by
J. W. Hood and K. M. Waddell, U.S. Geological Survey, 1968.

An appraisal of the quality of surface water in the Sevier Lake
basin, Utah, by D. C. Hahl and J. C. Mundorff, U. S. Geological
Survey, 1968.

Extensions of streamflow records in Utah, by J. K. Reid, L. E.
Carroon, and G. E. Pyper, U.S. Geological Survey, 1969.

Sunrnary of maximun discharges in Utah streams, by G. L. Whitaker,
U.S. Geological Survey, 1969.

Reconnaissance of the ground-water resources of the upper Fremont
River valley, Wayne County, Utah, by L. J. Bjorklund, U.S.
Geologi cal Survey, 1969.

Hydrologic reconnaissance of Rush Valley, Tooele County, Utah, by
J. W. Hood, Don Price, and K. M. Waddell, U.S. Geological Survey,
1969.

Hydrologic reconnaissance of Deep Creek valley, Tooele and Juab
Counties, Utah, and Elko and White Pine Counties, Nevada, by J. W.
Hood and K. M. Waddell, U.S. Geological Survey, 1969.

Hydrologic reconnaissance of Curlew Valley, Utah and Idaho, by
E. L. Bolke and Don Price, U.S. Geological Survey, 1969.

1 19



No. 26.

No. 27.

No. 28.

No. 29.

No. 30.

No. 31.

No. 32.

Hydrologic reconnaissance of the Sink Valley area, Tooele and Box
Elder Counties, Utah, by Don Price and E. L. Bolke, U.S.
Geological Survey, 1970.

Water resources of the Heber-Kcmas-Park Ci ty area, north-cen tral
Utah, by C. H. Baker, Jr., U. S. Geological Survey, 1970.

Ground-water conditions in southern Utah Valley and Goshen Valley,
Utah, by R. M. Cordova, U.S. Geological Survey, 1970.

Hydrologic reconnaissance of Grouse Creek valley, Box Elder
County, Utah, by J. W. Hood and Don Price, U.S. Geological Survey,
1970.

Hydrologic reconnaissance of the Park Valley area, Box Elder
County, Utah, by J. W. Hood, U.S. Geological Survey, 1971.

Water resources of Salt Lake County, Utah, by A. G. Hely, R. W.
Mower, and C. A. Harr, U.S. Geological Survey, 1971.

Geology and water resources of the Spanish Valley area, Grand and
San Juan Counties, Utah, by C. T. Sumsion, U.S. Geological Survey,
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No. 33. Hydrologic reconnaissance of Hansel
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W. Hood, U.S. Geological
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Summary of water resources of Salt Lake County, Utah, by A. G.
Hely, R. W. Mower, and C. A. Harr, U.S. Geological Survey, 1971.

Ground-water conditions in the East Shore area, Box Elder, Davis,
and Weber Counties, Utah, 1960-69, by E. L. BoIke and K. M.
Waddell, U.S. Geological Survey, 1972.

Ground-water resources of Cache Valley, Utah and Idaho, by L. J.
Bjorklund and L. J. McGreevy, U.S. Geological Survey, 1971.

Hydrologic reconnaissance of the Blue Creek Valley area, Box Elder
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Survey, 1972.

Hydrologic reconnaissance of the Pranontory Mountains area, Box
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water, by R. W. Mower and R. M. Cordova, U.S. Geological Survey,
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Idaho, by C. H. Baker, Jr., U.S. Geological Survey, 1974.
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J. C. Mundorff, U.S. Geological Survey, 1974.
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Estimating mean streamflow in the Duchesne River basin, Utah, by
R. W. Cruff, U.S. Geological Survey, 1974.
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Geological Survey, 1976.
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R. W. Cruff and R. W. Mower, U.S. Geological Survey, 1976.

