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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 significCi.n i

- 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.

Inch-pound Metric

Unit Abbreviation Unit Abbreviation
(Multiply) (by) (to obtain)

Acre 0.4047 Square hectometer hm2

0.004047 Square kilometer km2

Acre-foot acre-ft 0.001233 Cubic hectometer h~3
1233 Cubic meter m

Cubic foot ft 3/s 0.02832 Cubic meter per m3/s
per second second

Foot ft 0.3048 Meter m
Foot per mile ftlmi 0.1894 Meter per kilometer m/km
Gallon per gal/min 0.06309 Liter per second L/s

minute
Inch in. 25.40 Millimeter mm

2.540 Centimeter cm
Mile mi 1.609 Kilometer k~
Square foot ft2 0.0929 Square meter m
Square mile mi 2 2.590 Square kilometer km2

Chemical concentration and water temperature are given only in metric
units. Chemical concentration is given in milligrams per liter (mg/L) or
micrograms per liter (llg/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
equivalent to 1 milligram per liter. For concentrations less than 7,000
milligrams per liter, the numerical value is about the same as for concen
trations in the inch-pound unit, parts per million.

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.
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BEDROCK AQUIFERS IN THE LOWER DIRTY DEVIL RIVER BASIN AREA, UTAH,
WITH SPECIAL EMPHASIS ON THE NAVAJO SANDSTONE

by

J. W. Hood and T. W. Danielson
Hydrologists, U.S. Geological Survey

ABSTRACT

The lower Dirty Devil River basin area in southeastern Utah has an area
of about 4,300 square miles (11,140 square kilometers) and ranges in altitude
from about 3,700 to more than 11,000 feet (1,130 to 3,350 meters) above mean
sea level. Precipitation, the main source of water in the area, ranges from
slightly less than 6 inches (152 millimeters) per year in the lowlands to more
than 30 inches per year (762 millimeters) in the Henry Mountains and along the
western boundary.

Rocks that crop out in or underlie the area range from the Precambrian
to the Holocene in age. The thickness of the composite section of sedimentary
rocks ranges from about 7,300 feet (2,200 meters) to about 23,000 feet (7,000
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 or their known locally large yields to wells. The
chemical quality of the water in these aquifers ranges from fresh to briny.

The permeability of the aquifers in the area is affected by folding,
faulting, and igneous intrusion. These geologic processes have locally
enhanced ground-water circulation by fracturing or impeded circulation by
offsetting permeable beds or sealing some zones with rocks of lower per
meability.

The total hydrologic system in the lower Dirty Devil River basin has
estimated long-term average annual inflow and outflow of about 1.6 million
acre-feet (1,970 cubic hectometers), of which about 1.55 million acre-feet
(1,910 cubic hectometers) is derived from precipitation. An estimated 96
percent of the water available to the area is consumed by evapotranspiration.

The estimated gross annual average ground-water recharge is 34,000 acre
feet (42 cubic hectometers), of which 5,000 acre-feet (6.2 cubic hectometers)
recharges the Navajo Sandstone. Recoverable fresh to moderately saline water
stored in the Navajo, Wingate, and Coconino Sandstones is estimated to be 210
million acre-feet (259,000 cubic hectometers), of which 89 million acre-feet
(110,000 cubic hectometers) is stored in the Navajo alone.

Long-term large withdrawals from the Navajo Sandstone are feasible.
Withdrawal of 12,000 gallons per minute (757 liters per second) over a period
of about 36 years probably would diminish the amount of water in storage by
less than 1 percent. The withdrawals would eventually diminish the average
annual discharge of the Dirty Devil River by possibly as much as 13 cubic feet
per second (0.37 cubic meter per second). A change of this magnitude on the
flow of the Colorado River would be too small to measure.



INTRODUCTION

This report presents the results of a study of bedrock aquifers in the
lower Dirty Devil River basin 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 carried out during July
1975-September 1977.

The principal objectives of this study were to determine (1) well yields
of the bedrock formations, (2) the capability of formations to yie'd. over the
long term, water chemically suitable for presently (1977) known uSG~, and (3)
effects of withdrawal from wells on the surface-water supply in the Colorado
River basin. Implicit in these objectives is a general definition of the
hydrologic system in the project area.

The area studied comprises about 4,300 mi 2 (11,140 km2)--ab~ut 3,200 m~2
(8,290 km2 ) within the Dirty Devil River basin and about 1,100 mi (2,850 km )
between the Dirty Devil River basin and the Green River (pl. 1). Most of the
area was studied by reconnaissance methods. The more detailed work was done
principally in the west-central part of the area. Interpretation of con
ditions near the Green River from the Orange Cliffs to the eastern San Rafael
Desert and the upper part of the MUddy Creek basin is based only on pre
existing data.

Fieldwork included the accumulation of data on wells, springs, and the
chemical quality of ground water, aquifer testing (mainly near Caineville),
test drilling, infiltration studies of the Navajo Sandstone, and miscellaneous
measurements of streamflow at selected sites.

Analyses in the office included computation of aquifer coefficients for
the Navajo Sandstone (Hood and Danielson, 1979), and evaluation of the
infil tration studies of the Navajo Sandstone and digital modeling of the
Navajo Sandstone aquifer. The digital model was constructed using the methods
of Trescott, Pinder, and Larson (1976). Simplifying assumptions included the
use of a uniform value for hydraulic conductivity and restriction of the model
to those parts of the area where the Navajo is fully saturated or nearly so.
Because few data are available and time for model development was limited, the
model is considered to be a reasonable representation of the hydrologic system
only for the part of the study area west of Muddy Creek and the Dirty Devil
River. The model could not be calibrated because of a lack of water-level
data, both areally and over time. However, the model was useful in guiding
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
set an approximate value on the areal hydraulic conductivity of the Navajo.
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The lower Dirty Devil River basin area reaches from the arid
canyonlands, about 3,700 ft (1,130 m) above mean sea level, where Lake Powell
inundates the mouth of the Dirty Devil River canyon, to 7,921 ft (2,414 m) in
the San Rafael Swell, and to more than 11,000 ft (3,350 m) in the Henry
Mountains and along the drainage divide that marks the western edge of the
study area. Within this diverse area, the population is sparse, being
concentrated mainly along the Fremont River. Most of the area is given over
to grazing and recreation; some mining and much petroleum exploration hQS been
done. CuI tivated crops are limited to small tracts, mainly along the Fr~mont

River from the Teasdale area to Hanksville. For a more thorough discussion of
economic geography of the project area, see Hunt (1953, p. 10-?6) and Utah
Division of Water Resources (1975, p. 32-37).

Records of data used in this report are given in tables 2 and 5-14. The
locations of all data sites mentioned in this report are shown on plate 1.

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 the officials and technical staff of the Intermountain Power Project
(IPP) who cooperated in ground-water studies near Caineville, to Mr. R. V.
Hunt of Hanksville, whose intimate knowledge of the area assisted in finding
watel' sources and little-known routes of access to remote areas, and to Mrs.
Barbara Ekker, the local observer at Hanksville for the National Weather
Service, who lent copies of her daily records and assisted in special
observations for the project.

Published information on the geology of the study area is abundant. The
principal references used for description of the geology are Baker (1946),
Gilluly (1929), Hunt (1953), and Smith, Huff, Hinrichs, and Luedke (1963).
Their mapping, as modified by others, has been summarized by Stokes (1964) and
subsequently by Williams and Hackman (1971). Because of the extensive search
for petroleum and uranium in the region, numerous other studies are available
tha t range from broad regional analyses, such as that by Newman (1962), to
more localized detailed studies like that of Hawley, Robeck, and Dyer (1968).

Published information on water in the study area is less abundant. A
report by Hood and Danielson (1979) pertains to specific aspects of the study
described by this report. Mundorff (1979) discusses the quality of surface
water in the Dirty Devil River basin. Several other references cited in this
report apply to specific parts of the area or include it as a part of larger
regional studies. They are Price and Arnow (1974), Feltis (1966), Iorns,
Hembree, Phoenix, and Oakland (1964), Iorns, Hembree, and Oakland (1965),
Marine (1962), Mundorff (1971), and Price and Waddell (1973). The study
immediately adjoins or overlaps parts of areas described by Bjorklund (1969),
Goode and Olson (1977), Waddell, Vickers, Upton, and Contratto (1978), and
Waddell, Contratto, Sumsion, and Butler (1980).
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The term permeability is used in this report to denote the relative ease
with which a water-bearing formation can transmi~ water. The specific measure
of permeability is hydraulic conductivity (K)'. The following ranges of
measured or estimated hydraulic conduetivity are used in this report:

Range

Very low
Low
Moderate
H:Lgh
Ver'y htgh

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 rE'P01,t 'co cla:3sify water according to the
concentration of dissolved solids, i~ milligrams per liter, are as follows:

Fresh

Saline

BrIny

31 ightJ Y sa]:i ne
Moderately saline
Very saline

LeSc3 than 1, 000
1,000-3,000

3,000- 10,000
10,000-35,000

More than 35,000

Data-site. numbering s..Y.~te!E-~

Well-, spring-, and miscellaneous-site numbering system

The system of numbering wells and spri ngs 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, de~:cribes 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-quarter section, and the quarter-quarter-quarter section--generally 10

lThe hydraulic conductivity .-LI<;.!_ 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 K are cubic feet per
day per square foot [(ft3/d)ft 2J, 1'1hioh reduceE: to ft/d. The term hydraulic
conductivity replaces the term fieJ d 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
permeabiJity to the equivalent value of hydraulic conductivity, divide by
7.48; to convert from hydraulic conductivity to coefficient of permeability,
multiply by 7.48.

5



acres (4 hm2); 1 the letters a, b, c, and d indicate, respectively, the
northeast, northwest, southwest, and southeast quarters of each subdivision.
The number after ~e letters is the serial number of the well or spring within
the la-acre (4-hm ) tract; the letter liS" 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-28-8)29cdc-l designates the first well constructed or visited in the
SW~SE~SW~ sec. 29, T. 28 S., R. 8 E., and (D-28-7)11cdb-Sl designates a spring
in the NW~SE~SW~ sec. 11, T. 28 S., R. 7 E. The numbering sys cern is
illustrated in figure 2. Other sites where hydrologic data were collected are
numbered in the same manner, but no serial number is used. Thus, in table 11
location (D-27 -4) 36dca is a tensiometer site in the NEitSWitSEit .o:;e(;" l6, T. 27
S., R. 4 E.

Surface-water-site numbering system

Surface-water gaging stations, '\-There continuous records are availabl e,
are numbered in downstream order; for descriptions of this system, see U. S.
Geological Survey (1977, p. 9). In this report, the part number (09) and the
ending sequence number are deleted. Thus, the gaging station on the Fremont
River near Bicknell, 09330000, is numbered 3300. Sites of miscellaneous
measurements are numbered sequentially, as shown in table 5.

GEOLOGIC SETTING

Formations and their hydrologic characteristics

Rocks that crop out in or underlie the lower Dirty Devil River basin
area range in age from Precambrian to Holocene (pl. 2 and table 1). Most of

. the sedimentary formations exhibit substantial variations in lithology due
mainly to different depositional conditions, and in thickness due to
depositional conditions and to the events that followed deposition. The
composite section of sedimentary rocks in the area has a maximum thickness of
about 23,000 ft (7,000 m) and a minimum thickness of about 7,300 ft (2,200 m).

All the formations in the geologic section contain some ground 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
formations can be evaluated only from well drilling, aquifer testing at wells,
chemical analyses 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 1.

lAlthough the basic land unit, the section, is theoretically 1 mi2 (2.6
km2) , many sections are irregular. Such sections are subdivided into 10-acre
(4-hm2) tracts, generally beginning at the southeast corner, and the surplus
or shortage is taken up in the tracts along the north and west sides of the
section.
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Figure 3.--View southward from the NW~NW~SW~ sec. 27,
T. 27 S., R. II Eo, on State Highway 24- showing sand
stone and siltstone of the Entrada Sandstone partly
covered with dune sand. The thin white bed (arrow)
in bluff, one of several markers that persist for
miles, consists of a fine-grained white sandstone be
tween two layers of sandstone with a dense ferruginous
cement. The dunes in this area can rapidly absorb
water from heavy thunderstorms and retain the water
long enough to provide local recharge to the under
lying bedrock. A thunderstorm hangs over the Henry
Mountains in background.

Of the geologic units listed in table 1, five are considered to be major
aquifers because of their large areal extent or thickness or their known
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 lithologic units are considered locally important aquifers, but they are
restricted in potential development owing to their thinness, distribution, or
chemical quality of water. They include unconsolidated older alluvium and
terrace deposits, the Emery and Ferron Sandstone Members of the Mancos Shale,
the Salt Wash Sandstone Member of the Morrison Formation, and the Carmel
Formation.

The Carmel Formation has a special importance to the ground-water
hydrology of the lower Dirty Devil River basin area for several reasons.
First, it is widely exposed in the area, both east and west of the San Rafael
Swell, and can receive direct recharge. Second, it overlies the Navajo
Sandstone, and locally can give up water to or receive water from the Navajo.

8



Figure ~.--View northward from Fremont River falls in
the SE~SW~NE~ sec. 16, T. 29 S., R. 7 E., on State
Highway 2~, showing joints or fractures (F) in Navajo
Sandstone and Carmel Formation. Top of Navajo Sand-
stone underl ies red shale bed (R), basal sandstone
(S), and limestone (L) of Carmel Formation. The red
shale is about 10 feet (3 m) thick.

Third, the formation contains large quantities of evaporites--mainly gypsum
and some salt--which contribute to the deterioration of the chemical quality
of both ground and surface waters in the area. The Carmel Formation locally
is a good aquifer, yielding as much as 3 ft3/ s (0.08 m3/s) of water to
individual wells. (See Hood and Danielson, 1979, tables 9 and 11.) However,
most discharges from wells and springs in the Carmel Formation range from
seepage to about 20 gal/min (1.3 L/s).

Structure and other factors that affect hydrology

Folding, faulting, and igneous intrusion are the principal recognizable
factors that alter the permeability of consolidated rocks in the study area.
Secondary factors include the movement of gypsum, either by solution or
differential pressure on the rock, and the development of cavernous zones in
limestone.

The principal structural feature that distorts the rocks is the large
monocline that trends southward through the area and includes both the San
Rafael Swell and the Water pocket Fold. The monocline developed mainly as a
result of horizontal compression from the west. (See Kelley, 1955, fig. 10.)
In the Thousand Lake Mountain area, essentially horizontal beds of the Navajo
Sandstone crop out at an altitude of 9,100 ft. (2,774 m). The beds are bent
down along the Water pocket Fold to the extent that they are at or near sea
level along the axis of the Henry Mountain structural basin. (See pIs. 2 and

9
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Table l.--Description of geologic units known to underlie parts of the lower Dirty Devjl River basin area

(;eologic unit: 'rtle codes shown by or below unit names (as well as in the colunms for I';rathem, System. and Series) are used to identi.fy aquifers, formations. or other
geologic units listed in table 2, 6-8, 12. and 13. '!he code consists of three numbers generally ranked according to increasing age and a four-letter mnemonic abbrevia-

c~;~:c~~rt~~ :~~r7:~e~nd~~~r~~~~~\~:r:~~;;is~~~~:ofs~:n~;~~cf~~edesCriPtion of data-sf te numbering systems. Location of data sites are shown on plate L
HydroltJgic characteristics: Ranges of permeability and salinity are defined on ri1ge S. Interpretations of chemical quality ot water are based on analyses in tables 12

;md 1) or nn known lithologic characteristics of formations. RanKes of permeability are partly based on estimates of hydraulic conductivity as given in table 2.

Geologic unit Hydrologic ch.,.eteri.tics

Low to high permeability. In many areas, these de
posits are not saturated, but in some stream valleys
are part of the deposits that yield water to shallow
wells and are less permeable than the underlying
older alluvium or valley fill. Dune sand is a good
recharge medium but only locally stores water. Land
slide deposits, because of poor sortin~, have low
permeability but locally mi.ght yield l'nougl water to
supply domestic wells or support ~prinKftow. Talus
deposits (fig. 19) generally are above the water
table but are good recharge media for other under
lying formations. Colluvium "lelds Wa.t"T to springs
in the highlands of the Henry Milt! . lins alld the
western mountains. '['he upper p ,eL uf terrace de
posits generally is tl good recharge meuium. Chemical
quality of water in most of the younger deposits is
variable depending on the sources of debris making
up the deposit. Generally, the watPT is fresh in the
mountains and saline in the lower desert areas.

Surficial deposits of clay, silt, sand, gravel,
and angular blocks. Along stream valley. young
alluvium is often well-sorted. but generally is
fine grained and 20 feet or less thick. Dune
sand generally is 8 wl!!ill-sorted veneer 6 to 20 feet
thick; principal area of occurrence is in the San
Rafael Desert northeast of Hanksville. (See fig.
J.) Landslide and talus deposits are found only
in higher areas of Henry Mountains and the western
mountain area (see Smith and others. 1963. p. 51).
Landslides are chaotic mixtures of .fIoila and other
fine-grained debris. blocks of rock and other
materials of indeterminate thickness. Talus de
posits are accumulations of angular blocks at the
bottoms of cliffs and steep slopes. Colluvial de
posits in mountain areas are locally mixed with
alluvium; the grains are generally smaller than
that of landslide deposits and better sorted.
Gravel surfaces are the upper parts of terrace de
posits and pediments. which include older sediments .

Younger alluvium (lllALVM) , dune
sand and other windblown de
posits (llIDUNE), landslide and
talus deposits (lllLDLD). upper
parts of colluvium (llICLVM).
and gravel surfaces (llOPTOD)

.l!
-:; l--o~l;-;d:::e::-r-:':-;I-;'lu::V':';i::u:-m-(;';I-;'I:;:2A;';L~VM::-):-.-:-CO':"l;';I::U----;I-A;"I;';I::UV=i~um=-c::-o=n::.~is:-:t-;l::-ng:-:ms::7in:;l::y-:o:-:f"-::.=.n::d:-.-:g::r=.::ve':"1'.-:-.n=d;--+'V':':e::r::y-'l:::ow=-t::-:o-:;:"h7: 1g:;:h""':"pe::r::m::"e.:-:b':';1-;'1::it::y-:-.~E;:.::t::im~a::t::e7d'h:::y:;dr~a::u:;l7:i,::-' ---

vium and terrace deposits, some cobbles underlie the Fremont River valley conductivity (K) for older alluvium is about 100
glacial outwash (1120TSH). and and probably the largest of the tributary val- ftld (see table 2). Terrace deposits probably vary
undivided glacial deposits leys; maximum known thickness is ahout 90 feet at widely in permeability depending on source of debris
(1l2GLCL) Hanksvill('. Colluvium on the east side of 1hou- and grain size. Glacial outwash probably has a K

sand Lake Mountain has a maximum known thickneu similar to that of the older alluvium (table 2).
of 170 feet. Terrace and related deposits con~ Other glacial deposits probably have very low to high
sist mainly of sand and gravel; known thickness permeability depending on sorting and grain size.
ranges from 34 feet at the Hanksville airport to Chemical quality of water in deposits of this unit is
55 feet on the west s'lope' of the Henry Mountains. same as in the above-described units. Water in older
Glacial outwash in the Bicknell-Torrey-Grover alluvium from vicinity of Caineville to Hanksville is
area (pl. 2) and southeastward along the lower variously described as unfit for domestic use, salty,
slopes of Boulder Mountain consist mainly of sand and alkaline (see tables 6 and 10).
and gravel. generally well-bedded and we11-
rounded: the coarsest of the deposits beneath the
lower Fremont River valley may also include out-
wash. Undivided glacial depOSits include till
and unsorted, unstratified moraines of several
ages (Williau and Hacla:oan, 1971. sheet 1).
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Basalt flows and minor intrusivea Small exposures on Thousand Lake Mountain and
Boulder Mountain; include cinder cones around
necks of diabase.

Unknown: however, cinder cones and basalt probably are
a good recharge mediwn. Probably not saturated.

Ii ~
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Intrusive and extrusive rocks Diorite porphyry in stocks, laccoliths. bysma
liths, and s11ls in Henry Mountains (Hunt.
1953). Syenite and diabase sills and diabase
dikes (fig. 10) in area from southwestern San
Rafael Swell to northern Waterpocket Fold
(Gilluly. 1929. p. 120; Smith and others,
1963, p. 37-40) and a dike north of Big Flat
Top (fig. 15). Undivided extrusive rocks are
mainly basaltic andesite on Thousand Lake and
Boulder Mountains (Smith and others, 1963. p •
40-42; Rowley and others. 1975).

Very low to very high permeabi lity. Intrusive rocks in
Henry Mountains inhibit recharge and movement of ground
water in the intruded sedimentary rocks; conversely.
surface exposures enhance runoff directly to streams.
Rock is sufficiently rigid that local open fractures
may yield water to wells. Such water as may he ob~

lained from the porphyry should be fresh.

Dikes and sills near the San Rafael Swell where un
jointed probably have very low permeability, and their
intrusion has locally lowered permeabi li ty of the
country rock by baking.

Hydrologic properties of the extrusive igneous rock:=; in ,
the area are unknown; however. those rocks probab Iyare
a good recharge medium. Locally they may transmit
water in large quantities. spring (O-29-3)14bcb-Sl
(tables 7 and 12) in the upper Fremont River valley
supplies several cubic feet per second of freshwater to
irrigators and supports the flow of the Fremont River.

Mesaverde Formation or Group
(221MVRD)

Pale-yellow thick-bedded sandstone and thin inter
bedded dark~gray shale west of the Henry Moun
tains. More than 300 feet thick.

Low(?) permeability. Yields an estimBted 10 gal/min of
slightly salin@ water to spring (D-33-8) 2ccd-Sl (table
7). Formation might produce more water to wells that
penetrate fully saturated sections, but water prohably
would be saline.
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Masuk Member (211MSUK)

Emery Sandstone Member (2llEMRY)

Blue Gate Member (2tlBLGT)

Dark-gray to black carbonaceous and sandy shale
interbedded with pale-yellow sandstone and sha1y
sandstone. 600 to 800 feet thick. Full thick
ness present only in renmants west of Henry
Mountains and northwest of study area.

Pale~yellow thin- to thick-bedded lenticular sand
stone and minor interbedded carbonac.eous shale
and impure coal. thickens westward from 250 to
800 feet; 200 to 300 feet thick in Henry Moun
tains area.

Dark-gray to black carbonaceous marine shale with
minor thin pale-yellow sandstone beds. 1.400 to
2.000 feet thick. In areas around Factory Butte
(fj~. 17) and the North and South Caineville
Mesas. member has characteristic badlands topog
raphy that is almost devoid of vegetation.

Very low permeability. Shale inhibits drainafole of
water from overlying unconsolidated rocks. Unleached
debris from this member, where present in alluviwn.
contributes to salinity of the ground water in the
alluvium.

Very lowe?) permeability. Yield small quantities of
slightly saline water to spi.ngs such as (D-31-8)
27dab-Sl (tables 7 and 12). May be fully saturated
in Henry Mountain structural basin. but water from
wells is expected to he more saline than the spring
water and yields probably would be low ,IS at well
(D-31-9)32ddd-1 (table 6).

Very low permeability. Debris from this member, where
present in alluvium, ('ontributes to salinity of grOlJlld
water in the alluvium.
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Geolog jc yni t

Ferron Sands tone Member
(211FRRN)

Tununk Member (21lTNNK)

Dakota Sandstone (210DKOT)

Shale Member

Buckhorn Conglomerate Member
(2l7BCKR)

Brushy Basin Shale Member
(221BRSB)

Salt Wash Sandstone Member
(221SLWS)

Surrnnerville Formation (22ISMVL)

Curtis Formation (22lCRTS)

Entrada Sandstone (221ENRD)

Carmel Formation (221CRML)

Character .f materi,l

Pale-yellow thin- to thick-bedded lenticular sand
stone and interbedded carbonaceous shal,~ and
coal. Thickens westward from 50 to 750 feet; 150
to 300 feet ne<lr Henry Mountains.

Dark-gray to blM:k carbonaceous shale interbedded
wi th thin beds of pille-yellow sandstone. Thick
ens westward from 2')0 to 650 feet; 525 to 650
feet thick west of Henry Mountai.ns. Forms nearly
barren badlands a5 in center of North Blue Flat.

Light-yellow and yellowish-brown friable to quart
zitic coarse-grained cross-bedded fluvial sand
stone, congloffil~ratic sandstone, and conglomerate,
with minor intl~rbedd(!d carbonaceous shale and
impure coal. () to 125 feet th lck; occurs mainly
as discontinuous lenses.

Light-gray, grayish-green, and purple lacustrine
shale <.md mudstone, with minor sandstone lenses
and limestone beds. Some minor coarser material.
o to 250 feet thick.

Dark-brown irregularly bedded ledge-formin~ flu
vial conglomerate with minor lenses of conglom~

eratic sandstoOl!. Pebbles are mainly of black
chert, averaging slightly more than 1 inch in
diameter. Maximum thickness 100 feet; thins
and pinches out southward.

Light-red, pUrplE!, and grayish·green bentunitic
lacustrine mudstone; minor limestone lenHes;
minor white. gray, and buff crossbedded sand
stone lenses; minor conglomerate lenses.
'nlickens northeastward from 0 to 400 feet.

Light-gray, tan, and ....hite thickly crossbedded
fine- to coarse-gra !ned lenticular fluvial
sandstone ....ith thin b(!ds of conglomerate; con
tains interbeds of variegated sandy mudstone.
Contains gypsum beneath North Blue Flat, and
northeast of Henry Mountains as much as 50
feet of massive gypsum occurs at the base.
Thickens southeastward from 0 to 400 feet.

Reddish-brawn even- and thin-bedded sil tstone,
sandstone, and mudstone. Local small channel(?)
sandstone. 'nlin beds and veinlets of gypsum~

Character as seen about 1 mile west of Hanksville
extends over most of area. 100 to 300 feet thick.

Greenish~gray and brown fine~ to coarse-grained
thin- to thick-bE~dded glauconitic marine lland~

stone and siltstone with minor greenish-gray to
red shale and local thin lenses of conglomerate.
Forms prominent marker bed between the darker
Surrnnerville Formation and Entrada Sandstone.
Caps many of the bluffs from the Red Desert north
westward to the Last Chance Desert. (See fig. 20
and Smith and others. 1963, fig. 14.) 0 to 240
feet thick; near Caineville about 80 feet thick.

In the northeastern part: of area. light-reddish
brown to tan massive crossbedded eolian sandstone
dominates (fig. 3); changes westward to an earthy
reddish-brown thL1- to thick-bedded fine-grained
sandstone with substantial amount of clay (fig.
20). Thickens westward and probably southward
from about 300 feet to nearly 800 feet in Capi tol
Ree f National Parle.