Characteristics of aquifers in the northern Uinta Basin area, Utah
and Colorado, by J. W. Hood, U.S. Geological Survey, 1976.
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Seepage study of the Sevier Valley-Pi ute Canal, Sevier County,
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Hydrologic reconnaissance of the Dugway Valley-Government Creek
area, west-central Utah, by J. C. Stephens and C. T. Sumsion, U.S.
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Reconnaissance of chemical quality of surface water and fluvial
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Ground-water conditions in Tooele Valley, Utah, 1976-78, by A. C.
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Reconnaissance of the quality of surface water in the San Rafael
River basin, Utah, by J. C. Mundorff and Kendall R. Thompson, U.S.
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Hydrology of the Beryl-Enterprise area, Escalante Desert, Utah,
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Seepage study of the Sevier River and the Central Utah, McIntyre,
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basin, Utah, by K. R. Thompson, U.S. Geological Survey, 1984.
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Arnow, U.S. Geological Survey, 1965.

Ground water in Tooele Valley, Utah, by J. S. Gates and O. A.
Keller, U.S. Geological Survey, 1970.

BASIC-DATA REPORTS

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

Records of selected wells and springs, selected drillers' logs of
wells, and chemical analyses of ground and surface waters,
northern Utah Valley, Utah County, Utah, by Seymour Subitzky, U.S.
Geological Survey, 1962.
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Sevier, and Piute Counties, Utah, by C. H. Carpenter and R. A.
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by I. W. Marine and Don Price, U.S. Geological Survey, 1963.
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Ground-water data, parts of Washington, Iron, Beaver, and Millard
Counties, Utah, by G. W. Sandberg, U.S. Geological Survey, 1963.
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Selected hydrologic data, upper Sevier River basin, Utah, by C. H.
Carpenter, G. B. Robinson, Jr., and L. J. Bjorklund, U.S. Geo­
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Ground-water data, Sevier Desert, Utah, by R. W. Mower and R. D.
Feltis, U.S. Geological Survey, 1964.

Quality of surface water in the Sevier Lake basin, Utah, by D. C.
Hahl and R. E. Cabell, U.S. Geological Survey, 1965.

Hydrologic and climatologic data, collected through 1964, Salt
Lake County, Utah, by W. V. Iorns, R. W. Mower, and C. A. Horr,
U.S. Geological Survey, 1966.

Hydrologic and climatologic data, 1965, Salt Lake County, Utah, by
W. V. Iorns, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1966.

Hydrologic and climatologic data, 1966, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1967.

Selected hydrologic data, San Pitch River drainage basin, Utah, by
G. o. Robinson, Jr., U.S. Geological Survey, 1968.

Hydrologic and climatologic data, 1967, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1968.

Selected hydrologic data, southern Utah and Goshen Valleys, Utah,
by R. M. Cordova, U.S. Geological Survey, 1969.

Hydrologic and climatologic data, 1968, Salt Lake County, Utah, by
A. G. Hely, R. W. Mower, and C. A. Horr, U.S. Geological Survey,
1969.

Quality of surface water in the Bear River basin, Utah, Wyoming,
and Idaho, by K. M. Waddell, U.S. Geological Survey, 1970.
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Daily water-tEmperature records for Utah streams, 1944-68, by
G. L. Whitaker, U.S. Geological Survey, 1970.

Water-quality data for the Fleming Gorge area, Utah and Wyaning,
by R. J. Madison, U.S. Geological Survey, 1970.

Selected hydrologic data, Cache Valley, Utah and Idaho, by L. J.
McGreevy and L. J. Bjorklund, U.S. Geological Survey, 1970.

Periodic water- and air-tEmperature records for Utah streams,
1966-70, by G. L. Whitaker, U.S. Geological Survey, 1971.

Selected hydrologic data, lower Bear River drainage basin, Box
Elder County, Utah, by L. J. Bjorklund and L. J. McGreevy, U.S.
Geological Survey, 1973.