Removal of limestone and gypsum has lead to con
siderable distorti.on of the formation and over
lying rocks. Two examples '(pI. 2), are th(~

Gypsum Sink (also cslled Meteorite Crater). a
karst feature in the Entrada sandstone (in the
swtsw~ sec. 36, T. 2G S., R. 5 E.), and Glass
Mountain. a mass of hydrothermallyC'!) emplaced
gypsum (in the NW-2;NW-tNW\ sec. 20, T. 27 S., R.
7 E.).

For the purpose of thl:'> report, tlw base of the
formati.on is defined as tbe bottom of a red
shale and siltstone that occurs throughout the
area. Tt can be seen along the flanks of the
San Rafael Swell as flatirons (fig. IR dnd
Baker, 1946, pIs. L6 and 17A) and the canyon
of the Fremont River in Capitol Reef National
Park (fig. 4). It has a distinctivC' configur
ation on garrana-ray and resistivity logs, wh (ch
provide part of the basis for discussion of struc
tural distortion in the text.
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HydrologicchHacteristics

Low permeability. Yields small amounts of fresh to
slightly saline water to springs such as (0-29-10)
22ccb-SI and (D-24-S)13bcd-SI. May be fully satu
rated in Henry Mountain structural basin, but water
from wells in that area ....ould be saline.

Very low permeability.

Low(?) permeability. May be a source of wat.er local
ly, but thinness and dIscontinuity indicate forma
tion is not important as an aquifer in study area.

Very low permeability.

Very lowe?) to lowe?) permeability. May contain water
in structurally low areas but f.s nol known to be an
aquifer. Well (D-2B-7)36bbb-1 reportedly penetrated
the formation at the east edge of North Blue Flat; the
driller reported no water.

Very 10.... permeability. Bentonitic surfaces prevent
deep infiltration; these barren surfaces contribute
much sediment to surface runoff during torrential
thunderstorms; sediment seals surfaces of otherwise
permeable alluvium and reduces permeability when
mixed wi til alluvium.

Low(?) permeability J but potential aquifer in areas
....here it is fully saturated. Supplies small amounts
of slightly saline water to springs such as (0-27·6)
23cba-SI and flowing wells (0- 26-9) 24dbc-l and
(D-28-7)36bbb-I. 'nle water mainly is of the sodium
sulfate type.

Freshwater was found in the Morrison Formation at only
one spring, which is in the Henrv Mountains.

Very(?) low permeability. May supply water to a few
seeps. Such water as may occur probably is at best
slightly saline and of the calcium sulfate type.

Very(?) low permeability. Not known to be an aquifer.
Any water in the formation probably is saline.

Very low to modera.te permeability. Western facies not
known to be an aquifer. At Hanksvil1l... , thp formation
is the only source of fresh ground water; there, the
estimated values for K range frurn 2 to 16 [tid (table
2). The area of freshwater occurrence is limited,
ho....ever. and the chemical quality of the water deter
iorates within a mile westward from Hanksville. The
freshwater is generally of the sodium bicarbonate sul
fate type. In the Burr and San Rafael Deserts, the
sandstone is the source of small amounts of slightly
to moderately saline water. in which sulfate is the
dominant anion.

Very low to locally high(?) permeahili ty. Formation in
undisturbed state probably has very low permeability.
but where the rocks are frac tured or exposed, water,
which percolates from the surface or rises from below,
dissolved gypsum and limestone. Circulation of ground
water accelerates the local development of highly per
me.able zones in the formation. F'or example, Caine
Springs, at the crest of an anticline, discharge' about
2 ft l /s from limestone and gypsum. (Se'c also tht> TePA
well in Hood and Danielson, 1979, table 8.)

The basal siltstone of the c.1rmel Formatin\1 imppdes
drainage of ground water downward into the Navajo Sand
stone. T'hus, Robbers Roost Sprin.'i, (O-28-l4)22cad-SI,
discharges water from the formation where the under
lying Navajo has been partly or completely drained.
Other similar occurrences probably include swazys Seep,
(D-25-12)4aac-Sl, at the edge of the San Rafael Swell.
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Kayenta Formation (23lKYNT)

Wingate Sandstone (231WNGT)

Church Rock(?) Member (231CCRK)

Ow1 Rock Member (no code assigned)

Petrified Forest Member (23lPFDF)

Moss Back Member (231MBCK)

Monitor Butte Member (231MNRB)

Shinarump Member (23ISRMP)

Temple Mountain Member (23ITMPM)

Character of ..ter lal

White. tan. and buff thickly and intricately
crol!lsbedded very fine to fine-grained eolian
sandstone (flg. 5). Locally light-orange or
yellow. Grain size may be slightly greater in
eastern part of area. Calcareous cement in
some outcrops but poorly to well-cemented with
silica where deeply buried. (See Hood and
Danie Ison. 1979, for description 0 f charac ter
in T. 28 S •• Rs. 7 and 8 E.) In eastern part
of area, Baker (1946, p. 68) found thin lentic
ular beds of red to purplish shale and occasion
al lenses of light-brown limestone 8S much 8S 6
feet thick. lbe shale beds were found in test
hole (D-27-11)34ddb-ID (tables 6 and 10); they
apparently diminish in occurrence where the for
mation is thicker to the west. Limestone lenses
also were noted by Gilluly (1929, p. 98) in the
San Rafael Swell. Such limestone was found at
the bottom of well (D-26-B)6aab-l. In addition
to the shale at the base of the Carmel Forma
tion, a second shale or sha1y sandstone zone was
found 60 to 90 feet below the first; the second
shale marker also persists through much of the
area. 'Ihickne88 ranges from about 450 feet near
the Green River to about 1,100 feet in the west
ern mountains. (See pl. 3.)

Irregularly interbedded red. reddish-brown, buff.
gray. and lavender shale. siltstone, and fine-
to coarse-grained sandstone. in part conglomer
atic, with minor beds of limestone. Contact with
overlying Navajo Sanda tone is transitional in
some areas. 180 to 350 feet thick, increasing
from. northwest to southeast. Shale diminishes
southeastward.

Reddish-brown. buff. and grayish-orange very finc
to fine-grained thickly croubedded calcareous
eolian sandstone. Formation is poorly to well
indurated. Most exposures are vertical cliffs
(fi~. 6) with dark-brown desert varnish on weath
ered surfaces. 270 to 400 feet thick. increasing
from wes t to eas t.

Seven members or lithologic equivalents mostly of
fluvial and lacustrine origin; not all members
present in any given locality. Mudstone, silt
stone. sandstone. and Some conglomerate in various
shades of purple, red, and brown. See also
Stewart and others (1972) and Williams and Hackman
(1971. sheet 1).

Moss Back Member: Yellowish-gray fine- to mediwn
grained lenticular conglomeratic sandstone; minor
mudstone seams. limestone conglomerate. and coaly
material.

Shinarump Member: Light-gray to yellow fine- to
coarse-grained sandstone and conglomerate sand
stone with minor mudstone lenses and plant re
mains. In vicinity of Capitol Reef National Park •
thickness ranges from 0 to 90 feet. and locally
the member consists of discontinuous channel fil
lings (Smith and others, 1963. p. 16-20).

Total thickness of Chinle Formation is 215 to 550
feet, increasing from northeast to southwest.

Hydrologic characteri,tic'

Water in the Carmel Formation in the easternmost part
of the area ranges from fresh to slight ty saline and
consists of mixed types. In the central and western
psrts, the water ranges from slightly saline to very
saline. Brine probably occurs locally in the north
western part, as at pett"oleum test (O-i'i-5)14dbb-2
(table 8). In most of the water. sulfate is rhe domi
nant anion. but some of the moderately to very saline
water is of the sodium chloride type.

Very low to moderate permeability. Undisturbed. un
fractured. and unleached parts of formatj on have a K
of about 0.5 ft/d. (See Hoou flnti nanLelson, 1979.)
Fracturing where formHtion is L:l";('u or faulted has
effectively incrca~'H,d K, but areas of hi.gher K are
erratically distributed. In the Red Desert, the aver
age K is 1.7 ft/d. At two wells in T. 29 S .• R. 4 E.
(table 2). K is estimated to be 11 to 60 ftld in an
area where the sandstone stands nearly on edge at a
fault zone. Large yields can be obtained from the for
mation where it is fully saturated. thick. and under
confined conditions. Well (D- 28-8) 33bbb~1 discharged
2.800 gallmin for 35 days. with a total drawdown of 512
feet. At test holes drilled by the Geological Survey.
the yields by air-lift pumping were estimated to be 200
gsl/min, the maximwn that the air pressure and volume
would yield (see table 6). Chemical quality of water
in most of the sandstone ranges from freshwater of
mixed types to moderately saline water. also of mixed
types. A sodium chloride brine was found in test hole
(D- 27-7) 7bcc- 2.

Very low(?) to low(?) permeability. Formation is a con·
fining bed of lower permeability relative to the adja
cent sandstone aquifers. Leakage through the formation
is probably where it is sandiest or fractured. Springs
or seeps occur near the contact with the Navajo Sand
stone in the bottoms of canyons tributary to the Dirty
Devil and Green Rivers. Water sample from spring
(D-27.. 16)20bdc-Sl was fresh. but the formation, where
deeply buried. probably contains saline water.

Very low to moderate(?) permeability. Based on single
sample (table 11), K may be 10 to 20 times lower than
most permeable samples of Navajo Sandstone tested.
Permeability can be inferred to be low to moderate
where formation is strongly jointed or fractured (fig.
7). Yields small quantities of fresh to moderately

saline water to a few springs where rock is jointed.
Because of low permeability. the sandatone, where
buried, probably contains water more saline than that
in the Navajo.

Very low to low(?) permeability. Most of formation ls
too fine grained to accept much recharge; conversely,
it enhances surface runoff and contributes much sf:!di
ment to surface water. May yield small amounts of
water to seeps. Water recovered from two petro1eum
test wells ranged from moderately saline of the sodium
bicarbonate type to very saline with chloride befng
the dominant anion.

Upper part of Moenkopi Formation Reddish-brown even-bedded fissile mudstone and Moenkopi as a whole has very low to lown) pL'rmeability.
siltstone and fine-grained sandstone with thin Sandstone(?) units in and near outcrop areas vield small

.... layers and veins of gypsum and anhydrite. Local- quantities of fresh to slightly saline water. Well
!!."i: Il. 1y petroliferous. 200 to 775 feet thick. (D-24-9)7dab-lS (table 6) indicates same is probably
~..: i true for higher areas of outcrop in the San Rafael Swellzi 3. snd mountainous areas. Records from petroleum-test

wells show that thi! formation, where deeply buried,
~ yields moderately to very saline water of mixed types.

'-il-------~:-:-::---+---:------------r----:....--..:.-.:.-.:.......---..::..:.......:.:......-'----
2 Sinbad Limestone Member (237SNBD) y~~i~~~h~~~::L~:da~~nl~~~:~o~~ ::~u:~~~~d::ounts P~~:::~~n~e~: ~::rp~~:e:~~~.~~~ ~~ ;::\::~a:;r:~:~; ~~:c-

of siltstone a.nd sandstone. 12 to 200 feet tured, ground-water circulation probably has caused
thick. cavernous development and thus enhanced the permeability.

'Ihe estimated K at well (n-29-S)32bad-l is 10 ftld (tabl~

2). Samples from petroleum-test wells indicnte the liml'
stone. where deeply b\lried, contains lIk)derately to very
saline water.
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Table l.--Oescription of geologic units known to underlie purts of thr:' lowt'r Dirty Devil River basin arca--Continued

Geolog ic un it Character of lIIaterial Hydrologic charachriatics

Lower part of Moenkopi Formation Light-reddish-brown, yellow. anu green even-bed
ded siltstone and sandstone containing gypsum
vein1ets; n chert pebble conglomerate at base
20 to 140 feet thick.

Similar to Upper part of Moenkopi Formation.

Total thickness of the Moenkopi «'ormation is 360
to 1,000 fE:('t or more, increasing from east to
west.

Kaibab Limestone (31OKIBB) Light-gray to brown cherty silty limestone. white
calcareous dltstone, white thin beds of cross
bedded fine-grained sandstone, and some dolomite.
Missing in eastern part of area; 0 to 100 feet in
San Rafael Swell, thickening to 350 feet in Capi
tol Reef area.

Very low to moderate(?) permeability. Undisturbed
formation probably has very low permeability; where
fractured by folding or faulting. secondary perme
ability may be at least moderate. Petroleum-test
well (D-31-7)36dad-lW yielded freshwater of the
calcium sulfate type from a depth of 3.414 feet.
Other petroleum-test wells to the east yielded
slightly to moderately saline water of mixed types.

'!he Coc.onino Sandstone, in western part of area,
interfi.ngers with members of the Cutler Forma
tion in eastern part of area. (SeE' pI. 2.)
Coconino consists of light-gray to buff friable
to hard fine-grained thickly crossbedded eolian
sandstone; ~rit and considerable limestone in
lower 40 feet. 700 to 1.200 fe(~t thick, in
creasing southward.

Very low to moderate(?) permeability. No direct
data available, but formation estimated to have
characteristics similar to Navajo Sandstone, in
cluding effects of fracturing. Records of petroleum
teat wells (table 8) indicate water in formation in
most areas tested. Where deeply huried, water prob
ably is slightly to moderately saline" but in and
near outcrops, as in central part of Capitol Reef
National Park. water may be fresh.
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White Rim Sandstone Member
(310WTRM)

of Cutler Formation

Organ Rock Tongue or Member
(3100RGK)

Cedar Mesa Sandstone Member
(310CDRM)

Equivalent to upper part of Coconino Sandstone.
White. gray. and buff fine- to medium-grained
eolian sandstone. 0 to 230 feet thick.

Reddish-brown siltstone and thin-bedded fine
grained sandstone. 0 to 900 feet thick.

Yellowish-gray, reddish-orange. and reddish
brown friable fine- to coarse-grained thickly
crossbedded eolian sandstone. with minor beds
of red sandy shale and gray cherty limestone.
750 feet thick.

See above discussion of Coconino Sandstone. Testing
of this sandstone in petroleum-test wells produced
water at most locations. Most samples were slightly
to moderately saline: two samples from wells in T.
30 S •• R. 15 E •• were fresh. Water was mostly of
mixed types, but several were of the sodium sulfate
type •

Very lowe?) permeability. Water sample from well
(n-29-l0)8ccb-l was moderately saline and of the
calcium sulfate type.

See above discussion of Coconino Sandstone. No water
samples. but water probably is saline.

o
o
~

:

Ha1gatto Tongue or Member
(31OHLGT)

11lin~bedded mudstone and siltstone. this unit
may not be present in area but was identified as
such in well (D-29-l0)8ccb-l (table 8), where
the unit is 295 feet thick.

Very lowe?) permeability. Characteristics unknown.
the only available water sample was moderately saline
and of the sodium sulfate type.

Rico Formal ion
(310RJC(~) I

I
I

Elephant Canyon
Formation (of

Baars. 1962)
(319ELPC)

Rico Formation: Reddish~brown and greenish-gray
fine- to c.oarse-grained crossbedded sandstone;
gray and grayish-green thin- to thick~bedded

cherty limestone; red and purple shale and silt
stone. 600 [(let thick at east edge of area,
thinning westward to 0 feet. Absent in San
Rafael Swell. In some petroleum tests, this
section is identified as the Elephant Canyon
Formation. or simply as "'Wolfcamp" or ''Wolfcamp
carbonat es ."

Another sample reportedly from the Cutler Formation
(possibly this member) was slightly saline and of the
calcium sodium sulfate type.

Very lowe?) permeability. No water samples. but water
probably is saline.

Very lowe?) permeability. Water sample from petroleum
test well (D-25-15)22aca-l was very saline and of the
sodium chloride sulfate type.

Very lowe?) permeability. Water sample from well
(O-.J0-13)4dcb-l was brine of sodhuu chloride type .

Very low permeability; probably confines water in Missi
ssippian rocks. No water-quality data.

Gray t.hin- t.o t.hick-bedded dense to coarsely
crystalline cherty limestone, interbedded with
gray and brown massive to thin-bedded sandstone,
siltstone. and sparse beds of gray and red
shale. 200 to 1,300 feet, increasing eastward.

Mainly dark-gray limestone. dolomite, and shale.
o to 200(?) feet t.hick.

Variegated claystone and shale: siltstone and con
glomerate. Includes limestone and chert regolith
on karst surface in upper 10 to 100 feet of under
lying Mississippian rocks, wherever Mississippian
is or was present. 20 to about 580(?) feet thick.

Upper member (inc ludes Honaker
Trail Formation (32lHKTL) of
Wengerd and Matheny, 1958)

Molas Formation (320MOLS)

H
~~ ~
~ ~ ~ N~:e~p~e~m~~\~:~~:~~eW~:ht~:a~o~h~fc:~~;a~nit
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- I: -~ eastward from 0 to 2,500 feet as determined tion to dissolved salt, gypsum. and limestone. Water
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]. --ocscription of geologic units known to underlie parts of the lower Dirty Devil River basin area--Continued'I'able
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Geologic unit

: :(edwall Limestone (330ROLL)

;!! ~ Leadville Ll.rnestone (330LDVL)

:-e
~~
~ Q. Madison Limestone or Group (330MDSN)

Ouray Limestone (34l0URY)

dbert Formation (34lELBR)

Character itf ..terial

Mainly limestone and dolomite. Upper surface
has karst topography and some internal zones
locally(?) cavernous. 200(?) to about 1,150
feet thick at wells in area. Ulina across San
Rafael Swell. (See also Cooper, 1955, p. 63.
65.)

Massive dense arg! llaceous limestone and thin
clayey shale; locally sandy, with sandstone.
Thickness reported frOID wells in area ranges
from about 90 to about 400 feet.

Limestone, shale, and (?) basal sandstone. Thick
ness reported for wells in area ranges from 260
to about 850 feet.

Hydrologic charK:hr ilt ic.

very low to high(?) permeability. Most of formation
should be of very low permeability, but where solu
tion of limestone and dolomite has created cavern-
ous zones, permeability may be high. Almost all
petroleum-test wells that penetrated and were tested
in these rocks recovered relatively large amounts of
water. Well (D-26-17)5ccc-l flowed during testing •
Water samples recovered from wells nearest the west
ern boundary of the study area and San Rafael Swell
were slightly to very saline of the sodium sulfate,
magnesium chloride, and sodium calcium chloride types.
The remaining samples were moderately saline to briny
and are of the sodium ch lori-de or sodium magnesium
chloride type •

Very 10w(?) permeability. No water-quality data.

Very lowe?) permeability. Water sample from well
(D-26-7)19bbd-l contained moderately saline water of
the sodium sulfate type. The petroleum-test well
was sampled across the Elbert-Lynch contact.

Very lowe?) permeability. No water-quality data.

Very lowe?) permeability. Water quality assumed to
be similar to that in Elbert Formation.

Very low permeability. No water-quali ty data.

Chiefly dolomite and limestone. About 500 feet
thick.

Micaceous(?) shale and dark limestone. 600 to
700 feet thick.

Ophir Shale 13740PHR)

? , ,---- t-----------------+-------------------
Tintic Quartzite (374TNTC) Mainly reddish quartzite or quartzitic sandstone,

some (?)siltstone and (?)conglomerate. About
200 feet thick.

, ,

Lync~ Dolomite (371LYNC)

Precambrian (400PCMB) Found at relatively shallow depthl!l in San Rafael
Swell. Two logs available for well (0·2)-11)
27bbd-l; one log records "quartz btoti.te schist,"
the other records granite at 4,370 feet below
land surface (Baker, 1946, p. 120). Rock un
described but found at greater depths in wells
(0-25-13)14bbc-1 and (0-25-14) 22cdd-1 (table 8) •

Do.

..!/Term used by Bjorklund (1969, p. 15) for unconsolidated depolits in and near the adjacent upper Fremont River valley. This all-inclusive unit may contain equivalents
to part, or all, of the Pleistocene and Holocene depo.its described.
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Tablp 2.--Estimcltcs of transmissivity and hydraulic conductivity at wells for which specific capacity can be calculated

[See tabLe 6 fOI::" well l::"('cordsJ

WL'll number: See text for description of datil-site numhering systems. D, well deepened, or S, well plugged back from original depth of hoI ..:.
Aqllih,'r: See table I fur formation name and description of lithoLogy.
Ocelll'rellee of Will pr: C. confined; lJ, unconfint"d.

EA, estim;ltL'd whitt> drilling with air; K, hailC'd yield reported by driller; E. estimated; O. pipe orifice; V, measurement by unsper'ified
hUI iif'IWCilllv with bucket or barrel and stopwatch.

Stllra><(' coefficient: I~stimati..'d from the OCCllrn'll{'(' of W.1ter and known lithologic characteristics.
l'rdllsillissivity (T): [':srimi1ted by method of Thf'is, Krown. and MeYI~r (in Kent31l, IlJh'1) , except as noted for (D-27-11)'~!.ddb-lD.

Snlllr,lted tl,icknpss: St'L' remarks for some H'stri,:tions on thickn,'ss uselJ.
HydL~'llic conductivity (K): Calculated hy dividing T by saturated thickness.
NOTE: The reAder is reminded thAt individual vaLlIes of transmissivity that were est lmated from values for specific capacity :lre, at hest. approximations.
IlP(';l'jSl' individual values for hydraulic conductivitv flrp calculatE'Ll from lhl:' estimates for T. those individual v<lllles for K also are ,1pproximatlons. The

1)~J.. l!,(',I.pf1.! y_a~I,u..~__!2.f._I.a,:'51 ..!5. y_'!.I~~,s_1:.!..s_~t:~ .i,n..,_~~_~s_~~bJ:~)J_e3 i!!.._t,I~'.i.£.....!.I!.~i~~~n_,..91..~r_e)_~_~,:,_e_~~e..'!Q,!L!:,!'yi.~t..~eL_1!l!..~~,l.d_£e..y?~J:.Q1_t!.~.:~_c, r,e,t_~,?_n_ .

Occur- EstimatC'd Estimated
Specific Estimated tran*Omiss- Sat urated hydraulic

Well of Discharge capac! ty stonlge ivity units2 thickness conduc t i vi ty
!lumher Aqul fer water (gal/min) [(gal!min)/ft] coefficientl (ft 2/d) (ft) (ft/d) Remarks

(0- :J()- 1 1)')adb- J 11OPTOD 25 EA 1.1 0.2 200 20 10 Est imatL'd value may he s1 19h! Iy high bp-
cause consolidated rocks may contribute
some of the water.

([)-2'j-'») 14ddfl-l 112ALVM 10 n .2 I, lOO 10 110
(D.... 2R-fJ) 29hdb-l do. 50 16.7 .2 J, JOO '8 90

IOdad-l do. nO 11.0 .2 "3,100 28 120
(ll-2H-IO)L2abc-l do. 600 '-\1.0 .2 6,700 62 110
(D-2'1-S) '34Jdb-l 112GLCL 6 < • I .01 0( III 14 <1 Perforated 7.one is gravel packed. Well

bai led down to bottom in 2 hL1l1r~.
([)-~()- ')) lOabb-1. do. 35 1.8 .01 400 12 10
(\)-28.... 11) lSbdc-1 221 r:NRD nO 1.3 .0001 400 25 16

lficbd-l do. In .1 .OUOI 30 5 n Thi ckness shown is amount of nren hole.
16t1<ld-1 do. 32 .2 .0001 50 19 1 Thickness shown i~ amount of perforated

interval.
21abd-l do. 19 .15 .0001 40 10 Do.
2Hbdd-2 do. 15 .4 .0001 120 n9 Thickness shown is amount of sands tone

In open hole.
(l.}-n-ll)lbbc-l do. 15 1.5 .0001 510 180 Do.

3fidaa-1TJ dn. 15 1.1 .0001 470 188 Thickness shown is amount of perfurated
pipe and open hole.

(D-2'i-7)7bcc-1 221CR.'1J EA .6 .0001 200 10 Vie I,d prohably from cavernous zones in
Aypsllm.

(l.}-j7-14)5acc-lS do. lO .4 .000] II 57 .2 ThickncsH shown is amount of perforated
interval and of open hoIf'.

(J)~2h-8)fia<1b-l 220NVJU 11 .1 . 05 27 81 .1 Thickness shown is amount of saturated
sandstone.

57 .5 Thickness shown is amount of perforated
intervaL

(1)-77- 11) 'i4ddh- 10 Jt.'. 74 ,007 1,700 600 2.8 Data from 84-minllte recovery test of USl;S
test hole 2, fa' zone 605-7"iO ft (uppL'r
24 percent of formation) . Discharge
given ,. weighted average for estimated
natural flow and air-lift discharge while
drilling. Estimated T is obtained by
straight-line method. after correct ions
for partial penetration. Tll ickness of
format ton is estimated from data for ad-
jiH:ent we 11s. Test hole is near inferrell
fclUI t.

(!}-27-IS)21.1ad-l do. 12 .2 .05 2)0 86 Thickness shown ts amount 01 saturated
sands tone.

(j)- 29-4) 25dch-1 do. 60 .0') 1,100 115 11 Thickness f>lwwn is amount of saturated
sandstone. Well Is In arei'l of severe
structural distort ions.

26dac-l do. 50 50 .05 10,000 180 60 Thickness shown is amount of saturatpd
sandstone. Estimate of SPL'C i fic capact tv
is minimum based nn indefini tL' n>ported
pumping level. However. w('ll is in
area of severe structural distortIon and
it probab ly prorl,,<.:f>8, from <;t rnngly
fractured rock.

(D-3 l .... 7) 36dad-lS do. 161 1.4 .006 400 560 .7 Thickness shown Is zone of cemented
cas ing perforated by oil-field type nf
gun perforat ions.

(l}-29-5) 32bad-1 2J7SNI\fJ 35 .0001 270 25 10 Thickness shown I. that nf hot h the lime-
stone and the perfornted ZOIH'. Water
probably is from C(lvernou."l znlH'S oc
fractures.

([}-29-16) 28cbc-1 3IQCTLR .02 .0001 <14 200 < .07 Til I ckness shown Is amount of jll'rforatf>d
interval. Water may have hl'~~n from
frclctured zone, 2,740 tu 2,7'j(l ft, where
d ri 1.1 er reported lost c1 rculat ion whl'n
dri 11 inR.

lThe storage coefficient (s) of an aquifer is the volwne of water it releases from or takes into storage per unit surface area of the aquifer per unit
is a dimensionless number. Under confined conditions, S is typically small, generally betveen 0.00001 and 0.001. Under unconfined conditions. S is much
larger, typically from 0.05 to 0.30.

2Transmissivity (1') is the rate at which water is transmitted through a unit width of the aquifer under a unit hydraulic gradient. The units for l' are
cuhic fept per daVfH'r fopt [(ftl/J)/ft]. which reduces to itl/d. The term transmissivity replaces the term coefficient of transmissibility, which was
formerly used by the U.S. Geological Survey and which was reported in units of gallons per day per foot. To convert a value for coefficient of transmi.s
sibility to the equivalent value of transmissivity, divide by 7.48; to convert from transmissiVity to coefficient of transmissibility, multiply by 7.48.
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Figure 6.-View down Fremont River canyon from State High
way 24 near Fruita showing the massive Wingate Sandstone
(W); because the formation has a very low hydraul ic con
ductivity and crops out mainly in vertical bluffs, it
receives I ittle recharge from precipitation here. The
I ight-colored Navajo Sandstone (N) here has a "beehive"
erosion form common to the upper part of the formation
in the Waterpocket Fold area. Steep slopes of this type
rapidly shed water from thunderstorms and snowmelt be
cause of the very low hydraul ic conductivity of the
sand stone.

3.) East of the structural basin, the Navajo slopes gently upward toward the
canyons of the Dirty Devil and Green Rivers where it crops out at altitudes of
about 4,000 to 5,000 ft (1,220 to 1,520 m). Superimposed on these large folds
are numerous smaller features such as the Teasdale anticline and the series of
anticlines and synclines between Thousand Lake Mountain and the San Rafael
Swell (pI. 2). Associated with the folding is fracturing (figs. 8 and 9) of
competent beds; the intensity of fracturing depends largely on the amount of
folding.

In such folds as the Caineville anticline, the locally loose sand on the
top of the Navajo Sandstone may be due to differential movement and shearing
of the Navajo with respect to the overlying Carmel Formation during folding.
(See log of (D-28-8)29dcb-1 in Hood and Danielson, 1979, table 9.)

Faulting may, in part, also affect permeability of several formations.
Only the major faults in the area are shown on plate 2; in most places,
smaller sympathetic fractures are associated with the major faults.
Generally, faults include a zone of low permeability because of fault gouge
and other products of compression and friction. However, some of the faults
south of the San Rafael Swell, and possibly elsewhere around the swell, appear
to be tension faults of relatively small throw; these faults probably are suf
ficiently permeable to allow some interformational movement of ground water.
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Figure 7.-View southeast, approximately I mile (1.6 km)
downstream from spring (D-31-13)9bcd-SI in Poison
Spring Canyon, showing strongly jointed or fractured
Wingate Sandstone (W) underlyin~ si ltstone and sand
stone of the Kayenta Formation (K).

In addition, the fracturing that accompanies essentially all faults, such as
those in the San Rafael Swell, undoubtedly enhances recharge to some
formations. Faults between the Dirty Devil and Green Rivers enhance ground
water drainage to the rivers.

Some faults in the area inhibit or restrict ground-water circulation by
throwing aquifers partly or completely against less permeable formations. A
specific example is the fault that trends northwestward through Cottonwood
Spring, (D-24-14) 32adb-S 1, where the Navajo Sandstone is thrown 100 to 200 ft
(30 to 61 m) up against the Carmel Formation and basal Entrada Sandstone; the
Navajo section in direct hydraulic connection across the fault is reduced by
20 to 40 percent. Another example is an inferred fault that lies between test
hole (D-27-11)34ddb-1D and petroleum-test well (D-28-11)5cdb-1. Mapping by
Hunt (1953, pl. 1) shows only one fault passing between the two sites, and
that fault with the downthrown block on the northeast side. Logs of the two
holes, however, show that the top of the Navajo, after correction for regional
dip, is about 400 ft (122 m) lower in the petroleum-test well. The amount of
Navajo in direct hydraulic connection across the fault zone is estimated to be
reduced about 60 percent.

Intrusive igneous rocks occur mainly in two parts of the study area--in
the Henry Mountains and at the southwestern end of the San Rafael Swell.
Generally, igneous intrusion introduces rocks of very low permeability that
inhibit recharge and ground-water movement. Locally, however, the process of
intrusion has created fractured areas that probably allow substantial
interformational movement of water.
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Figure 8.--View northward from road in
Burr Canyon in the SEtNEtSEt sec. 16,
T. 3~ S.• R. 8 E. Steeply dipping
fractured Navajo Sandstone (N) over
I ies red siltstone of Kayenta Forma
tion (K). Arrow shows site of sample
76UT23 (fig. 5 and table I I). Length
of arrow is about 10 feet (3 m).

In the Henry Mountains, the massive intrusion of diorite porphyry in
stocks, laccoliths, and other related forms domed up the consolidated rocks,
interrupting the regional dip, and permeating the sedimentary rocks with a
complex of subsidiary dikes and sills (Hunt, 1953). In the northern part of
the mountains, around Mount Ellen, the rocks so affected are mainly the San
Rafael Group and younger. Other than at the Mount Ellen stock, the Navajo
Sandstone and the older rocks pass beneath the domed area with relatively
little disturbance. Progressively greater deformation of the Navajo and older
rocks occurs southward. (See Hunt, 1953, pIs. 8, 11, and 13.) That the
intrusion has affected older rocks is indicated by the sills found in the
Chinle Formation in petroleum-test well (D-31-9)22bbd-1 and between the
Hermosa and Molas Formations in petroleum-test well (D-31-11 )20ddb-1. (See
table 8.)
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Figure 9.-South wall of Burr Canyon,
approximately one-fourth of a mile
east of site shown in figure 8.
Fractures in Navajo Sandstone, near
bottom of picture, are rounded and
the Sandstone is stained (arrow)
where water has circulated through
the fractures. Height of wall is
about 15 feet (~.6 m).

In contrast to the lowering of permeabilities of the aquifers by
intrusion, the emplacement of the igneous rock also enhances the permeability
by local fracturing, probably as a result of subsidence due to loading and to
the literal thrusting aside of part of the sedimentary rocks. During the
drilling of petroleum-test well (D-31-11 )27ddd-1 (table 8), most or all the
drilling fluid was lost repeatedly into a zone in the Navajo Sandstone, and
repetitive cementing work was required to regain circulation. At times the
drilling fluid contained 30 percent material used to seal fractures. Such an
occurrence in the granular Navajo indicates that the formation at the site
contained large open fractures. No record is available to indicate that the
Navajo at this location contained water, but it may be inferred that the
fracturing crosses formational contacts and permits local recharge to move
down through the overlying Entrada Sandstone and Carmel Formation and into the
Navajo.
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Figure IO.--View east-northeastward from SW~SE~ sec. 36,
T. 25 S., R. 5 E., showing igneous dike (D) which
strikes generally northward and cuts Entrada Sandstone
(E). Cu rt is Format ion (C) caps the Entrada. Part of
the dark-colored rock is Entrada baked on the surface
of the dike. Dike and baked sandstone are harder than
the unaltered sandstone which has been eroded away
from the dike, leaving the dike standing free in gap
(G) through the butte. Dikes such as this and the one
shown in figure II interfere with ground-water circu
Iat ion.

At the southwestern side of the San Rafael Swell, a swarm of igneous
dikes (pl. 2 and fig. 10) and related sills intrude rocks ranging from the
Chinle Formation to the Summerville Formation. A single dike was also found
east of the San Rafael Swell, in the southwestern corner of T. 26 S., R. 14
E., where igneous rock has intruded the fault mapped by Williams and Hackman
(1971) . (See fig. 11.) Detailed mapping east of the swell might reveal
similar concealed intrusives.

The observed dikes range from less than 2 to at least 10 ft (0.6-3 m)
thick; the sills are as much as 100 ft (30 m) thick. Based on field
inspection of the sills, the unweathered parts and adjacent baked sedimentary
rocks may have low permeability and thus impede vertical percolation of ground
water through the intruded sedimentary rocks; similarly, unweathered parts of
the associated dikes may impede lateral movement of ground water locally.

Solution of rock materials also has significant effect on the
permeability of certain geologic formations. Three examples of the effect of
solution or transport of gypsum and the solution of limestone are cited in
table 1 under characteristics of the Carmel Formation. In addition to these,
collapse structures are found locally in parts of the San Rafael Swell. (See
Hawley and others, 1968, fig. 7.) These rubble-filled pipelike structures
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Figu re II. - View northwestward from
near southwest corner of T. 26 S.,
R. 14- E., showing igneous dike (DJ
cutting Entrada Sandstone and trend
ing several miles toward San Rafael
Swell (background) past north si de
of Big Flat Top. Dike intruded
fault zone. Sandstone is baked (B)
by the dike and is harder than the
weathered dike. Another strand of
dike indicated by arrow.

penetrate at least into the Coconino Sandstone. It is inferred that the
collapse is due to the removal of limestone in the underlying Elephant
Canyon (?) Formation of Baars (1962), and Hermosa Formation or perhaps the
Mississippian limestones. The result of multiformational penetration by such
collapse is local inter formational movement of water, which probably occurs in
the strongly faulted area of the San Rafael Swell.

HYDROLOGY

Summary statement

Water available to the lower Dirty Devil Hiver basin area is derived
from precipitation on the basin, surface-water inflow from the upper Fremont
River valley and upper Muddy Creek basin, and from subsurface ground-water
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inflow. Discharge from the area is principally by surface-water outflow in
the Dirty Devil River, by evapotranspiration from the area, and by subsurface
ground-water outflow. Table 3 lists the estimated gross quantities of inflow
and outflow.

Table 3.--Summary of hydrologic estimates

Total hydrologic system

Inflow
Precipitation (p. 25)
Fremont River near Bicknell (p. 27)
Muddy Creek below 1-70 (p. 27)
Ground-water inflow, minimum (from below)

Total (rounded)

Outflow
Dirty Devil River (p. 28)
Ground-water outflow, minimum (from below)
Discharge by wells, probable maximum (p. 36)
Evapotranspiration

Consumption of ground water (p. 45)
Consumption of precipitation and streamflow

Total (rounded)

Ground-water system2

Storage in three major consolidated aquifers
Total (rounded) (p. 36)
Recoverable fresh to moderately saline water

Navajo Sandstone4

Recharge
From precipitation and streamflow
Ground-water inflow

Total

Long-term average
(acre-feet per year)

1,550,000
65,060
10,720

300
1,600,000

68,760
1,500
1,000

30,000
11,520,000
1,600,000

Acre feet

550,000,000
3210 ,000,000

Acre-feet per year
4,700

300
5,000

Discharge (p. 37-43)
To Dirty Devil River and (?) Green River
Caine Springs and minor seeps
Ground-~ater outflow down Henry Mountain basin

Total

2,100
1,400
1,500
5,000

1Amount calculated by difference between other individual items of
inflow and outflow.

2No budget developed for total ground-water system because of unknowns.
~Assumes complete drainage of Navajo, Wingate, and Coconino Sandstones.

Amount for each item as used in steady-state digital model for best fit
of potentiometric surface west of Muddy Creek and Dirty Devil River.
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Precipitation

The average annual volume of precipitation on the lower Dirty Devil
River bas~n during the period 1931-60 is estimated to be 1.55 mi~lion acre-ft
( 1,910 hm ) as shown in table 4. The average for the 3, 200-mi (8, 290-km )
area is 9.1 in. (231 mm). Nearly all precipitation on the area is consumed
within the area. The precipitation generally contains less than 20 mg/L of
dissolved solids, as indicated by the analyses given in Feth, Rogers, and
Roberson (1964, p. J14-J15).

Surface water

The Dirty Devil River drains an area of about 4,360 mi 2 (11,290 km2 ) of
which about 3,200 mi 2 (8,290 km2) is in the study area. The river receives
the discharge of the Fremont River and Muddy Creek. Streams that drain to the
San Rafael River northeast of Hanksville are ephemeral. The records for
gaging stations through 1970 are illustrated by Covington and Williams
(1972b), and the gaging-station sites (pl. 1) are given in the following
table, together with the station numbers, names, and the periods of record.
(See also U.S. Geological Survey, 1954, 1964, 1970, 1971-77, 1973.) Both the
Fremont River and Muddy Creek derive their flow mainly from snowmelt and
spring discharge in the mountains west and northwest of the area shown on
plate 1.

Station number

3300

3302.1
3302.3
3321

3325

3327

3328
3330
3335

Station name

Fremont River near Bicknell (Thurber)

Pleasant Creek near Caineville
Fremont River near Caineville
Muddy Creek below 1nterstate Highway

1-70, near Emery
Muddy Creek below Ivie Creek, near

Emery
Muddy Creek at Delta Mine, near

Hanksville
Muddy Creek at mouth, near Hanksville
Dirty Devil River near Hanksville
Dirty Devil River above Poison Spring

Wash, near Hanksville
Dirty Devil River near Hite2

Period of
record

1909-12,
1937-58,
1976-78
1969-72
1967-78

1973-78

1950-61

1975-78
1975-78
1945-48

1964-78
1948-64

1See prior record for nearby station 3325 which is not shown on plate 1.
2Station near Hite was moved 28 miles upstream to site above Poison

Spring Wash on July 15, 1964, when first site was inundated by rising
reservoir water. Record for Dirty Devil River consi dered poor because of
shifting sand bed.

Within the study area important perennial streams include Oak, Pleasant,
and SUlphur Creeks--all tributary to the Fremont River. Much of the flow from
these smaller streams is diverted for irrigation and consumed. Several small
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Table 4.-Estimated average annual volumes of precipitation and
ground-water recharge from precipitation (1931-60)

Area: From planimeter survey of isohyetal map by Covington and Williams (1972al.
Estimated ground-water recharge: Based on method of Hood and Waddell (1968, p. 22-23).

Estimated qround-water
Precipitation Estimated averaqe recharge

zone Area preci pitation Percent of
(inches) (acres) Feet Acre-feet preci pitation Acre-feet_ ..._-------

Less than 6 34,200 0.46 15,700 0 0
6-8 1,065,300 .58 618,000 0 0
More than 8

(less than 10) 24,500 .68 16,700 0 0
8-10 420,900 .72 303,000 0 0
More than 10

(less than 12) 8,500 .84 7,100 0 0
10-12 188,000 .88 165,000 .5 830
More than 12

(less than 16) 5,400 1.02 5,500 .5 30
12-16 172,300 1.12 193,000 1 1,930
16-20 63,300 1.46 92,400 5 4,620
20-25 26,800 1.79 48,000 15 7,200
25-30 22,300 2.19 48,800 20 9,800
More than 30 15,400 2.54 39,100 25 9,800

----

Totals
(rounded) 2,050,000 1,550,000 34,000

or 3,203 mi 2 or 47 ft 3 /s
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streams in the Henry Mountains are perennial in their upper reaches (Goode and
Olson, 1977, p. 27) but are intermittent or ephemeral in their lower reaches.
All minor streams at lower altitudes are ephemeral except lower Salt Wash,
which receives perennial flow from Caine Springs.

Fremont River

The Fremont River heads in the mountains west of the area shown on plat~

1. Upstream from the study area, the streClm i s regulClt~d and muC'h of t.hl'
water is diverted to irrigated lands. (See Bjorklund, lc)()CJ, p. H,-ln.)

Unused streamflow, irrigation return flow, and the discharge from seeps nnd
some large springs flow from the upper valley past BicknelJ into the study
area. This inflow is gaged at gaging station 3300, and averaged 65,060 acre
ft (80 hm ) per year for 22 years of record (U.S. Geol. Survey, 1977, p. 202).

Sulphur Creek heads on Thousand Lake Mountain northwest of Fruita, where
average annual precipitation exceeds 30 in. (762 mm). The stream is ungaged,
but at Fruita, downstream from several diversions, the fl§w (into the Fremont
River) is estimated to average about 4,000 acre-ft (4.9 hm ) per year.

Pleasant and Oak Creeks head on Boulder Mountain southwest of Fruita,
where precipitation exceeds 30 in. (762 mm) per year. Discharge of these
streams is relatively consistent due to permeable soils and good vegetative
cover in the watershed. Oak Creek generally contributes little directly to
the flow of the Fremont River because most of its flow is divefted for
irrigation where that stream joins Sandy Creek. An alloted 6.3 ft Is (0.18
m3/s) of water is diverted from Pleasant Creek for irrigation at Notom. Flows
in excess of this allotment enter the Fremont River just below station 3302.1.
During water years 1970-72, the average at station 3302.1 was 2,300 acre-ft
(2.8 hm3) per year.

Muddy Creek

MUddy Creek heads on the Wasatch Plateau northwest of Emery (fig. 1),
and enters the study area at station 3321 (pI. 1). Upstream from station
3321, water is diverted from Muddy Creek for irrigation, and much of the time
the flow at the station (which replaced station 3325) is return from
irrigation; this flow is periodically combined with ephemeral flows (chiefly
stream runoff) that can be large. During the 15 years of records between
19~0-76, the annual discharge at station 3321 averaged 10,720 acre-ft (13
hm). (See U.S. Geological Survey, 1977, p. 207.)

The only perennial tributary to Muddy Creek in the study area is Salt
Wash, the flow of which heads at Caine Springs. Based on a few miscellaneous
me~surements (t~ble 5), the average discharge from the springs is only about 2
ft Is (0.057 m Is) or about 1,400 acre-ft (1.7 hm3) per year. The flow in
Salt Wash apparently varies with the fluctuation of springflow as noted on
page 37.

Muddy Creek between stations 3321 and 3328 at the mouth loses a
substantial but unknown amount of water to evapotranspiration and possibly to
localized seepage loss. At times the creek goes dry between Salt Wash and the
mo~th indicati~ a minimum loss (chiefly to evapotranspiration) of at least 2
ft Is (0.057 m Is). Because of these losses, it is estimated that the normal
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dischar§e at short-term station 3328 would be no more than about 20 ft3 /~
(0.57 m /~), but considering that the creek has a drainage area of 1,552 mi
(4,020 km ) and that there are periodic large cloudburst floods, the long-term
average discharge may be larger.

Dirty Devil River

Formed by the union of the Fremont River and Muddy Creek, the Dirty
Devil River flows generally southward to the Colorado River (pI. 1). The
Dirty Devil River near Hanksville flows most of the year, but it frequently is
dry, or nearly so, during summer when irrigation diversions and
evapotranspiration consume the water that would otherwise ent,er this lower
reach. Evapotranspiration within this reach during summer removes' uill more
of the flow.

The Dirty Devil River receives little perennial inflow downstream from
Hanksville. Only a few small springs, such as Angel Cove Spring (table 7),
flow directly into the river. Springflow from Beaver Wash in the summer of
19~7 was estim~ted by D. J. Williamson (oral commun., 1977) to be about 0.5
ft /s (0.014 m /s). Sets of miscellaneous measurements at sites 25 and 26
(pI. 1 and table 5), where the stream crosses the outcrop of the Navajo
Sandstone, also indicate little, if any, ground-water seepage to the river
from the formation.

Surface outflow from the Dirty Devil River basin is measured at station
3335 (pl. 1). During tfe 29 years of record, the annual discharge averaged
68,760 acre-ft (84.8 hm). (See u.S. Geological Survey, 1977, p. 217.) As
noted on the table on page 25, the record for the station is poor because of
streambed conditions. The record, moreover, represents flow at two different
sites which are 28 mi (45 km) apart. The record for 1948-64 is for the
station location near the mouth and the record includes a period of about 10
years of drought. The record for 1964-76 is for the upstream site and
includes a period that was mainly wet.

Figure 12 shows the relation of streamflow at the two sites for station
3335 to precipitation in and near the drainage basin. The graph indicates
that the flow in the 28-mile (45-km) reach may be supplemented by effluent
ground water. The slope of the double-mass curve in figure 12 shows that the
lower site has a larger discharge for a given amount of precipitation in the
drainage basin than the upper site. Moreover, despite the large annual
discharges that may have been due to thunderstorm activity, the discharge at
the lower site was generally larger than can be accounted for by considering
the small drainage area between the two locations--a drainage area of low
precipitation and high rates of evaporation.

Relation of runoff to precipitation

The long-term runoff generated by precipitation on the lower Dirty Devil
River basin is lost almost entirely to evapotranspiration and infiltration
within the basin. Although substantial quantities of water are discharged
from the lower basin during wet periods, all the precipitation on the study
area and part of the inflow in Muddy Creek and the Fremont River are lost
before reaching the mouth of the Dirty Devil River during dry periods;
consequently, long-term net outflow is negligible.
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That net long-term runoff from precipitation within the lower Dirty
Devil River basin is negligible can be demonstrated in two ways. First, and
simplest, is subtraction of the average inflow at stations 3300 and 3321 (or
3325) from the outflow at station 3335 (table 3); a net loss of about 7,000
acre-ft (8.6 hm3) is obtained. This loss is less than 0.5 percent of the 1.55
million acre-ft (1,911 hm3) for the 1931-60 average annual precipitation on
the study area. Second is by examining the records of precipitation and
streamflow for the period 1951-57, inclusive, for which the records for
stations 3300, 3325, and 3335 are directly comparable. The net average annual
runoff from the lower Dirty ~evil River basin during this 7-year period was
about 13,600 acre-ft (16.8 hm ), or a gain amounting to about 0.9 percent of
the average annual precipitation. Further confirmation of the relaj- )nship of
runoff to precipitation has been obtained by relating the net annual runoff to
the measured annual precipitation (1951-57) at weather stations that bracket
the area. Two moderate-altitude stations, Loa (or Emery) and Fruita, and two
low-altitude stations, Green River and Hanksville, were used; the annual
precipitation at the four stations was averaged for eacn of the 7 years and
related to the net runoff in the lower Dirty Devil River basin for that year.
(See fig. 13.) The relation for the 7-year period shows that runoff from the
lower basin will occur only when the four-station annual average precipitation
exceeds about 6 in. (152 mm). The relation probably represents the long-term
runoff because the 1931-60 average annual precipitation at the four stations
was 6.28 in. (160 mm) and the 1951-57 average, coincidentally, was 6.29 in.
(160 mm).

Chemical quality of surface water

The chemical quality of surface water in the Dirty Devil River basin has
been described by Mundorff (1979). Water in the Fremont River near Bicknell
is fresh and mainly of the calcium bicarbonate type. Below the junction of
the Fremont River and Sulphur Creek, the river water is also fresh, but it
acquires additional dissolved solids in which the sulfate ion increases the
most. Downstream, the mineral content varies seasonally depending on ~he rate
0 3streamflow, but at the larger rates of flow--on the order of 100 ft Is (2.8
m Is)--the river water generally is fresh to slightly saline, despite saline
inflow from tributaries.

Muddy Creek at station 3321, where the stream enters the study area, is
a slightly to moderately saline water of a mixed type in which the dominant
anion is sulfate. The water passing this site has been degraded in quality by
the effects of irrigation upstream from the site. Downstream, the chemical
quali ty of Muddy Creek degrades because of evapotranspiration, solution of
minerals from the fluvial sediment generated from such formations as the
Moenkopi Formation, and inflow of mineralized ground water, the principal
source of which is Caine Springs. Within the San Rafael Swell, the streamflow
is a moderately saline water, in which sodium and sulfate are the dominant
ions. This type of water persists to the mouth where Muddy Creek joins the
Fremont River.

Water in streams tributary to the Fremont River mainly is fresh in
headwater areas (Mundorff, 1979, table 1; Goode and Olson, 1977, tables 5 and
7), but where such streams as Pleasant Creek pass through lower areas before
joining the Fremont River, the water gains in mineral content mainly because
of evapotranspiration and solution of mineral constituents from fluvial
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sediment. Some intermittent and ephemeral streams, such as Caineville Wash,
contain accumulations of salt in their channels deposited by previous flows or
evaporating ground water. Those streams contribute relatively small
quantities of water, but most frequently when thunderstorm runoff occurs, the
water is saline because of the re-solution of accumulated salts in the
streambeds.

The chemical quality of streamflow leaving the study area is indicated
by the record for station 3335 on the Dirty Devil River. Although the
dissolved-solids concentration at this station ranges widely during the year,
the water generally is slightly saline.
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The chemical quality of water in the fall of 1975 at sites where Muddy
Creek and the Fremont River enter the study area and the Dirty Devil River
leaves the area is shown in plate 4 for comparison with the chemical quality
of water in the Navajo Sandstone. (See discussion on p. 45.)

Ground water

Recharge

Ground-water recharge in the study area is principally from
precipitation that falls within the area. A small but unknown amount of
recharge results from stream inflow to the area. Also, relath'ly small
quanti ties of recharge may occur where ground water flows into the area,
principally along the strike of fractured beds in the western San Rafael Swell
and west of the swell. Streamflow is a source of recharge where streams,
principally the perennial tributaries of the Fremont River, cross outcrops of
permeable rock where the ground-water level is below the streambed. Recharge
is induced from the lower Muddy Creek and the Fremont River where locally
dense stands of phreatophytes grow and consume the induced recharge.

The gross volume of recharge from precipitation in the lower Dirty Devil
River basin area (pI. 1) is estimated to be 34, 000 acre-ft (42 hm3) per year.
(See table 4.) This figure is based on the method of Hood and Waddell (1968,
p. 22-23), which assumes that a fixed percentage of the average annual
precipitation becomes ground-water recharge, taking into account such factors
as local geology and physiography and the volume, time, and area of
distribution of precipitation. The volume estimated includes not only direct
recharge from precipitation but recharge from streamflow originating within
the area.

Most recharge occurs during the snowmelt season of spring, and some
recharge may occur during winter in the lower areas where the ground is not
frozen. Some recharge occurs in summer along the Fremont River, possibly
along upper Muddy Creek, along Pleasant and Oak Creeks, and the small
perennial streams, such as Bull Creek on the flanks of the Henry Mountains.

Most of the ground-water recharge enters the system in the mountains
where direct precipitation is greatest and where the mantle of colluvium and
streambed alluvium maintains a saturated zone in contact with the underlying
bedrock aquifers. Relatively little recharge occurs in the lower part of the
area mainly because the rate of evapotranspiration exceeds the lower rates of
precipitation and recharge to the bedrock aquifers which are poorly exposed or
are steeply sloping (fig. 6). However, in such areas as the San Rafael
Desert, where the precipitation is only about 6 in. (152 mm) per year, a small
amount of recharge may occur when summer thunderstorms pass over areas covered
with dune sand; otherwise, thunderstorms are not effective sources of recharge
water because the duration of the storms is short and runoff is rapid.

The Navajo Sandstone receives more of the 34, 000 acre-ft (42 hm3) per
year of recharge than any other bedrock formation in the study area. The
estimated maximum direct §echarge to the sandstone aquifer in the study a§ea
is 7, 000 acre-ft (8.6 hm ) per year, or an average rate of about 9.7 ft /s
(0.27 m3/s). This figure does not include possible recharge by
interformational leakage, such as in local fractured areas on the west flank
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of the San Rafael Swell and in Water pocket Fold, where the basal Carmel
Formation probably contributes calcium sulfate laden water (p. 46), and in the
Red Desert, where some upward leakage may occur along the Caineville anticline
(Hood and Danielson, 1979, p. 34). The figure does include recharge directly
from precipitation in the main area of outcrop (pI. 2) and the area of
Thousand Lake Mountain, and recharge from perennial streams that cross
outcrops of Navajo. Recharge from ephemeral stream channels on the Navajo
(fig. 14) is estimated to be little more than that from direct precipitation
on the channels.