Water-quality data for the Fleming Gorge Reservoir area, Utah and
Wyaning, 1969-72, by E. L. BoIke and K. M. Waddell, U.S. Geologi­
cal Survey, 1972.

Streamflow characteristics in northeastern Utah and adjacent
areas, by F. K. Fields, U.S. Geological Survey, 1975.

Selected hydrologic data, Uinta Basin area, Utah and Colorado, by
J. W. Hood, J. C. Mundorff, and Don Price, U.S. Geological Survey,
1976.

Chanical and physical data for the Fleming Gorge Reservoir area,
Utah and Wyaning, by E. L. BoIke, U.S. Geological Survey, 1976.

Selected hydrologic data, Parowan Valley and Cedar City Valley
drainage basins, Iron County, Utah, by L. J. Bjorklund, C. T.
Sumsion, and G. W. Sandberg, U.S. Geological Survey, 1977.

Climatologic and hydrologic data, southeastern Uinta Basin, Utah
and Colorado, water years 1975 and 1976, by L. S. Conroy and F. K.
Fields, U. S. Geologi cal Survey, 1977.

No. 30. Selected ground-water
Vall ey , wes tern Utah,
1977.

data, Bonneville Salt Flats and Pilot
by G. C. Lines, U.S. Geological Survey,

No. 31.

No. 32.

No. 33.

Selected hydrologic data, Wasatch Plateau-Book Cliffs coal-fields
area, Utah, by K. M. Waddell and others, U.S. Geological Survey,
1978.

Selected coal-related ground-water data, Wasatch Plateau-Book
Cliffs area, Utah, by C. T. Sumsion, U.S. Geological Survey, 1979.

Hydrologic and climatologic data, southeastern Uinta Basin, Utah
and Colorado, water year 1977, by L. S. Conroy, U.S. Geological
Survey, 1979.
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Hydrologic and climatologic data, southeastern Uinta Basin, Utah
and Colorado, water year 1978, by L. S. Conroy, U. S. Geological
Survey, 1980.

Ground-water data for the Beryl-Enterprise area, Escalante Desert,
Utah, by R. W. Mower, U.S. Geological Survey, 1981.

Surface-water and climatologic data, Salt Lake County, Utah, Water
Year 1980, by G. E. Pyper, R. C. Christensen, D. W. Stephens, H.
F. McCormack, and L. S. Conroy, U.S. Geological Survey, 1981.

Selected ground-water data, Sevier Desert, Utah, 1935-82, by
Michael Enright and Walter F. Holmes, U.S. Geological Survey,
1982.

Selected hydrologic data, Price River Basin, Utah, water years
1979 and 1980, by K. M. Waddell, J. E. Dodge, D. W. Darby, and S.
M. Theobald, U.S. Geological Survey, 1982.

Selected hydrologic data for Northern Utah Valley, Utah, 1935-82,
by Cynthia L. Appel, David W. Clark, and Paul E. Fairbanks, U.S.
Geological Survey, 1982.

Surface water and climatologic data, Salt Lake County, Utah, water
year 1981, with selected data for water years 1980 and 1982, by H.
F. McCormack, R. C. Christensen, D. W. Stephens, G. E. Pyper, J.
F. Weigel, and L. S. Conroy, U.S. Geological Survey, 1983.

Selected hydrologic data, Kolob-Alton-Kaiparowits coal-fields
area, south-central Utah, by Gerald G. Plantz, U.S. Geological
Survey, 1983.
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Plan of work for the Sevier River Basin (Sec. 6, P. L. 566), U.S.
Department of Agriculture, 1960.

Water production fran oil wells in Utah, by Jerry Tuttle, Utah
State Engineer's Office, 1960.

Ground-water areas and well logs, central Sevier Valley, Utah, by
R. A. Young, U.S. Geological Survey, 1960.

Ground-water investigations in Utah in 1960 and reports published
by the U.S. Geological Surveyor the Utah State Engineer prior to
1960, by H. D. Goode, U.S. Geological Survey, 1960.