In the deeply incised canyon of the Fremont River that cuts through the
Waterpocket Fold, the Navajo Sandstone discharges some water to and receives
recharge from the Fremont River. Miscellaneous streamflow measurements at
sites 3, 4, and 5 (pI. 1) near the lower, mi ddle, and upper parts of the
sandstone outcrop traversed by the stream were made to define the stream
aquifer relationship. Analysis of the measurements and consideration of the
characteristics of the sandstone aquifer indicate ~ probable net loss from the
river to the aquifer of about 1 ft3 /s (0.028 m Is) during the 2 years of
measurements. The loss is a net loss because the water level for test well
(D-29-7)15dbd-1 indicates that in the approximate lower third of the reach of
the river across the sandstone, the river must be gaining from the aquifer.

The writers believe the present rate of recharge is less than that
maximum rate (7,000 acre-ft or 8.6 hm3 per year) cited above. Considering the
data given for the Navajo Sandstone in the section on ground-water discharge
(p. 37), the average annual rech~rge during modern time probably has totaled
only about 5,000 acre-ft (6.2 hm). This conclusion is in part confirmed by
isotope studies that indicate most of the ground water in the Navajo entered
the aquifer 15,000 to 20,000 years ago during Pleistocene time. For the 198
million acre-ft (240,000 hm3) stored in the formation (p. 36), this age
indicates

3
that an average annual rate of recharge of 9,900 to 13,200 acre-ft

(12-16 hm ) would be required to move the older water to the sampling points.
Because more recharge water was available during the Pleistocene Epoch, the
present rate should be less than the maximum 7,000 acre-ft (8.6 hm3) per year
cited above.

Occurrence and movement

Ground water in the study area occurs under confined, perched, and
unconfined conditions; each of these conditions has special significance in
several areas. Ground water in the consolidated rocks is unconfined in and
near outcrop areas along the Dirty Devil and Green Rivers, in and near the San
Rafael Swell, and in and near the Henry Mountains and the mountains along the
western edge of the st udy area. Downgradient from these outcrop areas, the
water level intersects the bottoms of overlying confining beds, and beyond,
the ground water becomes confined. The largest confining artesian pressure
found in the study area is in the Navajo Sandstone at well (D-28-8) 33cdd-1 S
(table 6), in which the static water level was 183.5 ft (55.9 m) above land
surface.

Water in several aquifers differs in occurrence at any given site due to
differences in recharge and permeability. For example, the Navajo Sandstone
is drained or is partly saturated over a broad area between the Dirty Devil
and Green Rivers because of its relatively higher permeability and because
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Figure I~.- View of south wall of Fre
mont River canyon at about NEtNWt
sec. 20, T. 29 S., R. 7 E., showing
ephemeral flow from side canyon de
veloped along joint in Navajo Sand
stone. Flow occurred immediately
after a thunderstorm. The storm
water on outcrop of very low perme
ability provided little, if any, re
charge, but concentrated flow in the
canyon may have provided some recharge.
Waterfall is approximatel y 30 feet (9
m) high.

recharge to the Navajo there occurs mainly as small amounts of downward
leakage from the overlying rocks. In the same area, ground water in the
overlying Carmel Formation and Entrada Sandstone is perched and yields water
to springs and shallow wells.

Perched conditions also occur locally in the Salt Wash Sandstone Member
of the Morrison Formation, which yields flowing artesian water to (D-28
7)36bbb-1; the water is perched with respect to that in the Navajo Sandstone.
(See Hood and Danielson, 1979, p 34.)
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Most ground water in the unconsolidated rocks is unconfined. Confined
conditions occur only along parts of the flood plain of the lower Fremont
River where fine-grained alluvium overlies deeper coarse-grained alluvium.

Ground water moves downgradient from recharge areas to discharge areas
chiefly along paths of greatest transmissivity. The direction of movement is
generally depicted by maps of the potentiometric surface. For most of the
formations listed in table 1, there are insufficient data to construct
potentiometric-surface maps. The study area, however, is a part of the
regional study by Hanshaw and Hill (1969, p. 267-280), who used petroleum-test
data to show the gross features of the potentiometric surfaces in Paleozoic
aquifers. The maps they constructed (Hanshaw and Hill, 1969, figs. 2 and 6-8)
indicate that ground water west of the Green River moves generally southward
from areas north and northwest of the San Rafael Swell, past the swell and
Henry Mountains, whence Permian and Upper Pennsylvanian rocks apparently
discharge the water southeastward to the Colorado River south of the area
described in this report. Ground water in the Mississippian rocks, for the
most part, moves from the Henry Mountains area southwestward parallel to the
Colorado River and toward distant areas of discharge.

Of the younger aquifers, a potentiometric-surface map is provided only
for the Navajo Sandstone as shown on plate 4 of this report; however, it can
be assumed that the potentiometric surface for the Wingate Sandstone is
similar because the two formations share common areas of general outcrop and
similar structural distortion.

The potentiometric-surface map for the Navajo Sandstone (pI. 4) shows
that ground water moves from the Thousand Lake Mountain-Waterpocket Fold area
both eastward toward the canyon of the Dirty Devil River and southward along
the axis of the Henry Mountain structural basin. Based largely on widely
scattered, reported data and on the inference of little or no recharge to the
sandstone aquifer along the San Rafael Swell, it can be inferred that some
water entering the aquifer ultimately moves east-northeastward to the Green
River.

Fragmentary water-level data for aquifers younger than the Navajo
Sandstone show that ground-water movement in them is largely from their local
outcrops to the nearest lower drainage that is cut into them. Water levels in
the Entrada Sandstone near Hanksville have been changed by the long period of
small withdrawals from the several domestic wells in the area. Based on the
few water levels for wells in the Entrada, it can be inferred that in most of
the area where the Entrada underlies the pediments north and east of the Dirty
Devil River, ground water moves downdip to the nearest incised drainage. At
Hanksville, however, the occurrence of freshwater in the Entrada is an areal
anomaly which indicates direction of movement. At this location, the Entrada
dips westward from outcrops along the Dirty Devil River canyon and is
interrupted by faults north of the town. Water in the formation is freshest
near the center and eastern part of the town and becomes more saline westward.
The relation of water-level altitude, chemical quality of water, and formation
dip lead to the conclusion that freshwater is moving to the Hanksville area
from the south and probably from the southeast, thus indicating that recharge
to the sandstone aquifer is from (1) the accumulation of a small amount of
recharge from the dune-covered area on the higher land east and southeast of
town, or (2) infil tration of streamflow in and downstream from the Henry
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Mountains with subsequent movement along the formation strike, or (3) upward
leakage of freshwater from the Navajo at or south of the town site. The
latter is least probable; the occurrence is probably a combination of the
first two. The freshwater moves from the Hanksville area toward the Dirty
Devil River which has incised the Entrada northeast of the town.

Storage

Estimates of ground-water storage are made only for the Navajo
Sandstone, the Wingate Sandstone, and the Coconino Sandstone, including its
lateral facies equivalents. The estimates for the Wingate and Coconino are
based on their thicknesses (from data in table 8) as approximate percentages
of the thickness of the Navajo on an areawide basis. The estimat:v for all
three geologic units are as follows:

Volume of Recoverable water

ground water in transient

Estimated in transient Assumed storage, assuming

Average Area effective storage specific complete drainage

thickness (square porosity (millions of yield (millions of

Formation (feet) miles) (percent) acre-feet) (percent) acre-feet)

Navajo Sandstone 800 2,580 20 1981 9 89

Wingate Sandstone 400 2,200 20 110 5 28

Coconino Sandstone 700 2,700 20 240 8 98

Totals (rounded) 550 210

1 An estimated 75 percent of the sandstone within the area is saturated.

Th~ three sandstone aquifers, thus, contain about 200 million acre-ft (246,600
hm) 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 the Emery, Ferron, and Sandstone Members,
Salt Wash, Entrada Sandstone, and rocks of Mississippian age cannot be
estimated from the available data, but it is probable that the total volume is
considerably less than that stored in the Navajo, Wingate, and Coconino
Sandstones.

The ground-water system in the lower Dirty Devil River basin area is
almost unaffected by development. Other than the concentration of small
domestic wells in Hanksville that withdraw water from the Entrada Sandstone
and well (D-31-7)36dad-1S, a single irrigation well (table 6) in the Navajo
Sandstone, withdrawals from wells are limited to a few widely scattered low
yield stock and domestic wells each finished in at least one of six aquifers.
The estimated pumpage from the entire ground-water system in 1977 probably did
not exceed 1,000 acre-ft (1.2 hm3) , and the withdrawal therefore, for
practical purposes, did not change the volume of ground water in storage.

Most of the water-level changes in wells in the study area are due to
small natural changes in storage. Figures 15 and 16 show the fluctuations of
water levels in selected observation wells and figure 15 shows the cumulative
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departures from average annual precipitation at the three weather stations in
the study area, together with brief explanations of the causes of fluc
tuations. Water-level records from all observation wells in the study area
are given in table 9.

Indirect information on water-level change also is provided by the
fluctuation of discharge (fig. 17) from the Caine Springs. The perennial
spring area (fig. 18 and table 7) rises along fractures in the crest of an
anticline (pI. 2); although the surface source is the Carmel Formation,
chemical quality of the springflow and the potentiometric surface in the
general area indicate that at least part of the spring water is derived from
the Navajo Sandstone by upward leakage.

Discharge

Ground-water discharge in the study area equals the estimated ground
water recharge for that area (table 4). The discharge consists of discharge
to streams, outflow in bedrock aquifers, evapotranspiration, and the small
amount of pumpage noted in the section on storage. None of the means of
discharge can be precisely quantified, but evapotranspiration is the largest.

Navajo Sandstone

Discharge from the Navajo Sandstone occurs principally in two areas--to
the surface in the Dirty Devil River and by subsurface outflow down the Henry
Mountains structural basin (pI. 2) as shown by the potentiometric-surface
contours on plate 4. A small amount of water may move northeastward toward
the Green River. Discharge by upward leakage is assumed only at Caine
Springs.

Two estimates of discharge were made based on values for hydraulic
conductivity (K) derived from study of the Navajo Sandstone near Caineville-
0.5 ft/d (0.15 mid) and 1.7 ft/d (0.52 mid). For the area at the Dirty Devil
River canyon the flow of water across the 4,400-ft (1,340-m) potentiometric
surface contour was calculated using estimated slopes of the potentiometric
surface, values for transmissivity (T) derived from the assumed values for K.,
and the saturated thickness of the sandstone as estimated from data in figures
3, 4, and 6. For calculations of the flow through the Henry Mountain
structural basin, the same values of K and means of deriving values for T were
used. A potentiometric slope of 30 ft/mi (5.7 m/km) was used, based on a few
water levels in wells 15-20 mi (24-32 km) southeast of the study-area
boundary. The width of the section in the structural basin is about 14 mi
(22.5 km). The sum of these two values were then compared with the flow
across the 5,000-ft (1,524-m) potentiometric-surface contour (pl. 4), again
using the same values for K and means of deriving T. The results are
summarized in the following table.
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Spring discharge rises or falls as artesian pressure
rises or falls. Oischarges plotted are obtained
from gage heights from automatic recorder and the
rat iog of a V-notch wei r. The rise in discharge at
A corresponds to the recovery of water levels after
a 35-day aquifer test at .ells in the Navajo Sand
stone, 10 miles southwest of the spring (Hood and
Oanie Ison. 1979) The ascI I lat ions on January 8.
1976. may indicate structural adjustments of frac-
tUfes due to tn,8 rising artesian pressure. Diurnal
fluctuations shown at B are due to evapotranspira
tion by the dense vegetation around the springs.
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A. Aerial view westward of the Caine Springs in the
northeastern part of T. 27 S., R. 8 E., shows
barren, dissected slopes of the Carmel Formation
(C) and terrace deposits (T) along Salt Wash.
The only dense vegetation is where springflow
prov ides water. The spr ings are the head of
perennial flow in Salt Wash, and they discharge
about 2 ft 3/s (0.057 m3/s). Arrow indicates
approximate location of 9age for recording dis
charge of spring (D-27-8)12cca-SI.

Figure 18.-Photographs

Area

Outflow:
Dirty Devil River canyon
Henry Mountain basin

Totals (rounded)

Assumed hydraulic conductivity (ft/d)
0.5 1.1

(ft 3/s) (acre-ftlyr) (ft 3/s ) (acre-ft/yr)

2.6 1,900 9.2 6,600
2.3 1,100 1.9 5,100

4.1 3,600 11.0 12,300

Flow across 5,000-ft
potentiometric-surface
contour 4.8 3,500 16.0 11,600

The data in the table above raise the question of which value for K is
most nearly correct. This can be partly evaluated from the gaged streamflow
in the Dirty Devil River canyon at sites 25 and 26. (See table 5.) The reach
of the river between the two sites is about 1.1 river miles (11.4 km) and
amounts to the lower 10 percent of the 9.8 mi (15.8 km) of the channel that
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B. Gage for recording gage
notch weir below spring
grasses and hydrophytes
posits in sp.ring area.
17 gal/min (1.1 L/s) on
fig. 17 and table 13.)

height of pond behind V
(D-27-8)12cca-SI. Dense
grow in bogl ike peaty de
Discharge of spring was
November 21, 1975. (See

of the Caine Springs area.

crosses the outcrop of the Navajo Sandstone. Miscellaneous pairs of
measurements in 2 consecutive years (table 5) show no significant gain in
river flow across the outcrop. The larger calculated value for ground-water
discharge to Dirty Devil River canyon, 9.2 ft3/ s (0.26 m3/s), is about 50
percent of the river flow measured on September 21, 1976. If that amount
actually entered the Dirty Devil River, it would have been readily apparent in
the September 21 measurement. Af'ter deducting the 3known springflow to the
river in the reach, the smaller value of' about 2 ft / s (0.057 m3/ s) is near
the probable gaging error. After allowing for some evaporation on the outcrop
and from the river, it is probable that the smaller value for discharge from
the Navajo, thus, went undetected.

Utilizing the digital model, the best fit to measured potentiometric
surface data for the area west of Muddy Creek and the Dirty Devil River was
obtained by using the value K = 1 ft/d (0.3 mid) and a flux of 7.2 ft 3 /s (0.2
m3 /s) , including the smaller discharge noted in the table above, plus approx
imately 0.5 ft 3 /s (0.014 m3 /s) to the Green River near the mouth of the San
Rafael River and 2 ft 3 /s (0.057 m3 /s) at Caine Springs. Thus, the discharge
from the Navajo Sandstone in the lower Dirty Devil River basin area is esti
mated to be about 5,000 acre-ft (6.2 hm3) per year.
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Other consolidated rocks

Discharge of ground water from the other consolidated rocks could not be
calculated. However, the rocks younger than the Entrada Sandstone djscharge
mainly in the study area; a part of the water in the Ferron Sandstone Member
of the Mancos Shale probably flows out of the area and down the Henry Mountain
structural basin. Ground water in the Entrada and Carmel Formatjons
discharges locally within the study area and in the same principaJ djscharge
areas as those described for the Navajo Sandstone. Rocks from the Kayenta
Formation down to the Cedar Mesa Sandstone Member of the Cutler Formation also
discharge to the canyon of the Dirty Devil River and down the Henry Mountain
structural basin. Circulation in the latter area is confirmed by the
occurrence of fresh to slightly saline water in petroleum-test we] Is in the
structural basin as far south as 15-20 mi (24-32 km) from the southern border
of the study area.

Evapotranspiration

Evapotranspiration consumes an estimated minimum 30,000 acre-ft (37 hm3)
of ground water annually. Most of the evapotranspiration occurs in the bottom
lands of the Fremont River and MUddy Creek, and the lower reaches of the
larger north flowing tributaries from Dry Valley Wash on the east to Sandy
Creek on the west along the Waterpocket Fold. These areas are classified as a
greasewood community by Hackman (1973) and are in an area where the growing
season ranges from about 140 to more than 180 days per year (Covington, 1972).
The area of greasewood (Sarco~atus vermicuZatus) as shown by Hackman includes
a bout 52,000 acres (21, 000 hm2). The area also contains sal tcedar (Tamarix
gaUica) and cottonwood (PopuZus fremontii) , as well as areas of smaller
phreatophytes. Saltcedar grows in sparse to locally dense stands at the edges
of perennial channels and in cutoff meanders; cottonwood and greasewood
generally grow on the adjacent terraces. At well (D-28-10)22abc-1, scattered
healthy greasewood, 3 to 5 ft (0.9 to 1.5 m) high, cover the terrace above the
Fremont River, where the minimum depth to water is about 12 ft <3.7 m);
evapotranspiration lowers the water level in the well about 1 ft (0.3 m)
during the growing season. (See table 9.) In these low areas aJ ong the
Fremont River and Muddy Creek, the rate of evapotranspiration exceeds the
equivalent annual consumpti ve use of al fal fa (Medicago sativa) as calculated
from data in Criddle, Harris, and Willardson (1962, p. 12, 41) and may be, at
maximum, 5 ft (1.5 m).

In addition to the areas along the streams, there are numerous but small
areas (not mapped by Hackman) ranging in size from a few square yards as at
Willow Seep, (D-28-8)5abd-S1, to several acres as at Caine Springs. (See fig.
18.) Characteristically, such areas as Willow Seep exhibit a patch of bright
green wiregrass (Juncus sp.), a dense growth of saltcedar, or perhaps a single
cottonwood, with only moist saline soil during the summer. With the first
freeze of the year, the area then begins to discharge a small ~mount of water.
These small areas aggregate an estimated 8,000 acres (3,200 hm ), and combined
wi th the a:fea mapped by Hackman give a total area of about 60, 000 acres
(24,300 hm) in which the ground-water component of consumptive use is
estimated to average about 0.5 ft (0.15 m) per year--that is, 30,000 acre-ft
(37 hm3) per year.
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The bulk of the lower area consists of barren lands (fig. 19) or those
covered with a generally sparse growth of xerophytes (fig. 20). At higher
altitudes, vegetation type changes and density increases (figs. 21 and 22),
owing to increased precipitation and decreased temperatures. Although there
are numerous springs in the mountains, most of the precipitation falling there
is consumed at or near the point of fall; most of the springflow ultimately is
consumed downstream.

Chemical quality of ground water

The chemical quality of ground water in the lower Dirty Devil River
basin area ranges from fresh to briny. Tables 13 and 14 give chemical
analyses of water samples from formations ranging from Devonian to Holocene in
age. Table 1 includes brief descriptions of the chemical characteristics of
water from several of the formations.

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 from the recharge area, the permeability of the rocks, and the
amount of easily dissolved minerals in the rocks. Thus, mountain springs,

Figure 19.--View southward from near center of sec. 26,
T. 26 S., R. 9 E., showing Factory Butte with Henry
Mountains in background. The Emery Sandstone Member
(E) of the Mancos Shale caps the butte. The Blue Gate
Member (BG) and the Tununk Member (foreground) of the
Mancos Shale have such low permeabil ity that they re
ject almost all available water; the shales support no
vegetation and thei r weathered surfaces contribute
significantly to the sediment loads of streams.
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such as (D-27-4)36cbb-S1, have low dissolved-solids concentrations because
they discharge from shallow rocks near or in recharge areas that have been
leached and contain mostly minerals of low solubility; conversely, some
petroleum-test wells, such as (D-29-15)20add-1, that tap deeply buried
aquifers, produce brine or very saline water because of slow circulation over
long distances from recharge areas.

The Navajo Sandstone contains water that ranges from fresh to briny and
varies in chemical type. Plate 4 shows selected analyses, by means of
patterns, which indicate the types of water found in the sandstone aquifer,
together with the chemical quality of the inflow and outflow in streams. The
figure, when compared to the potentiometric surface (pI. 4), indicates that
part of water stored in the northwestern part of the study area is a brine of
the sodium chloride type, and that with mixing as the water moves
downgradient, the brine is diluted. The brine may be the result of upward
leakage, but it is equally possible that it comes from downward leakage from
the Carmel Formation. (See description on Carmel Formation, table 1, and the
remarks for petroleum-test well (D-25-5) 14dbb~2, table 8.) Elsewhere, water
in the Navajo, such as at well (D-26-8)6abb-1 and spring (D-29-7) 18bdd-S1 , is
of the calcium sulfate type and probably indicates that small quantities of
water leak down from the overlying Carmel Formation, which is rich in gypsum.
These occurrences emphasize the fact that some natural interformational
leakage must take place, if only in small quanti ties, because the sandstone
aquifer in or near recharge areas contains freshwater. For example, samples

Figure 20.-View west-northwestward from about the swtswt
sec. 27, T. 25 S., R. 12 E., showing a part of the San
Rafael Desert and the southeast side of the San Rafael
Swell. Foreground shows stabil ized windblown sand with
a moderate growth of xerophytes. In the swell, I ight
colored Navajo Sandstone dips steeply eastward beneath
Carmel Formation, the base of which is marked by dark
colored flatirons (arrow).
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from well (D-31-7)36dad-1S and spring (D-29-15)14dbb-S1 were fresh and of the
calcium magnesium bicarbonate type--a type that would be expected of a
formation that contains little readily soluble material and generally has a
silica cement.

Water in the Navajo Sandstone seems chemically unrelated to water
entering the study area in Muddy Creek, but it may be related to that in the
Fremont River. For example, the analysis of the sample from U.S. Geological
Survey test hole 4, (D-29-7)15dbd-1, indicates that water in the Navajo there
probably is a mixture of the sampled water that discharges at spring (D-29
7)18bdd-S1 and water sampled from the Fremont River at Fruita.

Sampled springs in the canyon of the Dirty Devil River yield calcium
bicarbonate type rather than water of the sodium chloride type that moves
through the Navajo toward the river north of Hanksville (pl. 4). The water in
the river at station 3335 is of the calcium sulfate type and includes ground
water discharged from formations that both overlie and underlie the Navajo.
From these data, it can be inferred that discharge of water of the sodium
chloride type from the Navajo is only localized and small in quantity.

Analyses of water from the Navajo Sandstone were run through the
computer program, WATEQ (Truesdell and Jones, 1974), which calculates the
equilibrium distribution of inorganic aqueous species of major and important
minor elements. For the data available, the calculations show that most of
the water in the Navajo Sandstone contains carbonate species, such as calcite

Figure 21.-View of the west flank of Mount Ellen in the
Henry Mountains. Talus slopes (T) along flanks of in
trusive igneous rock provide good area for local re
charge from precipitation, but igneous rock and shale
that underl ie the area inhibit deep percolation of re
charge and promote surface runoff. Vegetative cover is
mainly mountain brush.
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Figure 22.-View west-northwestward from location
NW~ sec. 25, T. 27 S., R. 7 E., showing Cathedral
Valley in the Middle Desert with Thousand Lake
Mountain in background. Sparse xerophytic veg
etat ion (dense shadow) on the mountai n. The
earthy fac i es of the Entrada Sandstone (E) is
preserved where the Summerville Formation (S)
has been removed, but a cap of Curtis Formation
(C) remai ns.

and aragonite, and silica at equilibrium; in some samples, sulfate species,
such as gypsum, is at or near equilibrium. From this equilibrium condition,
it can be inferred that abrupt pressure drops, assuming little or no change in
temperature, could cause precipitation of carbonate species, thus reducing
aquifer permeability of fractured areas and zones near well faces when large
withdrawals are made from wells over a period of years.

EFFECTS OF LARGE-SCALE WITHDRAWAL OF GROUND WATER

In 1975, the Intermountain Power Project planned to install a coal-fired
electric powerplant near Caine Springs. Water for cooling and other purposes
was to be obtained from the Fremont River and from the Navajo Sandstone in
about equal amounts. Estimated needs ranged from 40,000 to 50,000 acre-ft (49
to 62 hm3) per year; the ground-water component therefore ranged from 20,000
to 25,000 acre-ft (25 to 31 hm3) per year. In 1977, a decision was made to
locate the plant outside the study area. However, because there again could
be a need for large-scale ground-water withdrawals from the Navajo Sandstone
in the same area, a simplified example of pumping effects on the hydrologic
system is evaluated below. Calculations were made manually, using the time
drawdown relation described by the Theis non-equilibrium formula (Brown,
1953).
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Basic assumptions

It is assumed that six wells are spaced evenly, 10, 000 ft <3, 048 m)
apart along the crest of the Caineville anticline (pl. 2), and that each well
is pumped at 2,000 gal/min (126.2 L/s) for 13,000 days <35.6 years). It is
further assumed that inter formational leakage is nil, and that the effects of
known boundaries at the Waterpocket Fold and San Rafael Swell will be offset
by a partial transition from artesian to water-table conditions. For a worst
case example, the assumed hydraulic conductivity is 1.67 ft/d (0.51 mid); the
average areal thickness of the sands~one aquifer is 800 ft (244 m), with an
average transmissivity of 1,340 ft /d (124 m2/d). The assumed storage
coefficient is 0.001.

Effect on the potentiometric surface and natural discharge

Based on the foregoing assumptions, by the end of the theoretical 35.6
year pumping period, the potentiometric surface would decline over a large
area and natural ground-water discharge would be reduced accordingly. The
decline would be at least 1,100 ft (335 m) in the center of the well field,
and water in the Navajo Sandstone in that area would become unconfined. The
decline would be at least 450 ft (137 m) beneath the channel of the Fremont
River in Capitol Reef National Park, and that reach would become entirely a
losing stream. The decline would be at least 150 ft (46 m) beneath the
drainage divide that crosses the Henry Mountain structural basin, thus
reducing the southward gradient by at least 30 percent. At Hanksville, the
decline would be about 150 ft (46 m), thus reducing the water-level gradient
toward the river by about 50 percent. Caine Springs and other smaller seeps
would cease flowing because of a decline in the potentiometric surface there
amounting to 200 ft (61 m) or more. At test hole (D-27-7)bcc-2, northwest of
the hypothetical well field, the decline would amount to at least 250 ft (76
m), and saline water stored in the Navajo in that area would flow toward the
well field.

Change in ground-water storage

The ground water pumped under the assumed regimen would come from (1)
storage, (2) induced additional recharge, and (3) the reduction in natural
discharge, as follows:

Item

Pumpage (12,000 gal/min)
Induced additional recharge from Fremont
Reduced spring discharge
Reduced outflow to Dirty Devil River
Reduced outflow down Henry Mountain

structural basin
Induced inter formational leakage from

overlying and underlying formations

Change in storage

49

Probable rate, in cubic
feet per second (rounded)

Minimum Maximum

27 27
River -1 -5

-3 -3
-1 -5

-1 -4

Unknown Unknown

-21 -10



The figures show that storage ch~nges probably would be in the range of
7,200 to 15,200 acr~-ft (8.9 to 18.7 hm ) per year or 256,000 to 541,000 acre
ft (316 to 667 hm ) for the assumed 35. 6-year pumping period. The total
calculated storage change, thus, amounts to a~ estimated 0.3 to 0.7 percent of
the estimated 89 million acre-ft (110,000 hm ) of recoverable water stored in
the Navajo Sandstone.

Effect on the Colorado River

The effects of pumping under the assumed worst-case regimen would reduce
the flow from the Dirty Devil River basin by 5 to 13 ft3;s (0.1 11 tn 0.37 m3;s)
annually or 6 to 14 percent of the long-term average discharge 'v station
3335. This reduction would be less than 0.1 percent of the average annual
flow of the Colorado River as recorded at Hite, Utah (now inundated by Lake
Powell). (See station 09335000, in U.S. Geolological Survey, 1964, p. 362.)
The reduction in discharge down the Henry Mountain structural basin is not
counted, because the most probable discharge point on the Colorado River is at
the end of Waterpocket Fold, slightly more than 60 mi (96 km) from the assumed
center of pumping. Effects of the assumed pumping would be small at that
distance and would not reach the Colorado River (Lake Powell) for many years
after the 35. 6-year pumping period ended. The effect on Lake Powell or
outflow from the Lower Colorado River Basin would be too small to measure.

FURTHER STUDIES NEEDED

In 1978, the amount of ground-water data available on the Navajo
Sandstone in the study area was small, even though detailed information was
available in a small area near Caineville. Even less information was
available on the other aquifers thought to be important. If large-scale
ground-water development should be planned in the area in the future, the
following studies, together with additional supporting data, are considered
necessary to planning the operation of well fields.

1. The flow system in the Navajo Sandstone and other aquifers must be better
defined. In support of this study, more information on the
potentiometric surface is needed for the Navajo Sandstone and other
aquifers. Data are needed most in the area along the southeast side of
the San Rafael Swell, in the Henry Mountain structural basin, and around
the base of the Henry Mountains.

2. Pressure relations among the several aquifers should be defined, because
of the potential for increased or induced interformational movement of
ground water. Although these data are needed throughout the area, they
are especially important along the Dirty Devil River south of Hanksville
and around the Henry Mountains where recharge to bedrock aquifers
possibly occurs by interformational leakage from the surface.

3. From the data acquired under items 1 and 2, a reliable calibrated digital
model of the Navajo Sandstone aquifer should be constructed for
predictive purposes.
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4. The chemical quality of available ground water areally and with depth must
be better known. For example, the areal extent of brine in the Navajo
Sandstone around test hole (D-27-7)7bcc-2 must be more clearly defined
and, if possible, the source of the brine identified, because brine
movement during large-scale withdrawal would cause a progressive
deterioration of the ground-water supply in the sandstone aquifer.

Wi th a better data base, further study of geochemical relations of
ground-water quality to regional flow in the Navajo Sandstone should be made.
For example, ground water from the sandstone aquifer in some areas contains a
substantial amount of dissolved iron, as a test hole (D-29-7) 15dbd-1 (table
13), where the sandstone generally does not contain iron coloration. To the
east of the Dirty Devil River, however, parts of the sandstone show such
coloration. A study similar to that of Schluger and Roberson (1975) may aid
in better defining current and paleohydrologic conditions.

Although the data needed for further study probably should be obtained
by an organized effort when planning future withdrawals, some of the data
could be accumulated through the cooperation of companies exploring for
petroleum and other mineral resources at little or no added cost to those
companies.

SUMMARY AND CONCLUSIONS

Rocks that crop out or underlie the lower Dirty Devil River basin area
range from Precambrian to Holocene in age. 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 lithologic units--older alluvium and terrace deposits, the Emery and
Ferron Sandstone Members of the Mancos Shale, the Salt Wash Sandstone Member
of the Morrison Formation, and the Carmel Formation--are locally important.

The circulation of ground water in the consolidated aquifers is affected
by folding, faulting, and igneous intrusion which locally enhance ground-water
movement by fracturing or impede the movement by offsetting permeable beds or
sealing zones with rock of lower permeability. At least locally, fracturing
also enhances interformational leakage of ground water.

The total hydrologic system in the lower Dirty Devil River basin has an
estimated long-ter~ average annual inflow and outflow of about 1. 6 m~lion

acre-ft (1,970 hm), of which about 1.55 million acre-ft (1,910 hm) is
derived from precipitation on the area, and the remainder is mainly inflow in
the Fremont River and Muddy Creek. An estimated 96 percent of the water
available to the area is discharged by evapotranspiration and about 4 percent
leaves the area as surface flow. Subsurface outflow and withdrawal by wells
are essentially nil.

The estimated long-term average annfal ground-water recharge derived
from precipitation is 34,000 acre-ft (42 hm ); a relatively small part of this
amount recharges the consolidated rocks. Most of the water is consumed by
evapotranspiration within the basin.
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The total amount of ground water in storage cannot be calculated;
however, the Navajo, Wingat~, and Coconino Sandstones contain an estimated 210
million acre-ft (259,000 hm ) of recoverable fresh to moderately saline water.

The estimated average annual rate of recharge to and discharge from the
Navajo Sandsto~e in the lower Dirty Devil River basin area is about 5,000
acre-ft (6.2 hm). This is only 0.006 percent of the recoverable water in the
sandstone aquifer.

On the basis of available data and several basic assump§ions,
calculations show that withdrawal of approximately 20,000 acre-ft (25 hm ) per
year for 35.6 years from a hypothetical well field northwest of .aineville
would reduce the amount of recoverable ground water in the Navajo Sandstone by
0.3 to 0.7 percent. By the end of the 35.6 years, th~ flow of the Dirty Devil
River near its mouth would be reduced by 5 to 13 ftj/s (0.14 to 0.37 m3/s);
this is less than 0.1 percent of the average annual flow of the Colorado River
into Lake Powell.

Large yields--2,800 to 3,000 gal/min (177-189 L/s)--to individual wells
from the Navajo Sandstone have been demonstrated near Caineville but, owing to
the low permeability of the sandstone aquifer, the large yields are
accompanied by large drawdowns. In the simplified example cited above, the
35.6 years of pumping would cause about 1,000 ft (305 m) of drawdown of the
potentiometric surface at a well in the well field.

Maximum well yields from the Wingate Sandstone would be less than from
the Navajo Sandstone--probably on the order of 1,000 gal/min (63 L/s) per well
in fractured areas under artesian pressure--and those yields also would be
accompanied by large drawdowns. At greater depths, the Coconino Sandstone and
its equivalents probably could sustain yields similar to that for the Navajo.
The effects of pumping on other aquifers cannot be estimated.

Ground water in much of the consolidated rock in the lower Dirty Devil
River basin area is saline. The occurrence of freshwater in the area
generally is limited mainly to unconsolidated rocks in and near upland areas,
such as the Fremont River valley above Fruita, and to consolidated rocks in
their outcrop areas. The Navajo Sandstone, however, contains freshwater in a
broad area, but water in the Navajo is degraded locally by interformational
leakage of water ranging from slightly saline to briny.

From the information obtained for the lower Dirty Devil River basin
area, it can be concluded that:

1. Bedrock aquifers in the study area, the thick sandstone aquifers in
particular, can yield additional supplies from stored fresh to slightly
sa3ine water for small-scale development (up to about 5,000 acre-ft [6
hm ] per year) with relatively little effect on the ground-water system.

2. Large-scale development (as much as about 20,000 acre-ft [25 hm3] per
year) of the bedrock aquifers, the Navajo Sandstone in particular, is
feasible. Such large-scale development, however, would have to operate
under the constraints of low permeability and the probability of the
degradation of the chemical quality of water.
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3. Large-scale development would have measurable side effects, including
measurable lessening of streamflow in the lower Dirty Devil River and
cessation of some spring flow. However, the effect on the flow of the
Colorado River would be too small to measure.
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Table 5. --Stream-discharge measurements in the study area

Site No.: Identifies site on plate 2.
Discharge: Measurements are good (S-percent error, or less), except B. fair (B-percent error) and b. poor (more than a-percent error).
Specific conductance: In micromhos per centimeter at 25°C.

Oak Creek 300 fel't ilboVQ diversion dam, 9- 3-75
lH'ar Sandy Ranch

Muddy Creck at road crossing approximately 10- 8-75
I milt' heluw S;llt Wi/sh. near H.1nksville 5-12-76

Oak Creek 2.6 miles below South Fork. 10-28-76
tlCilr Sandy Ranch

Oak Creek 0.75 milt, below South Fork, 10-28-76
n.. nr Sandy Ranch

Remarks

On Navajo Sandstone.

l(('c/;'ssi"l) of flll(ldw<ltl'r.

Near NavLlju-Kayenta (lower) conti-lCl.
pH 8.2.

0.25 mile downstream from Navajo-Kayenta (lower)
contact.

Some floating ice.

Near Nflvajo-Kayenta (lower) contact.

Water nearly clear after being si 1 ty ycst('rday.

160 feet above park boundary [encl'.

Some floating ice.

Near middle of Navajo outcrop.

Approximately 0.2 miles upstream from Navajo-Carml'l
(upper) contact.

0.1 mile below fault through Chinle-Wingate contact.

No flow from mouth of wash, but watl'r seen in South
Salt Wash upstream.

Some thin ice seen downstream.

Near Navfljo-Carmel (upper) contact.
pH 8.2.

All of flow is dischargl' from Cainl' Spring~.

Do.

Site appr;lximately 0.25 mile below g;lging stat lOP
3327.

S itc approximately 300 feet upstTf'<llll frum N,lvilj('
CHrmel (upper) contact.

Sitl' is approximRtely 1.5 miles d,'\~lIstrl'am from
NaV<ljo-C<lrmpl (upper) cont act.

Sit(' is npprdximiltl'ly 0.2') lHill' \lp~lr, :lln It-,'m
Navaj,\-K,lyent,l (low('r) l"'1I11'lct.

No r Iow from 1{(lhb,'rs RPllS t C,myon.

900

670

650

710

460

640

b95
690

340

340

230

275

220

275

275

1,550

4.5

7.5

H.O

10.0

14.0

Temper-
a ture Spec i fic
(CC) conductance

11.0

13.5

13.4
7.0

17.0

20.0

24.5

11.0

24.0

14.0

13.0

12.0 275

20.0 4,000

19.0 4,000

19.0 5.000
12.0 5,000

6,000

20.0 4,500

27.5 5,000

27.5 -8,000
7.0 -8,000

26.0 9,000

15.5 >8,000
24.0 6,000

12.0 6,200

14.5 1,500

16.5

Time Discharge
(ft 3(8)

0810 30.3
0815 30.4

il55 b 28.8
1510 b 29.0

1000 40.7
0600 26.3
1300 fl.}. 6
IJ40 a 90.3
1250 106
1040 88.3
1410 53.4
1006 49.5
1350 29.5
0935 30.6

0800 29.0
1330 78.1
D55 102
1510 50.4
1133 52.3
1600 32.4
1130 29.6

1100 42.0
0700 28.1
1520 85.7
l550 103
1505 104
1240 87.4
1625 50.6
1250 49.4
1815 29.3
1330 27.7

1335 3.27

1445 3.00

1540 5.30
1555 2.90

1435 4.35

1400 6.61

1510 6.62

1330 7.33
lb20 6.52

1500 6.77

1650 5.57
1750 5.24

1515 2.89

1340 2.69

1200 1.55
1050 2.30

1600 .2b

1600 .24

1430 .33

b 1.94
1600 2.34

1405 1.86

1730 2.36
1645 U.5

0915 1.1,O

1805 2J.5
0935 17.7
1102 19.2
0910 b1.1
1015 63.6

1510 17.7

1538 17.5
1500 62.3
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Date

5- 4-77
5- 5-77

5· 4-77
5- 5-77

9-20-76
9-21-76

9-21-76

5-13-'76

8-21-75

9-23-75

8- 5-75
2- 3-76

9-23-75

9-23-75

10- 9-75

10- 9-75

8-21-75
10- 9-75

10- 6-75

8-21-75
10- 9-75

10- 6-75

9-24-75
10- 7-'75

10- 7-75

10-14-77

10-111-77

Measuring sitc

Frl'n1ont Rivl'r ,lbove park diversion, at
Fruita

Fr('mont J{iver 50 fl'pl alwvl' Fish Creek,
[H'i-r '[orrpy

Muddy Creek 300 feet below South Salt
Wash, nel1r Emcry

Muddy Creek at 'fomsLch nutte, near
Hilnksvi1le

Ple,1sant Creek at Pleasant Creek Ranch.
lwar Fruita

Pll'ilsant Creek 1.6 miles below pleasant
Creek Ranch, near Fruita

Pll'ilsant Creek approximately 3.1 miles
below Pleasant Crcl'k R,:mch, near Notom

Pleasant Creek 4 miles bcla..r Pleasant
Creek Ranch, 0('3T N~tom

Muddy Creek 150 feet above Lone Tree
Crossing, near Emery

Pleasant Creek 0.8 mi Ie below Pll'asant
Creek Ranch, near Fruita

Muddy CrN'k 100 fl'col below Delta Mine,
[war Hanksville

Huddy Crcek 900 ft:'et above Salt Wash,
Ill' :Ir Hanksvi Ill'

Fn'mont Rivl'T 2.75 mill' below Grand Wash, 8-22-75
llcar Fruita 9- 3-75

10-30-75
12-17· 75
12-30-'75
3-25-76
5-11-76

10- 6-76
5- 4-77
5- 5-77

Q:lk Creek 3.6 miles below South Fork, 9- 3-75
nl'aT Sandy Ranch 10-28-76

Fn'mont Rivl'r 0.4 mile dllWnstrellm from 9- 3-75
Grand Wash, nein Fruita 10-30-75

12-30-75
5·11-76

10- 6-76
5- 4-77
5- 5-77

Frl'lTlUnt Rivt'r 1.55 mill'S above Grand 8-22-75
W,lsh, nt'e1r Fruit,J 9- 3-75

l()- 30-75
12·17-'75
12-30-75

3-25-76
5-11-76

10- 6-76
5- 4-77
5- 5-77

!'luddy Creek approxi.mately 1 mile above
Salt Wash, near Hanksville

S;l1t Wash at ro,td crossing below Caine
Sprinj.;s, near Hanksville

Muddy Creek 50 (l,{,r helow Well Dr.lw, near
1I,lnksvi lIe

Salt Wash 150 feet above Muddy Cre('k,
nl',lr Hanksvi Ill'

Ilirty Devil IUv('r 13.4 mill'S bt'low Muddy
Creek, near Hanksvi II"

Dirty Dt'vi! RiveT ]00 (I'et I1bnVt> Rohhers
Roost C;lnyOI1, nl';lr Hanksville

II

Si te
No.

12

10

1J

14

Ib

15

17

19

18

22

20

21
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Table 6.--Records of
[See table 8 for water data

Location: See text for ducription of well~ and spring-numbering system. D, well deepened; S, well plugged back in year shown as year constructed.
Owner; Owner at time well was visited by U.S. Geological Survey personnel or listed by driller in Stste Well Driller's Report or given in other State

Federa 1 recordH.
Depth: All depths are reported, except for test holes drilled by the U.S. Geological Survey.
Finish: 0, open-ended pipe with no perforations; P, pipe perforated, generally with acetylene torch; X. open hole below unperforated cBsing.
Principal aquifer: See table 1 for explanation of code and description of lithology.
Altitude: Altitude of land surface at -well. ahove mean sea level. Altitude. to nearest foot are interpolated from topographic maps. except S, determined

by surveying altimeter; those given in tenths or hundreths are surveyed altitudes.
Water level: Below or above(+) land-surface datum at well. Accuracy - G, measured with pres.ure gage; H, calibrated pressure gage; H. mercury manometer;

R, reported; S. measured with steel tape; 1'. electric tape. Site status (second column) - F. flowing. but head not measured; R. pumped or flowed recently.
Type of lift: p. piston, generally windmill or pump jack and cylinder pump; S, submersible pump (electric); T, turbine pump. Some flowing wells are not
equipped.

Discharge: B, bailer measurement by driller; E. estimated; F, u18charge is for natural flow; P, pipe orifice; R, reporLed; V. volumetric, generally with
bucket or stopwatch.

Use of water: C. commercial; F, fire protection; H. domestic; I. irrigation; N, industrial; P, public supply; R, recreation; S. stock; U, unused.
Data available: In files of U.S. Geological Survey. Chemical analyses (see tables 13 and 14 for selected analyses) - B. comrrvnly determined constituents;

C. commonly determined constituents plus one or more trace elements. Logs (see table 10 for selected drillers' or other Lithologic logs) - A. drilling
time; D. driller's; E, electric (resistivity and spOntaneous potential); P, fluid conductivity; G, geologist's description of drill cuttings, or formation
contacts; J, gamma-ray; T. temperature; Z, other, see relMrks. Water level (see table 9 for water levels 1n observation well. and figures 15 and 16 for
selec ted hydrographs) - I, intermittent. no regular schedule throughout period of record; 0, original, single measurement or report; Z, othf'r, see remarks.

Depth
Year Depth Casing to Depth

Location Owner con- of diam- Depth first Finish principal to Altitude Hater
struc- well eter cased open- aquifer aqui- (ft) level

ted (ft) (in.) (ft) ing fer (ft)
(ft) (ft)

(D- 23-1D) 12ddd·1 U.S. Bureau of Land Management 1936 196 230MNKP 40 6,650 25.6T

(D- 24-9) 7dab-1S do. 1961 195 8.63 17D 170 230MNKP 5,635

(D- 24-13) lladb-1S do. 1974 1,400 8.63 169 169 200MSZC

(D- 25-5) 14dda-1 Elliot Crane 1974 275 134 50 112ALVM 5,945 55R

(0- 25- 12) l4ccc-1 J. Marsing 1962 90 221CRML 4,985

34cdb-1 U. S. Bureau of Land Management 1953 290 290 230 221ENRD 5,150

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

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

(Il-26-8)6aab-1 U.S. Bureau of Land Management 1969 767 6.63 767 715 220NVJO 220 5,960 686R

(D- 26-9) 24dbc-1 do. 1950 440 400 400 X 221SU/S 400 4,550 +22R
F

(D- 26-13) 19cdb-1 do. 1913 400 221ENRD 5,264 310R

25cab-l do. 1949 355 13.38 221ENRD 5.385 3128

25cbd-l do. 1949 855 855 220NV JO 5,240

(D-27-7)7bcc-1 do. 1976 785 13 13 221CRML 73 5,520 lOST

7bcc-2

(D- 27-11) 34dca-l

do.

Federal Aviation Administration

1977

1946

950

638 6.25

58

638 618

220NVJO

22lCRML

711

349

5.520

4,425

395T

+49HR
+50.1HR



selC'cted water wells
from petroleum-test wellsl

Date Type
measured of

lift

7-15-61

10-18-74

9- 3-35

6- 29-56

Date
discharge
measured

7- 4-61

10-18-74

3-25-53

10- 1-35

6- 29-56

Discharge
(gal/min)

20R

30B

llV

8R

30B

Draw
down
(ft)

50

v,.
of

water

S ,R

Tem
pera
ture
(Oe)

16.5

14.5

Data available

o

o

Remarks

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 feet. Depth and water level shown measured
by R. F. Hadley in 1961. Specific conductance more than
8,000 \.Imho/cm. Water has odor of hydrogen sulfide.

Converted from petroleum-test well by plugging from 195 to
315 feet. Reported freshwater zone 184-188 feet. Cadng
sealed and left with a standard marker.

converted from petroleum-test well by plugging back to 1,400
feet. Open hole exposes section from Entrada Sandstone to
middle part of Wingate Sandstone. Water in Navajo and
Wingate Sandstones reported to be fresh. Well assigned to
U.S. Bureau of Land Management.

Casing perforated with Mills knife at 50-60 and 120-134 feet,
open hole below 134 feet. Most water probably comes from
shallowest perforations.

Formerly domestic supply. Unused and no power in 1977. Now
in right-of-way of State Highway 24.

Known as Gilson Butte well. Drilled to supply petroleum·
test well and then assigned to u.S. Government.

UERA well 93. Known as Saucer Basin welL Water level may
be in error. Water reported at 170 feet, cased off(?).
Wa ter reported 8S "good."

Known as Moonshine welL Drilled to supply petroleum· test
well and then turned over to the State.

6- 25-69

2-10-50
8-29-75

11- -44

4- 1-77

8- 23-76

9- 2-77

7-29-75

6-25-69

2-10-50
8-29-75

3- 1-49

8-13-76

9- 2-77

6-18-46

118

l5RF
5EF

lOR

4R

4E

6v

167V

40

v

v

F,R

18.0

17.0

17.0

17.0

18.5

18.5

18.0

A

D

A,G

A,G,
J
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o

o

Known as Last Chance well. Machine·cut perforations 717-767
feet. Well site in midst of 8 swarm of igneous dikes and
on or near 8 fault. Sampled for isotope analysis.

In grove of 88ltcedar and spring area north of old Hunt
ranch house. Casing is used drill stem.

Known 8S Jeffrey well. Drilled to supply nearby petroleum
test well. Water level, discharge, and pump setting re
ported by U.S. Bureau of Land Management. Cylinder pump
set at 318 feet. Sampled for isotope analysis.

lhis may be well known as Flat Top well. Well is south of
trend of diorite dike (pI. 1), which may affect water
levels in area. Specific conductance of water in recently
pumped tank of stock water was 3,000 IHnho/cm on August 5,
1975.

Drilled to supply nearby petroletDn-test well. Found filled
or plugged to near surface on April I, 1977.

USGS test hole 1. See composite log (table 10) for measure
ments of water level, temperature, and specific conductance.
Water level progressively deeper as hole deepened in Carmel
Formation. Top of Navajo Sandstone was estimated to be 710
feet, based on drilling time. Extreme difficulty encoun
tered in maintaining circulation of drilling fluid. Forma
tion continually caved after passing depth of 500 feet.
Briny formation water caused breakdown of fluid. Ahandoned
September 24, 1976, after plugging with cement at surface.

USGS test hole LA. Site picked SO feet southeast of test
well 1 because original hole could not be reentered.
Drilled to 950 feet, stopped because of insufficient air
pressure to drill further. See composite lOR (tahle 10).
Top of Navajo Sandstone at 711 feet; set packer on drill
stem at 735~738 feet and pumped with air for 3 hours. Brine
in Navajo. Water level in Navajo was 279 feet deeper than
that in Carmel Formation after 1 hour of recovery. Abandoned
September 3, 1976, after plugging with cement :It 735 feet and
at surface.

First well drilled at navigation-air facility. llsed only
for fire protection and sanitary purposes. \~ftt('r stains
porcelain with heavy iron deposits. Lowermost section of
well may be in Navajo Sandstone. Casing 6-inch 0-393 feet.
4~-inch 360-638 feet, perforated 618··638 feet.



Table 6.--Records of selected

Depth
Year Depth Casing to Depth

Location _er con'" of diarno- Depth first Finhh Principal to Altitude Water
struc- well eter cased open- aquifer aqui- (tt) level

ted (ft) (in.) (tt) ins fer (ft)
(ft) (ft)

(0- 27-11) 34ddb-l

(D- 27-12) 4ccc-l

(D- 27-13)8dbc-l

(D- 27-15) 2la.d-l

(0-27-16)lc••-18

Federal Aviation Administration

Utah Division of Aeronautics

U.S. Bureau of Land Management

do.

do.

do.

do.

1952

1976

1912

1935

1927

1946

1970

602

750

350

795

650

632

2,650

6.30

6.25

9.63

498

498

465

620

682

2,683

498

498

465

620 P,X

221CRML

220NVJO

221ENRD(?)

220NVJO

221CRML

nONVJO

31OW11lM

295

610

425

610

143

2,148

4,425

4,425

4,985

5,285

5,684

5,381

5,340

83H

330R

720R

580R

582R

(D- 28-4) 36cdb-l V. A. Lee 1935 112 112 112 0 112ALVM 6,860 8.538

(0- 28-7) 27cdb-l Intermountain Power Project 1975 2,353 5.63 1,990 1,990 X 220NVJO 1,989 5,161.8 93.42S

36hhh-l Eumett Clark and others 1966 800 726 726 X 221SLWS 530 5,100 +30R
+17.8HR
+18.4HR

(0- 28-8) 29cdc-l u. S. Bureau of Land Management 1955 764 13.38 720 720 220NVJO 720 4,940 +69.9H

29dcb-1 Garkane Power Association 1973 761 16 679 679 X 220NVJO 668 4,896.5 +108H

33bbb-l Intermountain Power Project 1975 1,250 20 704 704 X 220NVJO 709 4,883.6 +121.6H

33cdd-1S do. 1975 1,350 13.63 1,400 1,286 220NVJO 745 4,823.5 +183.5H

35cbd-l O. L. Jeffs 1960 117 4 117 105 112ALVM 105 4,600 60R

35dbb-l P. L. Jackson 1964 62 61 31 112ALVM 20 4,580 22R

(D- 28-9) 28bbb-l O. Brian 1964 92 10 92 112ALVM 25 4,540

29bdb-l Doyle Jackson 1964 54 54 37 112ALVM 27 4,555 2lR

30ace~1 J. M. Regan 1968 45 45 0 112ALVM 10 4,560 14R

30dad-l Thomas Hopkins 1964 63 63 36 112ALVM 30 4,560 17.5R

(0- 28-10) 16ccb-l D. B. Hatch 1962 325 10 75 75 4,420 JOR

22.be-1 H. R. Phillips 1951 75 12 75 30 112ALVM 13 4,370 13.17S

(D-28-11}2ecc-l Andrew Hunt 1950 180 10 10 221ENRD 10 4,260
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water wells--Continued

Data available

Date l'ype Date Dra....- U,e Tem-
~ .

m(~a.sured of discharge Discharge down of pera- .~ . Remarks
lift measured (gal/min) (ft) water ture ~.; ~~

.n '" ~ >
0 ..u. ,.., ,,~

6-22-52 6-22-52 33FV U 0 Second well. Dr111ed in former houaing near cattle guard.
Well reported never used; reports indicate that well was
plugged about 1963. Casing 8-inch 0-37 feet, 6\-inch 0-498
feet. When cleaned out in 1976, casing was found pinched
shut at 347~351 feet lind filled below about 300 feet. Hole
found offset at 498 feet. Driller reported water in Entrada
Sands tone was un fit for domestic USl'; same was trdC' for
W<iter in Carmel Formation.

8- 6-76 8- 5-76 200E U 18.0 E,G, Well (D-27-11)34ddb-l deepened as USGS test hole 2. Pro-
50EF J duced 10 gal/min from zone of pinched casing while drilling
34vF with air. Bottom of existing hole at approximately 600

feet. Yield by airlift increased with depth to es tima ted
200 gal/min. Drilling stopped because of insufficient air-
lift. Well had open flow estimated to be 50 gal/min. Set
packer on drill stem at 600-605 feet and sampled after flow
through drill stem at 34 gal/min measured recovery for BO
minutes after sampling. Artesian pressure required pressure
plugging with 95 sacks of cement on August B, 1976. sampled
for isotope analysis.

2-20-36 2-20-36 2R 0 Known 8S Muller well. Old petroleum-test well cleaned out
and reconditioned as UERA well 109 in February 1936. Water
quality reported as "fair."

11-19-35 11-19-35 20B UERA well 9l. Formerly used for stock. Measured dry and
filled to 480 feet in 1976. Reported to can tain dropped
drilling tools and pipe.