Developing ground water in the central Sevier Valley, Utah, by R.
A. Young and C. H. Carpenter, U.S. Geological Survey, 1961.
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Work outline and report outline for Sevier River basin survey,
(Sec. 6, P. L. 566), U.S. Department of Agriculture, 1961.

Relation of the deep and shallow artesian aquifers near Lynndyl,
Utah, by R. W. Mower, U.S. Geological Survey, 1961.
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Effects on the shallow artesian aquifer of withdrawing water from
the deep artesian aquifer near Sugarville, Millard County, Utah,
by R. W. Mower, U.S. Geological Survey, 1963.

Amendments to plan of work and work outline for the Sevier River
basin (Sec. 6, P. L. 566), U.S. Department of Agriculture, 1964.

Test drilling in the upper Sevier River drainage basin, Garfield
and Piute Counties, Utah, by R. D. Feltis and G. B. Robinson, Jr.,
U.S. Geological Survey, 1963.

Water requirements of lower Jordan River, Utah, by Karl Harris,
Irrigation Engineer, Agricultural Research Service, Phoenix,
Arizona, prepared under informal cooperation approved by Mr. W. W.
Donnan, Chief, Southwest Branch (Riverside, California) Soil and
Water Conservation Research Division, Agricultural Research
SerVice, U.S.D.A., and by W. D. Criddle, State Engineer, State of
Utah, Salt Lake City, Utah, 1964.

Consunptive use of water by native vegetation and irrigated crops
in the Virgin River area of Utah, by W. D. Criddle, J. M. Bagley,
R. K. Higginson, and D. W. Hendricks, through cooperation of Utah
Agricul tural Experiment Station, Agricultural Research Service,
Soil and Water Conservation Branch, Western Soil and Water
Management Section, Utah Water and Power Board, and Utah State
Engineer, Salt Lake City, Utah, 1964.

Ground-water conditions and related water-actninistration problems
in Cedar City Valley, Iron County, Utah, February, 1966, by J. A.
Barnett and F. T. Mayo, Utah State Engineer's Office.

Sunmary of water well drilling activities in Utah, 1960 through
1965, compiled by Utah State Engineer's Office, 1966.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by O. A. Keller, U.S. Geological Survey, 1966.

The effect of pun ping large-discharge wells on the ground-water
reservoir in southern Utah Valley, Utah County, Utah, by R. M.
Cordova and R. W. Mower, U.S. Geological Survey, 1967.

Ground-water hydrology of southern Cache Valley, Utah, by L. P.
Beer, Utah State Engineer's Office, 1967.
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Fluvial sediment in Utah, 1905-65, A data compilation by J. C.
Mundorff, U.S. Geological Survey, 1968.

Hydrogeology of the eastern portion of the south slopes of the
Uinta Mountains, Utah, by L. G. Moore and D. A. Barker, U. S.
Bureau of Reclanation, and J. D. Maxwell and B. L. Bridges, Soil
Conservation Service, 1971.

*No. 22. Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. LaPray, U.S. Geological Survey, 1972 .

*No. 23. Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. La Pray , U.S. Geological Survey, 1975.

No. 24.

No. 25.
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A water-land use managanent model for the Sevier River Basin,
Phase I and II, by V. A. Narasimham and Eugene K. Israelsen, Utah
Water Research Laboratory, College of Engineering, Utah State
University, 1975.

A water-land use managanent model for the Sevier River Basin,
Phase III, by Eugene K. Israelsen, Utah Water Research Laboratory,
College of Engineering, Utah State University, 1976.

Test drilling for fresh water in Tooele Valley, Utah, by K. H.
Ryan, B. W. Nance, and A. C. Razan, Utah Department of Natural
Resources, 1981.

Bibliography of U.S. Geological Survey Water-Resources Reports for
Utah, compiled by Barbara A. LaPray and Linda S. Hanblin, U.S.
Geological Survey, 1980.
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