6- 20-33 7- 20-33 10V 25 S,H D 0 Known as Texas well. Formerly Texas Production Co. petro-
leumwtest ....ell. Drilled to 2,875 feet, then plugged back
and perforated 580-607 feet, open hole 620-650 feet. Casing
inaccessible in 1975. Well drilled in or near faul t zone
on structure known as Flattop anticline and also as Nequia
Arch.

3-30-46 3-30-46 12B 68 Driller reported that drilling water wss los t when upper
Navajo Sandstone was penetrated.

6- 70 175R Petroleum-test well plugged back into base of casing and left
for water well. Casing was not perforated and was capped.
Well was drilled with air. Yield was 0.6 gal/min of fresh-
water from Wingate Sands tone and 140-175 gal/min while
drilling in White Rim Sandstone Member of Cutler Formation.
Neither formation flows.

4- 21-36 U Observation well. Unused well that shows effects of recharge
from flow in adjacent canyon.

5- 5-77 11- 20-75 300E U 16.0 A,G, tPP test well QW·lA. Z. suite of geophysical logs. See Hood
Z and Danie Ison (1979) for description of tests and detailed

data.

7-14-66 7-14-66 4VF See records in Hood and Danie Ison (1979) . Leaks around sur-
4-21-75 7-17-75 l86VF 14.5 face casing.
4-14-77 4-14-77 200VF 14.0

7-22-76 8- 7-55 100R 17.0 Known as Stanolind well or as Red Desert well. Flows to
8-2B·75 55vF small pond. Leaks around surface casing. Water has odor of

hydrogen sulfide. See records in Hood and Danie laon (1979) •

11- 24-75 2- 9-74 3.110P 250 U 16.5 G,J Aquifer test well known as tCPA welL See records in Hood
7-17-75 400EF and Danielson (1979) .

7-22-76 9-22-75 770EF 17.5 E,G, Test well 1. Pumped well in 35-day aquifer tesL See rec-
12-29-75 2,800P 512 S, T ords in Hood and Danielson (1979) .

7-22-75 8-21-75 200E U 17.5 V Known as Colt well. Petroleum-test well converted to obser-
vation well for aquifer test. See records in Hood and
Danielson (1979) .

1-15-60 H ,S Well in Fremont River valley flood plain at Caineville. 111i5
and the four wells listed immediately below are reported to
yield water unfit for drinking. Casing perforated 105-117
feet with i;-inch by lO-inch slots.

2- 8-64 H Casing perforated 31-61 feet with liB-inch by 24-inch slots.

10.0

2-15-64 2-15-64 SOB 0 Casing perforated 37-54 feet with l/B-inch by 14-inch slots.

10-27-68 10-27-68 8B 26 H D 0

1- 3-64 1-25-64 60VR H 14.5 D 0 Casing perforated 26-5B feet wi th liB-inch by 16-inch slots.

12- 1-62 12- 1-62 2B 60 Casing perforated 20-75 feet with 1/8· inch by 3- inch slots.
Well penetrates to Cedar Mountain(?) Formation. Most of
the small yield probably came from the shallow deposits.
Well was a test for irriRation supply.

9-23-76 4-10-51 600 19 Well intended for irrigation. Turbine pump has no power.
Land hall not been tilled for many years, if at alL Water
levels respond to river atage(?) and to evapotranspi riltion
of sal tcedar and large greasewood on terrace aboVl' river.

5- 29-63 6·14-50 20B 17.0 See log for remarks on water while drilling. Driller rC'-
ports water was "good" until drilling passed 140 [{'('t, then
quality was not good. Odor of hydrogen sulfide. \o/ell
portedly fi lIed wi th mud. !lole found flowing in 1963.
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Table 6.--Records of selected

4,270221ENRD1701968M. M. Brown

Depth
Year Depth Caling to Depth

Location OWner con- of diam- Depth first Finish Principal to Altitude Water
struc~ well ter cased open- aquifer aqui- (ft) level

ted (ft) (in.) (ft) in8 fer (ft)
(ft) (ft)

-(D- 28-11) 10dac-l

15bdc~1 Jim-N-Ells Corp. 1973 290 265 265 221ENRD 40 4,340 +40CR

15bdc-2 Andrew Ekker 1950 290 290 250 221ENRD 27 4,305 +22R

15bdd-l Alvin Robinson 1970 215 215 195 221ENRD 10 4,310 +13R

Morrison Refining Co. 1975 337 337 297 221ENRO 90 4,310 +~R

15acc-l Utah Department of Transportation 1961 362 5.50 362 342 221ENRD 52 4,305 +20R

16bdd-l R. U. Hunt 1965 392 392 362 221ENRD 106 4,305

16cba~1 O. E. Bullard 1908 407 402 402 221ENRD 387 4,316 +20GR

l6cca-l Heber Reese 1950 430 300 300 x 221ENRD 4,335 +18R

16dac-l Stagecoach Motel 1954 340 9.63 335 305 x 221ENRO 95 4,310 +23.6M

16dad-l Federal Aviation Administration 1963 350 8.63 350 327 221ENRO 68 4,305 +20.7M
+3.93H

l6dad- 2 Church of Jesus Christ of
Latter-day Saints

1977 320 180 180 x 221ENRO 97 4,307 +10R

l6dca-l u.s. Grazing Service 1938 340 6.25 195 221ENRD 30 4,318 +19.9M

16ddb-l Hanksville Canal Co. 1934 332 6.63 332 292 x 221ENRO 25 4,315 +40R

16ddb- 2 do. 1952 330 300 280 x 221ENRO 48 4,315 +lBR

17adb-l Ear 1 Jackson 1964 503 503 488 221ENKO 488 4,320

2labd-1 U.s. Bureau of Land Management 1966 363 363 353 221ENRO 30 4,320

28aad-l Donald L. Hanni 1977 370 112 112 221ENRD 10 4,360 OR

28bdd-2 Lilly Denny 1951 512 435 x 221ENRO 19 4,380 20R

(O-29-4)2ddd-l Community of Torrey 1935 500 230HNKP 6,930 53. liS

6ccb-l Ernest Brinkerhoff 365 o 100VLFL 6,935 19.45

7bdc-l Royal Harward 4 lOOVLFL 6,920

8bbd-1 Reed Maxfield 92 92 92 o 100VLFL 6,880 17.68

25dcb-l G. H. Love 1976 150 10 35 35 220NVJO 35 7,070 35R

26dQe-l George Patetsas 1974 275 10 28 28 x 220NVJO 24 7,190

(D-29-5)l9cba-l S. and H. Parker 1974 140 140 30 237SNBD 78 6,740 30R

32bQd-l A. A. Morrill 1975 100 100 75 2378NBD 75 6,880 30R
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water wells--Continued

Data available

nate Type
measured of

lift

5-15-73

5-10-50

11- -70

3-18-75

2- 6-61

9- 5-68

4-20-50

10-11-62

10- 8-64
9-13-77

10-20-77

5-10-46

8- 7-34

4-14-52

10- 5-76

11-19-66

11- 4-77

10-17-51

4-21-36

8-11-66

8~ 12-66

12-11-48

5- 6-76

7-14-74

12-29-74

1- 5-76

Date
discharge
measured

12- 1-74

.5-10-50

11- -70

3-18-75

2- 6-61

6-27-65

9- 5-68

4-20-50

5-29-62

7-13-63

10- 20-77

12- -38

8- 7-34

4-14-52

10- 5-64

11-19-66

11- 4-77

10-17-51

8-22-58

8-22-58

4- 6-76

7-14-75

12-29-74

1- 5-76

Discharge
(gal/min)

60VR

3R

6R

6VF

3RF

20B

16VR

4RF

13R

32B

4RF

4RF

5RF
27B

3RF

4RF

.8RF
19B

30R

15B

20E

10E

60B

SOB

IB

35B

Draw
down
(ft)

48

<1

214

150

64

130

35

10

<1

110

36

Use
of

water

H,C,
I

H,C,
I

H,S,
I

H,S,
I

H

H,N

C,H

S,H

H,C

H,I

H,S

H

H,S,
I

H,I,
S

H,N

S,H

H,S,
I

H,S,
I

H,I

H,S,
I

Tem
pera
ture
('C)

17.0

10.0

17.0

15.5

15.0

8.5

".3

D

D

D

D

D

D

D
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".w.
"

o

o

o

o

o

o

Remarks

Supplies trailer park northeast of Hanksville.

Supplies trailer park, drive-in, automatic laundry, and
restaurant at east e~ge of Hanksville. Casing 8-inch to 50
feet, 4-inch 0-290 feet, perforated 26.5-290 feet with 3/B
inch by l2-inch slots. Flow sealed in with packer. Flow
resumes when pump is shut off.

Artesian floW' sealed in by placing baffle on 2-inch pipe and
setting baffle 40 feet off of bottom; hole backfilled above
baffle.

Casing perforated 195-215 feet with t-inch drilled holes.
Artesian pressure sealed in with cement grout to 195 feet.

Casing 6-inch to 100 feet, 4-inch plastic pipe 0-337 feet,
perforated 297-337 feet with 3lB-inch drilled holes.

Supplies highway maintenance yard. Casing 5~-inch to 60
feet. 2-inch 0-362 feel. perforated 342-362 feet with 1/8
inch by 8-inch torch-cut slots. Artesian pressure sealed
in with neoprene packer and cement plug. Water level in
shallow deposits 30 feet below land surface on February 4.
1961.

Casing perforated 362-392 feet with lIB-inch by lO-inch slots.

Supplies cafe. trailer park, and service station at west side
of Hanksville. Reportedly flows if not pumped for awhile.

Casing 8-inch. set in bedrock to 5 feet, 2-inch to 300 feet
with baffle. Backfilled above baffle to seal in artesian
preSsure. Water level in hole outside of 2-inch pipe was
50 feet below land surface.

Supplies cafe. motel, and (?)machine shop when facilities
are open. Casing 9 .5/B-inch to 98 feet, l~-inch pipe to
335 feet with baffle 60 feet above bottom of hole. Formerly
used as observation well.

Casing 8 SIB-inch to 112 feet. 6 5/8-inch 3-350 feet; perfor
ated 327-346 feet with t-inch by 6-inch torch-cut slots.
Also used as observation well.

Casing 6-inch to lBO feet, cemented. with open hole below.
Brackish water reported in sand and gravel above 97 feet.

Known as Camp well. First used to supply CCC Camp and later
Grazing Service (now U.S. Bureau of Land Nanagement) work
camp. Later used to supplement Hanksville town supply.
Unused in 1977. Casing record reportedly incomplete. Shal
low water reported as "bad" 30-250 feet.

Southeastern of two public-supply wells. Multiple casing in
stallation with 2-inch pipe sealed to formation at 292 feet
(see log for record of hailing tests). Sample of 1962 is
mixture of water from both wells mixed in storage tank.
Water has odor of hydrogen sulfide.

Northwestern of two public-supply wells. In 1962 flowed to
common storage tank (see above). Casing 8tNinch to 48 feet
2-inch 0-300 feet with welded baffle at 280 feet. Hole
backfilled above baffle to seal in artesian pressure.

Casing perforated 488-503 feet with l/8-inch by 6-inch torch
cut slots. Artesian pressure sealed in by packer above per
farations--lO feet of cement and backfilled with sand.

Supplies camp. Casing perforated 353-363 feet with i-inch by
lO-inch torch-cut slots.

"Brackish" water at 65 feet. Water-bearing zone in sandstone
encountered at 330 feet. Cased to 112 feet, cemented in
place.

Cased off loose sand at 406-435 feet.

Intended for public supply but never(?) used. See table 9
for water-level response to filling of adjacent surface
water reservoir.

Formerly supplied dairy. Also used as observation welL

Former domestic well. Used as observation well.

Shallow deposits sealed off with casing and slurry.

Casing perforated 30-140 feet with -~-inch by 3-inch torch-cut
slots. Bailed well dry at I gallmin for 8 hours.

Casing perforated 75-100 feet with ~-inch by 2-inch slots with
Mills knife. Water in overlyinR alluvium bailed ;It 7 gilt/min,
water level 3 feet below land surfac€'.



'['ab Ie 6. --Hccords of ~;('l {'ct(~d

Depth
Year Depth Callog to Depth

Locat ion Owner con- of diam- Depth firat Finish Principal to Altitude Water
struc- well eter called open- aqUifer aqui- (ft) level

ted (ft) (in.) (ft) ing fer (ft)
(ft) (ft)

(D-29-':i)32csd-l C. and H. Morgan 1974

34ddb-1 Allan DietHen 1974

(0-29-6) l4ccb-l Capitol Reef Lodge 1954

(O-21J-7)lSdbd-1 U.S. National Park Service 1971

240

71

138

460

240

71

21

246

200

25

21

246

220NVJO

112GLCL

112ALVM

220N'/JO

21

240

7,050

7,020

5,420

<; .045

13>

n>

195

+42.611

(D- 29-11) Ibbc-l

36daa-lO

36dcd-l

(n-29-12)19bcd-1

33acd- 2

(D- 29-13) laab-lS

Utah Department of rran.portaHan

Energy Fuels. Ltd.

do.

u.s. Bureau of Land Hanasement

do.

do.

1951

1970

1976

1935

1976

1959

320

500

400

605

510

1,200 10.75

20

458

131

1.200

20

312

131

1,194

x

221ENRD

221ENRD

221ENRD

221CRML

220NV JO

231WNCT

18

10

348

210

908

4,460

4,795

4,840

4,930

4,616

5,250

169>
180.625

60.35

140.91'

(0- 29-16) 28cbc-l U.S. National Park Service 1973 2.150 10 2,150 2.SS0 310CTLR 2,215 6,570 2.492R

(D-30-5)IOabb-1 Carl Hansen 1976 130 130 117 1120LCL !l8 7.180 17>

(D-30-11)Sadb-l Ralph D. Pace 1971 40 40 25 !lOPTOO 5,010 IS>

(0- 30-14) 23bbb-l U.S. Bureau of Land Management 1973 860 5.5 860 740 231WNS'I' ~. 600 5,440 600R

(n-30-15) 13cbd-l Tenneco Oil Co. 1966 760 4.75 15 15 310WTRM 4,949 720R

23dbc-l u.s. Bureau of Land Management 1966 1,618 1,615 716 JlOWTRM 700 4,821 750R

(O-31-7)36dad-l Robert Weaver 1970 2.305 10.75 2,305 580 220NVJO 580 5,361 30SR

(0-31-8)19aad-!

(0-31-9) 12ddd-1

(D-31-12)4bab-l

Chri stensen Ranch

King Ranch

U.S. Hureau of Land Management

1956

1949 404

450

64

404 364

IllALVM

J.IIEMIlY

220NVJO

350

1320

5,275

5,925

4,900

350>



water wells--Continued

Data available
Date Type

measured of
lift

B- 1-74

Date
discharge
measured

Draw-
Discharge down
(gal/min) (ft)

U,.
of

water

H

Tem
pera
ture
('e)

~ ..."u •

i~
.c "u. "'.3

Remarks

Casing perforated 200-240 feet with J/8-inch by 5-inch torch·
cut slots.

7- 5-74

9- 7-77

9-15-77

4- 3-70

5-10-46

g-10-76

11- -73

,1-12-76

10- 1-77

1- B-73

6-29-66

6-29-66

7- 5-74

9-14-77

6- 4-51

6-30-51

1935

8-10-76

9- -59

11- 5-73

1-12-70

10- 1-77

2- -73

68

38VF

158

15B

2VR

200E

125R

5B

35B

25R

40R

49

10

12

200

20

20

H.S.
I

u

H

H.S,
I

H,I

N,S

14.0

14.0

16.5

14.5

o

A.E,
F,G,
J,T

o

o

o

o

o

Casing perforated 25-50 feet with It;-inch by 3-inch torch-cut
slots. Well graveled 0-60 feet. Bailed well dry at 6 gall
min for 2 hours.

Test well. Never used because water was assumed to be poor
quality. Gravel and sand to top of Chinle Formation at
about 40 feet.

USGS test hole 4. Completed as observation well. Casing
6-inch surface casing to 37 feet, H-inch pipe to 238 feet
with Lynes packer set at 238-246 feet. Discharge listed is
for unrestricted flow from l1~--inch pipe; hole produced an
estimated 200 gal/min by airlift while drUling. Well flows
12 gal/min through \-inch faucet.

Driller reported water at 130-180 feet. Could be bailed dry.
but well would fill overnight. Yield listed is for zone
200-320 feet. Well now buried under State Highway 95.

Drilled to 315 feet in 1951 with 8-inch casing to 12 feet.
Zone 195- 250 feet yielded only two bailers full after re
covery overnight. Deepened to 500 feet in 1970; all re
ported in sandstone. Casing 6-inch 0-458 feet, perforated
with 1/8-inch by 6-inch torch-cut slots. Driller reported
water at 300 feet was "gyppy" but improved with depth and
quantity increased. Unused turbine pump pulled in Septem
ber 1976.

Test hole for water supply at ore-buying station.

UERA well 99. Water reported by driller as "good." Grazier
reported later that water was unfit for stock. Found filled
in 1952. Formerly used as observation well.

USGS test hole 3. No water in Carmel Formation. Yields esti
mated during air-drilling ranged from an initial 5 gal/min
to 200 gal/min at 510 feet. Water level measured after 17
hours of recovery. Sampled from air-drilling discharge after
hole completed. Sampled for isotope analysis.

Petroleum-test well drilled to 2,649 feet and abandoned because
of junk in hole. plugged back and completed as water well.
Casing 10 3/4-inch to 1,200 feet. gun·perforated in Wingate
Sandstone 1,037-1,039, 1.066-1,078, 1,089-1.096, and 1.194
1.195 feet. Set cylinder pump at about 1,115 feet. Drilling
crew drank the water. Well and pump turned over to U.S.
Bureau of Land Management on completion of adjacent replace
ment petroleum-test well.

Near Hans Flat Ranger Station. casing lO-inch to 2.015 feet,
8 S/8-inch to 2,750 feet, perforated 2,550-2.750 feet. Small
amount of water in Wingate Sandstone. Cutler Formation frac
tured; lost circulation at 2,740 feet. Water sampled after
8 hours of bailing.

Casing perforated 117-127 feet with Mills knife slots \-inch
by 2-inch.

Casing perforated 25-35 feet with l/8-inch by 8-inch torch
cut slots.

Drilled to supply petroleum-test welt. Casing perforated 740
860 feet with t-inch by 12-inch slots. Cylinder pump was set
at 850 feet. Water reported as "good."

Corehole. Water in White Rim Sandstone Member of Cutler For
mation. Sample bailed; water was black with strong odor of
hydrogen sulfide.

Probably corehole converted to petroleum-test well supply.
Casing perforated 716-1.615 feet with slots.

11-12-70

6-14-49

T

'p

7- -70
11-13-70

6-14-49

4- 7-61

55B
161P

158

12R

<1(1) I,R,
115 S

H,S,
I

17.5

o

65

o Petroleum-test well converted to irrigation supply. EXisting
casing has been plugged at 2,305 feet. Mud bailed from hole
and 200 gun-perforations made in zone 580-1,140 feet. Pro
duction test for 10 hours in November 1970. Well supplies
water through pipeline to field on terrace to north. Sampled
for isotope analysis.

No driller's record. Site is on alluvium over Entrada Sand
stone. Analysis indicates water similar to that expected
from Carmel Formation upstream. Concluded that alluvium is
source and contains debris from Carmel Formation.

Casing 8-inch 0-59 feet, 6-inch 54(?)-404 feet, perforated
364(1)-404 feet with torch-cut slots.

Known as Poison Wash well. Drilled to supply petroleum-test
well. Later assi.gned to U.S. Bureau of Land Management.
Incomplete driller's record. Cylinder pump was set at bottom
of hole. Pumps into pipeline to troughs in Burr Desert.
Water sample from faucet at (D-30-12)34abc on Dell Seeps road.



'l'able 7.--Records of selected springs

Location: See text for description of well- and spring-numbering system.
Name or owner: Name given on maps of U.S. Geological Surveyor U.S. Bureau of Land Management, name used or assigned by Goode and Olsen (1977). or name used by local

residents; otherwise. landowner is given. Al ternative name. if any. is given in remarks.
Altitude: Altitude of land surface at spring orifice(s) above mean sea level. interpolated from topographic maps.
Aquifer: See table 1 for explanation of code and description of geologic unit.
Discharge: Methot! of measurement - C, current meter; E, estimated; R, reported; V, volumetric (method unspecified but generally with bucket and stopwatch).
Chemical analysis available: A, physical data; B, corrmonly determined constituents; C, commonly determined constituents plus some trace elements. See table 13 for

selected chemical analyses and table 14 for selected snalyses of trace elements.

Discharge Water quaUty
Specific

Altitude Gallons Date Temper- conduc tance Date Chemical
Remarks

Location Name or owner (feet) Aquifer per measured ature (\lmho!cm measured analysis

minute ('C) at 25'C) available

(0-24-5) 13bcd-Sl Willow Springs 6,210 211FRRN 15E 9- 29-76 17.0 1,250 9- 29-76

(D- 24-8) 25dcd-S 1 Secret Springs 5,200 230MNKP 3E 10- 7-75 15.0 4,500 10- 7-75 Sampled 500 feet twlow spring c/ri ficp.

(0- 24-10) 3bba-Sl Tan Seep 6,700 230MNKP 5E 10- 27-44 18.0 10- 27-44 Deve loped spring fC'j :.;tock. M,IV t1m·.

from faul t zone,

(D- 24-13) 20cca~S1 Lost Spring 4,790 22lCRML 2E 10-28-58 16.5 10-28-58 Also called Red ROl'}-, ,~ Llring. D{'velopt.,d
for stock. Sampled trom pipe below
cribbed rock wall.

2L.dcd-Sl Crows Nest Spring 4.520 220NVJO Rises in stream chilnnel at or near
hult that throws Navajo Sands tone up
aga~ns t Ent' 'a Sandstone.

(D- 24-14)] 2adb-S 1 Cottonwood Spring 4,375 220NV JO Rises in stream channel at or near
fault that throws Navajo Sandstone Hil
against Entrada Sl1ndRt"olle. Only seep-
age when visi ted in 1976.

(D- 25-12)4aac-Sl Swazy Seep 5,020 22lCRML 7- -77 Issues from base of Carmel Formation.
D. Williamson of U.S. Bureau of Land
Management fOund site dry in midsunnner
1977 •

(D-25-13) 2cab·Sl Seep 4,525 220NVJO In channel of Cot tOnwood Wash where wash
i, cut into top of Navajo Sandstone.

(0- 26- 9) 16bbb-S1 U.S. Bureau of Land 4,630 231WNGT ,5E 10- 7-75 15.0 520 10- 7-75 Flows from frac tured rock in right bank

Management of Muddy Creek Canyon.

21aac-Sl do. 4,640 220NVJO 16.5 3,000 10- 8-75 Flows from fault zone in right bank of
canyon of Muddy Creek. Faul t displace-
ment 50 feet.

24dbc-Sl Hunt Ranch Spring 4,550 50E 8-29-75 16.5 1,550 8-29-75 Most, if not all, flow h uncon tro lIed
flow from old artesian well.

(0- 27-4) 36cbb-S 1 U.S. Forest Service 9,160 lllCLVM <5E 8- 4-76 16.0 500 8- 4-76 Flows frOm colluvium consisting mainly
of igneous debris that lies on Navajo
Sandstone.

(0-27-6) 23cba-SI Ackland Spring 5,995 nlSLWS IE 5- 22-75
(0- 27 - 7) 17bdb-S1 Campers Spring 5,420 lllALVH 2E 10- 3-75 Discharge estimated by IPI'. Flows from

bank of sand near southeast edge of
thicket of sal tcedar. where channe 1
deposits thin across outcrop of bed-
rock.

23acd-Sl U.S. Bureau of Land 5,210 lllALVM 5E 10- 4-75 Discharge estimated by 11'1'. Flows from
Management channel deposits where they thin across

bedrock outcrop.

(0-27-8)6bad-Sl Seep 5,030 220NVJO 9-26-75 Sampled by 11'1'. Area marked by moist
alluvium and sal tcedars. Sampled from
pit dug in sand next to outcrop of
uppermost Navajo Sands tone.

lldac-Sl Caine Springs 4,820 221CRML 1972 Westernmost of many springs in main
group called Caine Springs. 'l'I1e spring
group 1, scattered more than 0.25 mile
along north bank of Sal t W3sh, ri sing
In small basins in the terrace <lblwe
creek level and at base of terral'e at
creek level. In terrace, alluvium, ilnd
boglike deposi ts that overlie the Carmel
Formation at the crest of an anticline.
The Carmel Formation i' dil'ltorted both
by anticlinal folding and by collapse
where gypsum has been dissolved away.
Individual springs discharge from less
thAn 1 to 75 gal/min each. Total out-
flow is approximate 1y 2 f t ~ ,I f', •

lldca~Sl do. 4,790 221CRML <IE 9- 4-75 16.0 4,400 9- 4-75 A Seepage from cut bank on Sal t Wash aboul
0.25 mile west of main springs group.

lldca-S2 do. 4,790 221CRML <IE 9- 4-75 16.0 5,500 9- 4-75 A Do.
l2cbd~Sl do. 4,820 221CRML C Sampled by Utah Division of Water He-

sources.
12cca-Sl do. 4,815 221CRML 16V 11-23-75 14.5 7,500 11-23-75 Rises in small isolated basin. LquirpeJ

with gage-height recorder and weir (SCI;'

figs. 15 and 16B).

(0- 27-16) 20bdc-S 1 Water Canyon Spring 4,750 220KYNT 3E 11-12-69 15.5 11-12-69 C
(0- 28- 7) 1lcdb-S1 Rock Water Spring 5,430 22lSLWS 15.5 2,960 7-17-75 B In bluff on south side of Hartner [lraw.
(D- 28-8) 5abd-Sl Wi llow Seep 5.050 lllALVM .5E 9-28-75 C Discharge estimated by 11'P. Site dry in

hottest weather. but flows when l'vapo-
transp ira t ion diminishes. Rises In
distance of about laO feet along soutll
bank of Cainevi 11(' \,';ulh 10Th (' rl;' alltlvium
thins over Morri-soll FormatiOn. Sitl'

marked by moderau· ~n1wth of grar-s and
brush.

35bca-Sl Seep 4,600 l11ALVM IE 3-25-76 11.0 6,500 3- 25-76 Dry most of time. Seepage rises where
alluvium in stream channc 1 thins over
Mancos Shale.

(0- 28-12) 27add-S 1 Upper Sand Slide 4,160 220NVJO IE 9-20-76 11.0 700 9~ 20-76 Seepage area discharges into si.ngl(
Spring channel to right bilnk of Dirtv !l,~v i I

River.

(0- 28-14) 22cad-S 1 Robbers Roost Sprtng 5,200 22lCRML IE 5- -57 11.0 5- -57 Piped to stock trl1ughs. Oi sdlargl' rl'-
port ed variable. Lll !>l'har~t.'s lrllll1 ['iIS,'

of Cnrmel Formatiol1.
(0- 28-lS) 2ldbb-S 1 Blue John Spring 5,760 221CRML tE 5-21-57 12.0 5-21-57 R.c l'ipe.d to stock tank.

29ddd-SI (;ranary Spri ng 5,870 221ENRD <1 11- 1-44 " Di scharge repor Il'd [0 be R "r rl ell. Ie. "
(D- 29- 3) l4hcb-S 1 Pine Cret'k Spring 6,920 120TRTR 7,900C 10-11-66 10.0 10-11-66 Il Deve loped sprin~ supp 1i (~S fi!>h ha t chl'rv

and irrigation dl)Wnslrf·am. lli schar};,'
frOm jointed bas,lll fl{'w. 111is <lnd re-
lated springs ace,Hlnt for much ,11 tIlt.'
Fremont Ri.ver flllW 11\ jClrk13nd, 19bq ,

p. 26) .
(0- 29-6) 2Jbbb-sl Dewey Gifford Spring 5,455 230MNK\' 10E 9-25-58 Descri hed by ~tA r i III 1. 1%2),

66



Table 7. --Records of selected springs--Continued

Location Name or owner
Altitude

(feet) Aquifer
Gallons Date

per measured
minute

Temper
ature
(OC)

Water quality

Specific
c onduc t soc e Da te

(umho/ cm measured
at 25'C)

Chemical
analysis
available

Remarks

(D-29-7) IBbdd-Sl Chimney Rock Spring

(D- 29-10) 22ccb-S 1 Bert Avery Seeps

(D-29-12)33ca to Pool Spring area
(D-30-l2)4ca

(D- 29-12)35aaa-S 1 Beaver Wash Spring

(D-29-13)7abc-Sl Angel Cove Spring

(D-29-15)14dbb-Sl Trail Spring

(O-30-8)3labc-Sl Cottonwood Spring

(D-30-l0)13bcb-Sl Dugout Bench Spring

20aca-Sl Lower Lost Spring

5,250

4,840

4,630
4,640

4,150

5,760

5,150

5,560

5,780

220NVJO

211FRRN

220NV JO

220NV JO

220NVJO

lllALVM

1l0PTOD

111CLVM

5E 5-13-76

IE 7-25-75

1975
1977

200R 7--77

IE 9-21-76

,5V 5-22-57

8- 23-75

IE 7-27-75

9v 7-27-75
3V 10- 6-76
5.5v 7- 3-77

10.0

20.0

16.5

9.0

18.0

12.0
12.5
12.0

1,200

535

625

630

780
610
780

5-13-76

6-15-77

9-21-76

5-22-57

7-27-75

7- 3-77
10- 6-76

7- 3-77

Discharge from bed of Chimney Rock
Canyon at base of cliff of Navajo Sand
stone. Canyon 1s dry upstream and has
perennial flow below spring.

Discharges as seepage at base of sand-
stone in two east-facing alcoves below
edge of Blue Mesa. Land surface above
alcoves 15 8 pediment cut on the Ferron
Sandstone Member of Mancos Shale.• where
direct local recharge to the sandstone
accounts for the freshwater at the
spring. Part of the seepage is inter
cepted by a buried pipe and conveyed to
stock trough where sample was taken.
Total discharge may he several times
ths t measured.

Site marked by ssltcedar thickets along
dry stream channels. No flow observed
for several years. S1 te is covered
with sand dunes and gravelly surface
that overlieS contact between Entrada
sandstone and Carmel Formation.

D. Williamson of U.S. Bureau of Land
Management reported perennial flow in
Beaver Wash heads at this spring. Water
f lows through area 0 f beaver dams and
vegetation, disappears downstream. and
reappears (probably at base of Navajo
Sandstone). Flow reported is estimated
net outflow.

Discharge at base of Navajo Sandstone
above Fremont River level. Broad area
of seepage. Area in and near overhang
of cliff is covered with fern and algae.
Total discharge may be larger than ob
served.

Developed for stock water. Measured at
pipe to trough.

No water found, but site marked by small
grove of cottonwoods. Bedrock consists
of contorted beds of Carmel Formation.

Discharges from pediment gravel that
probably overlies Tununk Member of
Mancos Shale.

Developed for stock. Discharges from
colluvium and(or) terrace deposits that
overlie the Ferron Sandstone Member of
Mancos Shale.

23cbb-SI Jet Basin Spring 6,040 200MNCS 14V 8-28-76 13 .5 680 8-28-76

25bba-Sl McClellan Wash 6,140

25bcb-Sl Birch Spring 6,320

33cdb-Sl Oak Spring (South) 7.320
(O-30-11)5dbc-Sl Cow Wash Spring 5,080

(O-30-13)30cad-Sl Dell seeps 5,140

(D-30-l6)3aab-Sl French Spring 6.520

(n-3l-7)lbcb-S1 False Spring 5,240

(0-31-8) 7ada-Sl Bank Spring 5.120

24caa-S1 Dripping Rock Spring 5,030

27dab-SI Blind Trail Spring 5.450

(0-31-9) 18adc-Sl Dead Cow Spring 5,700

(D-31-10)14bdc-SI Lonesome Beaver 8.150
Spring

20bbd-SI Pistol Spring 8,620

29bdb-SI Corral Point Spring 8,320

30aaa-Sl Aspen Hole Spring 8,080

30ada-51 Beaver Dam Spring 8.080

3labb-sl McMillan Spring 8,340

l10PTOD

110PIDn

200MNCS
lIOPTOO

221ENRD

lllALVM

lllALVM

2llEMRY

21lEMRY

200MNCS

200MNCS

lllCLVM

11lcLVM

IllCLVM

211FRRN

21lFRRN

23V 8-27-76

13V 8-27-76
8v 7- 2-77

150E 7- 26-75
100V 8- 3-76

5E 7-28-75

,7v 9- 3-69

8-23-75

5E 8-23-75

5E 8- 22-75

.1E 8-22-75

10E 7-31-75

67V 7-30-75
50V 7-17-76
<IE 7- 4-77

32V 7-17-76
31V 7-29-76
15V 7- 3-77

50V 7-29-76

50V 7-29-76

12.0
20.0
15.0

8.0
23.0

27.0

15.0

16.0

14.0

15.0

19.0

19.0

19.0

5.5
7.0
6.5

8.0
7.5
9.0
6.5
8.0

8.0

9.0

67

770
680
620
680
320
680

255

235

2,700

1,500

2,500

1,300

410

340
305
320

350
350
350

340

460

750

8-27-76
7- 2-77
8-27-76
7- 2-77
7-26-75
8- 3-76

7- 28-75

9- 3-69

8- 23- 75

8- 23-75

8-22-75

8-22-75

7-31-75

7-29-75

7-30-75
7-17-76
7- 4-77

7-17-76
7-29-76
7- 3-77
7-17-76
7- 29-76

7- 29-76

7-30-75

Sampled and discharge mt"asured about
100 feet below main orifice.

Water disappears downstream.

Discharges from sandstone over shale.
spring flow only after irrigation of

fields on flat above. Owner reported
no flow occurred in 1975.

Discharges at contact of Carmel Forma
tion with overlying Entrada Sandstone.

Developed for stock. Measured at dis
charge pipe. Water is perched on thin
red siltstone in Navajo Sandstone. The
sandstone in this area is mostly drained.

Spring called "False" by Goode and Olsen
(1977) because no evidence to show the
pool is anything but a pothole or plunge
pool partly filled with alluvium and
rainwater. No discharge. Also noted
on some maps as Five Mile Spring.

Discharges from sandy alluvium over
Entrada Sandstone in west bank of Sandy
Creek. Alluvium derived mostly from
Carmel Formation.

Water discharges from buff sandstone
over gray sandstone.

Discharges principally from thin bed
(3-4 feet) of sandstone below massive
sandstone caprock. In 1976 and 1977
visible discharge amounted to only a
few drops per minute. Site marked by
cottonwoods in canyon.

Specific conductance measured at spring.
Water sample taken from spring stream
near its confluence with Dugout Creek.

Developed for campground s·.lpply. Sampled
at campground faucet.

Discharge measured with rarpaulin in bed
of spring stream using bucket and stop
watch. Estimated accura,;,.'y ! 10 percent.
Source is probably colluvium ()Vcr shale.

Discharges from colluvium over Tununk
Member of Mancos Shale

colluvium consists of igneous debris.
Discharge measured 450 feet below ori
fice. Water rises in aspen grove but
can be heard upslope above orifice.

Discharges in aspen grnve. Beaver dam
blocks flow. rufa dpposits.

Alsu c'llled ~IcCl('I1;lIl Sprinr,. \,Idtl>r
plpC'd to cilmpground. Dischdq,l· ..... ,It

contact of }'errOll S;ll1dsttllH> <lnd 11111,;,>

(:alt' ~kmlH'rs of ~1;111('('S Shrill'. {ltlt'

W,ltCl- sample lilkpn ilt c;llnpgn'lllld.



Table 7. --Records of selected s pr ings--Con t inued

Discharge Water quality

Specific
Altitude Gallons Date Temper- conduc tance Date Chemical

Location Name or owner (feet) Aquifer per mea_ured ature (umbo/em meallured analysis Remarks
minute (0C) at 25°C) available

(D- 31-10) 31ada-SL Willow Spring 8.500 200MNCS nov 7-30-75 8.0 740 7-30-75 Discharge measured at road beLow spring
nOV 7-16-76 7.0 680 7-16-76 orifices. Area contains willows in a

23V 7- 3-77 9.5 660 7- 3-77 swa Ie near creek.
32bcb-SL East Willow Spring 8,530 200MNCS 5E 7-30-75 7.0 1.050 7-30-75 Issues beside creek bottom.

<IE 7- 3-77
(0- 31-11) 1bdc-SL Poison Spring 5.nO 221MRSN 3E 8- 1-75 24.5 1,025 8- 1-75 Discharges from sandstone over ahale.
(0-31-13) 9bcd-S 1 Hunts Cabin Spring 4.300 231UNGT 3V 6-20-57 17.5 6-20-57 Developed for domestic supply at cabin

4V 7-26-76 19.0 550 7-26-76 (unused in 1976). Discharges from
Joints and bedding planes in overhang
about 30 feet west of cabin and in
north wall of canyon. Overhang i B

walled in, Bnd wa ter discharges through
pipe. Much seepage alld vegetation in
area.

(0-32-8) 21dba-Sl Spring Canyon Spring 5.500 2LLEHRY 2E 9- 1-76 20.0 2.975 9- 1-76 Discharges in stream channel upstream
from hogbacks of Emery Sandstone Member
of Mancos Shale. Di scharge may occur
at contact with Haauk Member of Mancos
ShalCl. 81 te marked by Raltcedar and
tall gTas!S~s.

(D-32-1O) 4bcd-S 1 South Fork Spring 9.200 L20TRTR < .5E 7-16-76 10.0 410 7-16-76
<IE 9-11-76

8bdc-Sl Igneous Spring 8,160 lllCLVM 3V 8-14-75 23.0 440 8-L4-75 Measured about 0.3 mi Ie below spring.
23.0 420 7-15-76 Temperature of water affected by low

<IE 7- 4-71 14.0 460 7~ 4-77 rate of discharge and distance from
orifice.

8cdb-S1 Six Gallon Spring 7,880 lllCLVM 6V 8-L4-75 13.0 1.250 8~lit·-75 Discharges from colluvium over shale.
18cha-Sl U.S. Bureau of Land 6.880 200MNCS 5E 8-14-75 15.5 6,500 8-14-75 Discharges from thin bed of sandstone

Management in Mancos Shale.
(0-33-8) 2ccd~Sl Divide Canyon Spring 6.100 21lHVRD IDE 8-l3~75 14.5 1.500 8-13-75 Discharges from buff sandstone over

gray sandstone neaT bottom of steep
canyon about 300 feet below rim of
Tarantula Mesa.

Table 8. --Records of selected petroleum-test wells and core holes
{The t('rm, freshwater, as ruported by petroleum companies does not necessariLy agree with the definition given in the introduction to thls report. As reported bv th£'

petroleum companieB, freshwater may include slightly to moderately saline water; the reported term, salt water, may include moderately saline wat(>T tu hrine i

Location: See text for description of we11- and apring-numbering system. D, well deepened, or S, well plugged back in year shown as year constructed; W. test well
converted to water well (sec table 6).

Name: Shows company that drilled well. followed by the nun:ber of well drilled In individual lease area, followed by landowner or other leaBe holder.
Altitude: Altitude of Land surface at well. above mean sea level. Hany altitudes are those reported by company drilling well, but all have been checked against topo

graphic maps and have been modified where reported vaLue seems seriously in error. S. aLtitude verified by surveying altimeter.
Selected geologic data: Formation code - See table 1 for explanation of code and de.cription of lithology. Depth_ - All have been adjusted. where possible, to depth

beLow land surface. Some are below company'. reference datum, but difference is generally le88 than 15 feet.
Interval tested: Except as noted in the remark_, interval wa. i.oLated with packerll and aampled through the driLl stem. Depths have been adjusted, where po,sible, as
noted under selected geologic data.

Other data available: Chemical analysis in table 13 and analysell of trace elements in table 14 - B. cOl'll!lOnly determined constituents; C, corrmonly determined con.t!tu
entll plua some trace elements. DR, log in table 10.

Remarks: nST. drill-stem test.

15dca-l Mobil No. 34-15
Federal

Location Name

(D- 23-9) 17cbd-1 Amerada No. 1
Federal

(0- 23-10) 24dcc-l Pan American No.
Anderson

28dbb-1 Amerada No. 1-354
Feders1

(0- 23-11) 22ccc-l Standard Oi 1 Cali-
fornia No. 1
Federal

27bbd-l Standard Oi 1 Cali-
fornia No. 2
Federal

(D-23-13)7dcc-l Kerr-McGee No. 1
Texas Pad fie

(I>- 23-14) 19ddb-l Monaanto No. 1
Federal

(0- 23-15) 21bab-l Shell No. 1
Federal

(D-23-l6)3bca~1 Mobil No. 12-3
FederaL

Selected geologic data Interval tested Other
Year Altl- Depth Forma- Depth to Depth to Depth to Depth to data
con- tude drilled tion top bottom top bottom avail-

structed (feet) (feet) code (feet) (feet) (feet) (feet) able

1962 7,046 3.665 220NVJO 0 587
231WNGT 914 L,219
310CCNN 2.322

1958 6,840 2,000 310CCNN 320
J30HSSP 1,600

1961 6,818 3.144 330MSSP 2,197
2.265

1936 6,710 2,285 310KlBB

1936 6,690 4.900 310CCNN 0
400PCMB 4,885

1957 6.520 20 218 310CCNN 0
320PSLV 763
330MSSP 1,012 1,680
370GMBR 1,965

1958 4,378 6,060 221ENRD
220NVJQ L.018
231WNGT 1,246 1,610
3 LOCCNN 2,665
330MSSp 5,898

1959 4,679 7,702 22lENRD 370 385
220NVJQ 1,190 1.640
23lWNGT 1.913 2,234
31QCCNN 3,260 3,711
330MSSP 7,452 7,500 7,702

1961 4,038 9,450 221SLWS
220NVJO 1,280
231WNGT 1,497 1.900
3l0WTRM 2,805 3,228
330MSSP 8.530 8,715

1961 4,050 8,440 22lENRD 0 ]63
220NVJO 539 948
231WNGT 1,210 1,'521
HOWTRM 2.540 2,860 ? ,510
319ELPC 3,113 1,803
330MSSP 8,028 8,210 fl.440

68

Remarks

Yield reported to be 4-6 gal/min at
1.248 feet.

Teated Hermosa Formation. See com~

posite log of lithology for this
well and (D-23-11)27bbd-1 in Baker
(1946, p. 117-120).

See composite log of lithology [or
this well and (D-23-11)22ccc-l in
Baker (1946. p. 117-120).

Water reported at approximately 900
feet. Fault at 1,000(?) feet.
DST(S) in massive Mi.ssissippian
rocks yielded no water.

OST 1 recovered 3.240 feet of salt
water. Well drilled using salty
mud, but water is IIsme in wells
nesrby.

OST recovered 1,150 [eet of mud-cut
salt water and 2,000 fe~'t of salt
water.

Well yiddcd slight t low at 800 [e-l·t

Yield 3.3 gal/min at 2,530-2,570
feet, ISO ¥;al/min at 3,lt5 fl'et, and
146 gal/min at 1.240 feet.

0.."1' 1 recovered 651 fefOt of mud and
6,929 fel<t of salt water.



Table 8.--Hecords of selected petroleum-test wells and core holes--Continued

Location Name Year
con

structed

Alti
tude

(feet)

Depth
drilled
(feet)

Selected geologic data

Forma- Depth to Depth to
lion top bottom
code (feet) (feet)

Interval tested

Depth to
bottom
(feet)

Other
data

avail
able

Remarks

(0- 24- 7) 16daa-l

(D- 24-9) 7dab-lW

(0-24-13)2cab-1

2ccd-l

3dbb-1

True No. 43-16
State

Amerada No. 1-362
Armstrong

Superior No. 23-2
Stancal

Iron Wash Oil No. 1
State

Security No. 1
Federal

1975

1961

1958

1950

1970

5,560

5,635

4,760

4,510

3,583

5,326

2,381

3,800

310KIBB

230MNKP
310CCNN
330MSSP
34l0URY

23lWNGT
230MNKP

237SNBD

310CCNN
330MSSP
371LYNC

22lENRO
220NVJO
231WNGT
310cCNN

220NVJO
23lWNGT
310cCNN
330MSSP

3,534

o
551

1,296
1,832

1,562

2,038

2,200
3,775
5,170

o
333

1,060
2,329

88
680

2,070
3,600

524

1,832

1,263
2,200

2,830

860
1,340

500
1,080
2,721

1,800

2,041

1,885

Freshwater zone at 184-188 feet left
for water well. Water also found
at 1,242 feet in Pennsylvanian and
Permian rocks. Mississippian rocks
described as eroded.

Pumped 12,260 gallons of water and
small amount of oil from perfora
tions.

DST 5 recovered 95 feet of mud and
1,225 feet of black sulfur water.

lladb-1W Texas Gas Exploration 1974
No.1 Federal

4,740 4,224 221ENRD
220NVJO
23lWNGT
324HRMS

o
480

1,232
3,567

218
922

1,525
3,814 3,868

Plugged back to 1,400 feet and left
as water well.

OST recovered 2,825 feet of water.

32bbd-1 Union No.1 State 1967 4,844 2,355 221ENRD
220NVJO
231WNGT
310CCNN

10
177
998

2,265

797
1,325

(OH24-14)lOaac-l Union Texas Petroleum 1972
No. 1 Federal

2ldab-l Carter No.1 Federal 1958

4,308

4,321

7,284

7,655

221ENRD
220NVJO
231wNGT
3l0CCNN
330MSSP

221ENRO
220~VJO

231WNGT

230MNKP

310CCNN
330MSSP

o
280

2,341
6,102

o
220

1,688

2,295
7,144

1,373

6,9121

1,325

2,295

2,990

6,120

2,114

2,160

7,200

6,353

2,340

2,175

7,350

DST recovered 1,530 feet of slightly
mud-cut salt water and 21,753 feet
of salt water.

DST recovered 180 feet of mud, 630
feet of mud-cut water, and 740 feet
of brackish ....ater.

DST recovered 176 feet of mud-cut water
and 1,356 feet of black sulfur water.

DST recovered 105 feet of water-cut
mud, 1,600 feet of muddy water, and
5,190 feet of brackish water.

(D-24-15)5caa-1 General Petroleum No. 1950
45-5-G Federal

4,260 7,161 22li~NRD

220NVJO
231WNGT
310CCNN
324HRMS

o
360

1,090
2,470
3,220

215
880

1,410
3,030
6,681 3,618 3,712 DST recovered 1,800 feet of sulfur

water.
330LDVL 6,832

6caa-l P. B. English No.
Moore

1954 4,110 2,370 22H~NRD

22QNVJO
231WNGT

o
230
950

740
1,320

(D-24-.l6)l5acd-l Pledger No. 1
Federal

19bda-1 Shell No.1 Federal

1964

1958

4,272

4,758

5,370

8,677

220NVJO
231WNGT
310CCNN
324HRMS

221ENRD
220NVJO
231WNGT
3l0CCNN
310cUR
330ROLL

766
2,047
2,698

10
488

2,552
2,946
7,570

440
1,050

1,548
2,946
3,309
8,263?

158

7,968

<4,596

8,067

Casing 9 5/8 in. to 158 feet, cemented;
5 1/2 in. to 4,596 feet, cemented with
255 sacks of cement. On June 19,
1966, water discharge was reported at
2 gal/min from annulus between the two
casings.

OST recovered 6,900 feet of salt water
with strong odor of hydrogen sulfide.

14dbb-2 Mountain Fuel No. 1A
Federal

310CCNN 4,562

(0- 25- 5) 13cca-l

(D- 2')-9) 27bba-l

(D- 25-12) Idee-I

American Liberty
No. 1 Federal

Amax No. 1 Fcdera 1

Union No. 019-1
Federal

1948

1966

1959

1967

5,927

5,971

5,920

4,880

4,493

4,590

3,382

2,355

221ENRD
220NV JO
231WNGT
310cCNN

221ENRD
220NV JO
23lWNGT

230MNKP

31QCCNN
330LDVL

221ENRD
220NVJO
231WNGT
310CCNN

o
610

2,355
4,315

o
1,466
2,610

3,180

1,850

10
177
998

2,265

69

215
2,217
2,723

332
2,415
2,945

4,400

830
2,4551

797
1,325

3,990 4,090

First hole abandoned. Drilled with
air. Driller reported salt water
encountered at 602 feet, in Carmel,
formation was pumped at estimated
126 gal/min (l80 barrels per hour).

OST recovered 3, 000 feet of muddy
water



Table 8. --Records of selected petroleum-test we 11s and core holes--Continued

Selected geologic data Interval tested

Location Name Year
con

structed

Alti
tude

(feet)

Depth
drilled
(feet)

Forma
tion
code

Dap th to
top

(feet)

Depth to
bottom
(feet)

Depth to
top

(feet)

Depth to
bottom
(feet)

Other
data

avail
able

Remarks

(D-25-l2) 24bbb-l Pan American No.1
American Petrofina

34ccc-1 Delhi No.1 Russell

(D-2S-13)llhbb-l Union No. l(998-A)
Federal

l4bbc-1 Texaco No. 1 Federal

(D-25-l4)2lbdb-l Reynolds and Carver
No.1 Federal

22cdd~1 Texaco No.2 Federal

1958

1953

1967

1959

1969

1960

5,025

5,157

4,743

4,900

4,750

4,770

5,929

6,008

5,175

7,314

5,144

7,010

221ENRD
220NVJO
231WNGT
3l0CCNN
3248RMS

330LIJIIL
330MDSN

221ENRD
220NVJO
23lWNGT
310CCNN
324PRDX

330MSSP
340IJIINN

220NVJO
23lWNGT
310CCNN

324HRMS
330RDLL

221ENRD
231WNCT
230HNKP

310CCNN

330LDVL
400PCMB

220NVJO
310CCNN

231WNGT
230MNKP

310CCNN
330MSSP
341ELBR

10
319

1,110
2,395
3,896

5,140
5,238

o
694

1,420
2,680
4,755

5,590
5,790

85
784

1,971

3,320
3,492

10

1,592

2,176

3,622
6,260

90
2,158

1,474

2,042
4,392
5,303

926
1,462
3,355
4,990

5,238

298
1,145
1,74.5
3,3501
5,185

5,790

563
1,107
2,670

3,494
4,644

1,250
2,176

4,554

1,114
2,042

5,232
5,6721

4,430

5,530

4,785

5,789

3,740
3,495
4,160

1,550

2,174

1,855

5,340

4,492

5,600

4,988

6,008

3,750
3,520
4,180

1,649

2,224

1,860

5,841

OST recovered 90 feet of mud-cut
water and 1,230 feet of fresh('!)
water.

DST recovered 350 feet of mud and
4,500 feet of slightly(?) salty
water.

DST recovered 300 feet of mud and
3,350 feet (''' "ater-cut mud with
carbon dil,.J:,ide.

DST recovered 1,060 feet of water.

Sampled May 3, 1976, by bailing.
Water level reported at 450 feet.
Water mainly from Navajo and Win
gate Sandstones.

Tested three zones by perforation,
acidizing, and swabbing. Recov
ered only water. No thorough test
of water yield.

OST recovered 550 feet of water~cut

mud wi th globules of black oil and
540 feet of sulfur water with oil
specks.

DST recovered 180 feet of mud and
1,365 feet of sulfur water.

Swabbed perforations; yielded 7
gal/min of water for 14 hours.

OST recovered 4,400 feet of brackish
water.

400PCMB 6,856

(D-25-l5)ISabd-l Superior No. 31-15 1963
Federal

22aca-1 Conoco No.2 Federal 1953

32cad-1 Standard Oil Cali- 1956
fornia No. 1 State

(D-25-16)lObac-l Shell No.2 Federal 1959

29cdb-l Standard Oil Cali- 1957
fornia No. 1 Federal

4,960

4,840

5,075

4,738

4,853

6,470 220NVJO
231WNCT
310CCNN
324PRDX
330MSSP

6,396 221ENRD
220NVJO
231WNCT
310CCNN
324HRMS

324PRDX

330MSSP

5,843 220NVJO
231WNCT
310CCNN
310CTLR
330MSSP

7,370 220NVJO
231WNGT
3l0CCNN
310CTLR
330RDLL

6,701 220NVJO
23lWNGT
310CCNN
310CTlR
330MSSP

353
986

2,471

6,212

o
320

1,105
2,445
3,283

4,955

5,916

250
1,042
2,294
2,743
5,594

40
778

2,160
2,377
6,707

117
842

2,319
2,625
6,359

764
1,416

185
840

1,393
2,822

810
1,330
2,743
3,190

484
1,072
2,377
2,710

610
1,235
2,625

4,819
6,230

4,345

4,950

6,085

5,631

6,898

6,480

4,855
6,470

4,376

5,062

6,220

5,843

7,092

6,594

OST recovered 290 feet of water.
DST recovered 5,560 feet of sal t
water.

OST 6 in upper Hermosa Formation
recovered 3,570 feet of salt water.

DST 2 recovered 60 feet of mud-cut
water and 750 feet of R3S-cul sul
fur water.

nST 5 recovered 5,460 feet of sul
fur water.

OST recovered 825 feet of watery
drilling fluid and 3,870 feet of
dark muddy sulfur water.

OST 1 recovered 1,470 feet of. mudd\'
salt water and 4,39" feet of salt
water.

DST 3 recovered 180 feet Ol lo'aLcr\"
mud, 900 feet of muddy lo'.1ter, and
4,550 feet of hlack sulfur wilter,

(D- 26-4) l5bdd-l

(D-26-6)llaad-1

Mountain Fuel No. 1
Federa I

Energetics 4lX-ll
Federa 1

1966

1973

8,181

5,861

6,4B5

3,405

221ENRD
220NVJO
231WNGT
310KIBB

220NVJO
231WNGT

910
3,455

6,465

425
1,675

70

1,680

4,975

1,475

4,080

6,468

4,115

6,485

DR
OS! recovered 1,734 t('cl of water,

DST recovt'n·d 200 fl'et of hrllckish
water.

Water reported to he in Navajo Sand
stone.



Table 8.--Records of selected petroleum-test wells and core holes--Continued

Location Name Year
con

structed

Alti
tude

(feet)

Depth
drilled
(feet)

Selected geologic data
Forma- Depth to Depth to

tion top bottom
code (feet) (feet)

Interval
Depth to

top
(feet)

tested
Depth to
bottom
(feet)

Other
data

avail
able

Remarks

<0- 26-7) 7cad-l Colorado Energetics
No. 23-X Federal

1973 6,017 3,230 220NV JO 214

l7bca-lW Mountain Fuel No, 1
Federal

l7bdb-l Mountain Fuel No.
I-A Federal

l7cba-l Ramsey No. 1 Senior

17cda- 1 Byrd- Fros t No. 1
English

18aab-l Coleman lA English

19bbd-1 Shell No.1 Federal

20dab-l Shunt\olay Mining No. 1
Parker

(O-26-8)14hdb-l Texaco No.1 Federal

(O-26-13)17cdb-l Larue No. 1 Kerr
McGee

25cbd-20 Pan American No.9
Humble

32aaa-l Callahan No.1
State

35aca-1 Pan American No. 10
Humble

1946

1947

1934

1952

1951

1960

1957

1967

1962

1949

1946

1964

6,125

6,124

6,122

6,118

6,084

5,955

5,200

6,480

5,262

5,402

5,390

5,652

3,845

8,518

3,168

2,753

2,875

6,704

2,620

4,415

5,780

6,380

2,638

6,040

220NVJO
231WNGT
310CCNN

220NVJO
231WNGT
310CCNN
330MSSP

220NVJO
231WNGT
310cCNN

220NVJO
231WNGT
237SNBD

220NVJO
231WNGT

220NVJO
231WNGT
310CCNN
300PLZC

330RDLL

34lELBR

220NVJO
231WNGT
231CHNL

220NVJO
310CCNN
330MSSP

221ENRD
220NVJO
131WNGT
JlOCCNN
330MSSP

22lENRD
220NVJO
231wNCT
3l0WTRM
324HRMS

330MSSP

22lENRO
310CCNN

221ENRO
220NVJO
310CCNN
.13OMSSP

204
1,500
3,038

204
1,387
3,075
4,630

215
1,270
3,002

220
1,310
2,738

230
1,416

390
1,527
3,342
3,502

5,002

6,220

38
1,137
1,537

o
2,620
4,330

10

1,380
2,625
5,565

o
540

1,350
2,572
4,186

5,464

10
2,605

o
740

2,813
5,923

1,270
1,707
3,458

1,250
1,730
4,035

1,195
1,689

1,240
1,710

1,309
1,734

1,384
1,909
3,502
4,304?

5,906?

6,672?

1,050
1,537
1,745

1,150
1,675

300
1,000
1,630
3,225
5,394

6,144

566
1,238

3.706

5,420

6,300

603

1,655

5,035

5,147

5,540

5,940

1,100
1,745

3,921

5,530

6,704

650
1,450
1,660

5,135

5,220

5,641

6,040

Plugged back to 1,134 feet and
left for freshwater supply.

Well produced (bailed?) 7 gal/min
when we 11 was 963 fee t deep.
Water in Navajo Sandstone "stood"
at 900 feet, which seemed to be
its level when well was 1,100
feet deep. Water level was about
740 feet be low land sur face when
well was 1,745 feet deep. Well
produced natural gas from Moenkopi
Formation.

Water reported in Sinbad Limestone
Member of Moenkopi Formation.

Well reported to produce 1~ gal/min
at 852-855 feet, 3~ gal/min at 860~

870 feet, and an unmeasured in
crease at 946-968 feet.

Rocks equivalent to Supai Formation.
OST recovered 2,218 feet of mud-cut
suI fur water.

OST recovered 3,890 feet of mud-cut
water and sulfur water.

nST recovered 4,540 feet of mud-cut
water.

Drill-stem test produced no water.

OST recovered 960 feet of water-cut
mud, 775 feet of mud-cut water,
and 1,920 feet of fresh(?) water.

OST recovered 300 feet of mud-cut
water and 3,618 feet of water with
odor of hydrogen sulfide.

OST recovered 465 feet of slightly
water·cut mud, 651 feet of mud-cut
salt water, and 2,718 feet of
slightly mud-cut salty sulfur water.

DST recovered 860 feet of slightly
mud-cut water Bnd 2,954 feet of
sulfur water.

(D-26-l4)7bbc-l Odessa No. 1
Shannon

1959 5,155 5,750 221ENRO
220NVJO
231WNGT
JI0CCNN
331MDSN

o
490

1,197
2,247
5,617 5,619 5,750 DST recovered 180 feet of mud-cut

sulfur water and 2,595 feet of
sulfur water.

26ddc-l Carter No, l Federal

30cdb-l Humble No.7 Federal

1958

1961

5,680

5,330

6,700

6,007

221ENRO
231WNGT
310WTRM
330MSSP

221ENRD
220NVJO
310CCNN
330MSSP

10

2,747
6,436

10
557

2,614
5,812

1,806
3,353

6,500

5,860

6,700

6,007

DST recovered 810 feet of muddy sal t
water and 4,240 feet of sli~htly

salty sulfur water.

nST 3 recovered 3,628 feet at s[i~htly

mud-cut water.

(0- 26- 16) 3lccd-l Hunt Oil No. 1
Federal

1972 5,210 5,000 220NV .10
231WNGT
3l0WTRM

790
2,198

71

6~lQ

1,170
2,720

965
2,280 2,550

Drilled with air. Well pr,)dUl..·ln~ an
estimated 18 ~al/min of freshwater
hy air Ii ft. producing an estimated
[00 gal/min of slightly hrnckish
water hy ,Ii r lift.





Table 8. --Records of s('lected petroleum-test wells and core holcs--Continued

Location Name Year
con

structed

Alti
tude

(feet)

Depth
drilled
(feet)

Selected geologic data

Forma- Depth to Depth to
tion top bottom
code (feet) (feet)

Interval tested

Depth to
top

(feet)

Other
data
avai1~

able

Remarks

(D-28-5)13dba-l

(0- 28-8) 29cdc- 2

Phillips No. 1
Federal

Stanolind No. 1
Federal

1960

1955

7,079

4,936

6,105

7,160

231WNGT
3l0CCNN

321HKTL

330MSSP

221ENRD
220NVJO
23lWNGT
310cCNN

330MSSP

o
2,510

3,238

4,895

o
698

1,802
3,562

6,550

470

5,890

306
1,668
2,323
4,705

2,950

3,260

4,934

3,636

6,550

3,015

3,374

5,059

3,669

6,618

DST recovered 420 feet of fresh water
cut mud.

DST recovered 605 feet of mud-cut fresh
water.

OS'f recovered 420 feet of mud and 2,480
feet of mud-cut freshwater.

Pennsylvanian rocks from 4,705 to 6,330
feet also reported as impor tant wa ter
bearing zone.

nST recovered 400 feet of water-cut
mud and 800 feet of freshwater.

DST recovered 6,125 feet of freshwater.

32acb-l ohio Oil Co. No. I
State

1921 4,990 3,650 220NVJO 715 1,520 This well provided the first indication
of large supplies of artesian water in
the Navajo Sandstone in the Cainevil1e
Red Desert area. Salt water reported
in sand from 2,636 to 2,750 feet.

J3cdd~IW Colt Oil No. 1~3J

Federal

(D-28-11)5cdb~1 Tennessee Gas Trans
mission No. I
Federal

(D-28-l2)32dad-l Kimbark No. I State

1975

1960

1969

4,8235 3,700

4,618 7,301

4,570 2,524

221ENRO
220NVJO
310KIBB

310W11lM

221ENRD
220NVJO
231WNGT
3l0cCNN

330MSSP

221ENRD
220NVJO
231WNGT
310KIBB

31OW11lM

o
745

3,469

3,600

510
1,270
2,105
3,520

7,078

10
357

1,27B
2,328

2,443

327
1,670
3,600

940
1,870
2,634

926
1,609
2,443

3,493

3,595

7,100

2,329

2,443

3,530

3,700

7,301

2,439

2,474

DST 2 recovered 677 feet of water.
Specific conductance 5,000 micromhos.

DST 1 recovered 3,191 feet of muddy
water. Specific conductance 4,040
micromhos.

Well is on southwest side of fault
zone that has a net throw of 400 feet
down to southwest as measured by off
set of Navajo Sandstone in this well
and well (O-27-11)34ddb-1O.

DST 1 recovered 5,200 feet of brackish
water.

DST recovered 1,989 feet of mud-cut
water.

DST recovered 1,772 feet of sulfur
water.

(D- 28-14) l4ccd-1 Murphy No. 4 Federal

(0- 28-17) 27bbd-l Placid No. DU-l
Tulley

(D-29-5)30dbc-l Argo No.1 Pan Amer-
ican Federal

1959

1970

1958

5,644

4,352

7,280

6,975

5,075

3,768

221ENRD
231WNGT
310CCNN
330MSSP

31OW11lM
310CTI...R
330MSSP

310KIBB
310CCNN
330RDLL

10
1,125
2,323
6,768

80
500

4,562

436
610

2,700

1,432

500
1,090

610

6,798 6,974 DST recovered 1,762 feet of muddy salt
water.

(D-29-10)8ccb-1

(0- 29-11) 2aac-l

Amerada No. I Stein
Federal

Amerada No. 1
State

1958

1958

4,830

4,490

8,174

2,847

21lFRRN
221ENRD
220NVJO
231WNGT
237SNBD

310KIBB

31000RK

310HLGT

324P1\DK

331LDVL

221ENRD
220NVJO
231WNGT
310KIBB

31OW11lM

o
1,553
2,501
3,638
4,746

4,823

5,107

5,810

6,742

7,792

o
643

1,610
2,751

2,785

2,170
3,303
3,928

4,865

5,351

6,105

7,586

386
1,246
1,952
2,785

4,750

4,840

5,107

6,035

7,390

7,920

2,695

2,787

4,790

4,868

5,159

6,060

7,470

7,953

2,783

2,847

DST 1 recovered 1,100 feet of sulfur
water.

DST 2 recovered 465 feet of clear sul-
fur water.

DST 3 recovered 828 feet of water-cut
mud. 1.380 feet of E11i~htly mud-cut
water, and 2,128 feet of water.

OST 4 recovered 450 feet of slightly
mud-cut water.

OST 7 recovered 6,310 feet of slightly
muddy wa ter.

DST 8 recovered 90 feet of mud and
6,808 feet of water.

DST I recove.red 540 feet of water-cut
mud and 1,771 feet of bl.1ck suI fur
water.

DST 4 recovered 300 feet of water-('ut
mud and 2,071 feet of clear sulfur
water.

(D~ 29-12) 29bcb- 1 Sky 1ine No. 2 Gu 1 f

30abb-l Kimbark No.1
Federal

1975

1969

4,790

4,714

2,735

2,800

221ENRD
220NVJO
231WNGT
31OW11lM

221ENRD
231WNGT
310WTRM

o
630

1,570
2,718

o
1,543
2,698

1,210
1,920

1,908
OST in whi te Rim Sandstone ~lemb('r

yielded no water.

33acd-l Tennessee Gas Tran
mission No.1
Federal

1958 4,616 6,584 220NVJO
231WNGT
230MNKP

JIOWTRM
330MSSP

194
1,141
1,770

2,260
5,699

73

840
1,478
2,260

6,443?

2,162 2,178 ,Swabbed samples from perforated test



Table 8. --Records of selected petroleum-test wells and core holes--Continued

Location Name
Year
con~

structed

Alti
tude

(feet)

Depth
dri !led
(feet)

Selected geologi.c data

Forma- Depth to Depth to
tion top bottom
code (feet) (feet)

Interval

Depth to
top

(feet)

tested

Depth to
bottom
(feet)

Other
data'

avail
able

Remarks

(O-29-12)33acd-lS Gulf Energy No.1
Federal

([)-29-U) 1,lab-lW Phillips No. 1758
paradox- Brown

1971

1959

4,616

5,250

6,584

2,649

230MNKP

3lOW1RM

220NVJO
231KYNT
23 IWNG T

2,260

30
656
908

656
908

1.205

2.161

2.262

2,190

2.320

Wt·ll plug,gcd back to 2,24,) fl'l;L in
1976(1); produced 10 harrl'ls of oil
and 16 barrels of water un 1-:!1-71.
Water was produced from perforil! ions
while producing oil.

Second test of formation prior to
plugging back. Head (shove fonna
tion) reported to be 1,200 feet.

Abandoned as petroleum-test well be
cause of tools lost in hole. edsed,
plugged back {jnd converted to water
well to supply nearby petroleum
test well. Water from Wingate Sand
stone. Assigned to Bureau of Land
Management.

1aab-2 Phillips No. 1758A
paradox- Brown

1959 5,250 6,404 220NVJO
231WNGT

310CTLR
330MSSP

30
910

2,032
6,180

650
1,210

6.230 6.404

DR
Tested 7.011(' producing water in nearhy
water well; test produced no water.

DST recovered 300 feet of mud and
4,800 feet of sulfur water.

(D-29~l4)23bdd-l Whitney No. 1
Federal

(O-29-l5)20add-l Conoco No. 1
Hoover

(D-30~l2)l9bbb-1 Amerada No.
Federal

(D~30-13)4dcb-l Mountain Fuel No. 1
Federal

1969

1957

1967

1971

5,807

6,235

4,880

5,293

5,038

6,886

6,026

6, l28

220YVJO
231WNGT
310WnlM

22lENRD
231WNGT
310CCNN
310CTLR
330HSSP

221ENRD
220NVJO
231WNGT
310WTRll

3100GRK

330HSSP

220NVJO
231WNGT
310WTRll

327PKRT

330RDLL

896
2.053

o
1.013
2,205
2.635
6.606

o
808

2,914

3,390

5,794

1.032
2.200

5,340

5,860

642
1.173
2,460

1,312
2,635
3,655

597
1,501
2,122
3,390

3 , 600

825
1.371
2,768

5.7121

6.685

2.900

3.571

5,918

2,192

5,540

6,043

6,846

2,933

3,615

6,026

2.240

5.610

6,129

DST 4 recovered 900 feet of muddy
water and 680 feet of black sulfur
water.

DST recovered 1,650 feet of brackish
water.

DST recovered 1 , 725 feet of slightly
muddy wa ter.

DST recovered 94 feet of mud, 470
feet of slightly brackish water. and
376 feet of brackish water.

DST 3 recovered 282 feet of mud and
648 feet of water.

nST 6 recovered 300 feet of mud and
3 , 728 feet of water.

OST 9 recovered 180 feet of mud. 910
feet of mud-cut water, and 3,680
feet of water.

4dcc-l Skyline No.2
Mountain Fuel

1972 5,291 1,848 220NVJO 60

26dbd-l Richfield No.1
paradox- Brown

27caa~1 Paradox Production
No. 2 Federal

34aba-l Paradox Production
No. 1 Federal

35ddc-1 Paradox Production
No. 3X Federal

(O~30-14)L5ddc-1 Mountain Fuel No.4
Federal

(D·30·16)6bbd·1 Skyline No. 6·11
American Petrofina

(O-31-7)36dad-lW Mountain Fuel No. 1
State

1958

1957

1957

1960

1973

1965

1969

5,552

5,390

5,466

5,100

5,465

6,410

5,361

4,202

4,122

6,301

3.557

4,494

2,156

6.648

220NVJO
231WNGT
310WTRll

220NVJO
231WNGT
310WnlM

220NVJO
231WNGT
3lOWTRM

220NVJO
231WNGT
310WTRll

220NVJO
310WTRll

220NVJO
231WNGT
310WTRll

221ENRD
220NVJO
231WNGT
310KIBB
310CCNN

324HRHS

330ROLL

10
870

2.065

o
876

2,060

10
890

2.073

o
300

1,500

o
1,670

o
650

1,964

o
580

1,950
3,390
3.450

4,922

6,334

760
1.205
2.510

596
1,211
2,506

613
1.224
2.498

650
1.980

2,310

365
1,015
2,364

285
1.610
2.280
3,450

6,130

600
3,414

5,127

6,518

2.446
3,417

5 , 182

6,648

Water produced from Wingate Sandstont.'
in nearby supply well in spe. 23 (sec

table 6).

Core of White Rim S,1ndstone Hemher ,)f
Cutler Formation described as w!lite,
fine- to medium-~rained, well-sort.ed,
and crossbedded poor to well-cementcd.

Test well was t'onverted to irri~;ltion

well (table 6). Dri lIed wi til air and
started producing wateT wh.'n hole was
600 feet deep. Product'd ilh"ut 70
gal/min at 1,200 feet, ahl"t\lt 140 ~~all

min at 1,600 feet, and about 245 leal!
min at 2,436 feet. t.'aler sample trom
section including NavaJO Sandst'Hlf'
throu~h Wingate Sandstone.

DST recovered 186 feel of mud, 46.':>
feet of mud-l'ut water, and I,O),) fe('t
of water.

DS l' recovE'nd 460 tL'e t 0 f mud and S, 340
feet of watl'r,

(0-31·9) 22bbd·1 Webb Resources
No. 22-4 Federal

1970 6,221 6,805 211FRRN
221ENRD
220NVJO
231WNGT
310WTRll

1,432
3,520
4 , 1001
5,060
6,750

74

5,000
5,550

An igneous sill was penetrated ill the
Chinle l'orm,1.tl{ln at 5,824-0,034 fl'd.

'Ihe sj} I is an (llltl}"ln~ part (If the
~ICllry Mountain intrusive complex.



'l'able 8.--Records of selected petroleum-test wells and core holcs--Continued

Selected geologic data Interval tested

Location Name
Year
con

structed

Alti
tude

(feet)

Depth
drilled
(feet)

Forma
tion
code

Depth to
top

(feet)

Depth to
bottom
(feet)

Depth to
top

(feet)

Depth to
bottom
(feet)

Other
data

avail
able

Remarks

(D-31-11)20ddb-l Belco No. 1 Kern
county Land Co.

27ddd-l Kern County Land
No. IX Federa 1

1963

1961

6,643

5,840

6,220

6,683

220NVJO
231WNGT
310WTRM
3JOMSSP

220NVJO
231WNGT
310WTRM

330MSSP

300
1,310
2,480
5,954

947
1,980
3,070

6,508

960
1,590
2,860

1,630
2,259
3,414

6,054

6,600

6,220

6,683

Igneous sill penetrated at 5,700-5,750
feet between Hermosa and Molas Forma-
tions. "'.

DST recovered only 847 feet of water
cut mud.

Navajo Sandstone apparent Iy is strongly
fractured at this site. Drilli.ng
fluid circulation was first lost at
1.011-1,071 feet. Fluid loss per
sisted despite attempts to cement the
losing zone and required large volumes
of mud that at times included 30 per
cent loss inhibi tors (inc luding large
amounts of broken up juniper branches).

DST 1 recovered 2,430 feet of water.

(D-3l-12) 4aad-l

4abb-1

5aaa-1

Tennessee Gas Trans
mission No. 2
Federal

Tennessee Gas Trans
mission No. 1
federal

Grea t Wes tern No. 1
Riepe

1959

1958

1960

4,883

4,890

4,950

5,358

6,491

5,427

221ENRD
220NVJO
231WNGT
310CCNN

221ENRD
nONVJO
23lWNGT
3l0CCNN
324PRDX

330MSSP

22lENRD
220NV JO
231WNGT
310CCNN

o
231

1,154
2,252

o
305

1,238
2,274
4,899

5,510

o
385

1,483
2,450

75

77
868

1,462
2,668

137
938

1,531
2,725
5,130

5,517

218
1,122
1,728
3,110

1,455

4,922

2,448

1,490

4,973

2,490

DST recovered 530 feet of freshwater.

DST recovered 3,125 feet of slightly
gas-cut sulfur wster.

DST recovered 230 feet of gas-cut
mud, 90 feet of watery mud, and 1,170
feet of brackish sulfur water.



Table 9.--Water levels in observation wells

Local number: See text for description of well- and spring-numbering system (SR). Summary of
record presented here; for more detail see hydrographs in Hood and Danielson (1979, figures 10
and 12), and figure 21.

Altitudes of land-surface datum (LSD) given to nearest foot are interpolatPd from topographic maps,
pxcppt S, determined by surveying altimeter; those given to tenths or hundredths are surveyed
altitudes. MSL, mean sea level.

Water level: In feet helow or above (+) land-surface datum. A, well being pumped; 13, well pumped or
flowed recently; C, nearby well being pumped or flowing; D, nearby well pumped or flowed recently;
J<:, estimated (recorder); F, dry; G, measurement by Intermountain Power Project; H, tape m('asurement
(recorder); N, no measurement (recorder); 0, discontinued; Q, flowing but lJOmeaslJred; I" see note
in heading for individual well.

LOCAL NUMBER (D-28-4):J6CDB-1. NO STATE CLAIM. V.A.LEE. DRILLED UNUSED WATER-TABLE WELL IN
ALLUVIUM. DIAM 6 IN (IS CM), DEPTH 112 FT (34 M), CASED TO 112 FT (34 M), UNPERFORATED, WITH OPEN
END.MP TOP OF COUPLIN(; AT LSD. WATER LEVELS BELOW LSD.
LSD 6860 FT ABOVE MSL.
III CHEST WATER LEVEL 8.14 BELm) LSD, JUNE 8, 1937,
LOWEST WATER LEVEL 15. L7 BELOW LSD, MAR. 20, 1956.
RECORDS AVAILABLE: 1936-42, 1944-56, 1958-77.

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

\~ATER

LEVEL

APR.
SEP.
NOV.
APR.
JUNF:
DEC.
APR.
AUG.
DEC.
APR.
AUG.
DEC.
MAIL
DEC.
MAR.
DEC.
AUG.
DEC.
DEC.
MAR.
DEC.
Mi\Y

21, 1936
29
27
9, 1937
8
8

11, 1938
24
20
18, 1939
21

6
25, 1940

6
20, 1941

4
9. 1942

18
5, 1944
2, 1945
7
9, 1940

8 ..53
10.54
1(). 17
8.40
8.14

10.95
10.32
12.18
11.52
10.62
12.83
12.35
11. 21
12.60
11. 14
11.99
12.62
12.33
12.91
11.88
12.65
12.50

DEC.
MAR.
DEC.
DEC.
MAR.
DEC.
MAR.
APR.
DEC.
MAR.
DEC.
MAR.
DEC.
DEC.
MAR.
DEC.
MAR.
MAY
.IULY
NOV.
JAN.
MAR.

17,
26,
1 I,
10.
29,

9
26,
6,
7

10,
15
25,

I
5,

20,
5

11.
9
8
7
5,
3

1946
1947
1948
1949
1950

1951
1952

1953

1954

195.5
1956

1958

1959

13.27
12.81
14.27
14.59
13.93
14.96
13.84
13.61
14.84
14.08
14.91
13.85
15.02
15.20
15.27
15.00
12.58
12.18
12.88
13.66
12.88
12.36

MAY 1,
JULY 1
SEP. 2
NOV. 3
JAN. 6,
MAR. 24
MAY II
JULY 12
SEP. 16
NOV. 2
JAN. 6,
MAR. 20
MAY 25
JULY 7
SEP. 12
APR. 4,
SEP. 26
APR. 4,
SEP. 27
MAR. 31,
SEP. 25
DEC. 8

76

1959

1900

1961

1902

1963

1964

12.27
13.16
14.03
14.06
12.89
12.07
12.27
12.n9
13.79
13.57
13.02
12.67
12.30
12.98
13.60
12.39
14. 19
11.88
13.08
11. 62
13.51
13.43

Mi\R.
SEP.
MAR.
MAR.
SEP.
APR.
OCT.
MAR.
SEP.
MAR.

OCT.
MAR.
OCT.
MAR.
OCT.
MAR.
SEP.
MAR.
OCT.
MAR.
OCT.
MAR.

18, 1965
13
10, 1906
22, 1967
13, 1908
22, 1909

8
3, 1970
3

15, 1971
19
2, 1972

11

7, 1973
2

21, 1974
30
24, 1975

7
23, 1970

7
8, 1977

12.05
13.57
12.95
12.85
14.50
12.73
14. In
12.00
12.65
12.09
13.59
12.71
12.59
11. 73
13.0n
11.67
13.08
11.68
12.91
11. 83
13.35
12.16



Table 9.--\'Jater levels in observ'ation wells--eontinuerl

(SR) LOCAL NUMBER (D-28-7)27CDB-1. TEST HOLE. US BUR LAND MANAGEMENT. DRILLED BY INTERMOUNTAIN POWER
PROJECT. ARTESIAN OBSERVATION wELL IN NAVAJO SANDSTONE. DIAM 6 IN (15 CM), DEPTH 2353 FT (717 M).
CASED TO 1900 FT (579 M). MP IS TOP OF RECORDER PLATFORM, 3.95 FT (1. 2 M) ABOVE LSD. BAROM. EFF. AP
PROXIMATELY 60 PERCENT. \-IATER LEVELS BELOW LSD. VALUES ARE DAILY NOON MEASUREMENTS FROM RECORDER
CHARTS EXCEPT (H).
LSD 5161.81 FT ABOVE MSL.
HIGHEST WATER LEVEL 93.42 BELOW LSD, MAY 5, 1977,
LOI-IEST WATER LEVEL 98.22 BELOW LSD, FEB. 25, 1976.
RECORDS AVAILABLE: 1975-78.

1975
----------------------------------------------------------------------------------------------------
DAY JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.
----------------------------------------------------------------------------------------------------

5
10
J 5
20
25
EOM

94.19H
95.77C
95.83C

95.66C
95.75C
95.92C
96.06C
96.07C
95.95H

1976
-----------------------------------------------------------------------------------------------------

5 96.6611 N 98.13 97.33 96.84 96.22 95.72 95.23 94.93 94.97H N 94.01
10 96.9911 N 97.77 97.28 96.83 96.10 N 95.33 N 94.82 N 94.17
15 97.52H 98.10H 97.91 N 96.69 96.13E N 95.05 N 94.65 N 94.13
20 97.86H 98.06 97.89 N 96.54 95.93 N 95.19 94.85 94.70 N N
25 97.67H 98.22 97.55E 96.98 96.33 95.87 95.58 95.10 94.55 N N N
EOM 98.18H 97.75 97.66 96.97 N 95.82 95.38 95.03 95.15B N 94.21H N

1977
---------------------------_._-----------------------------------------------------------------------

5 N 93.92C 93.42C N 93.81 95.28 97.21
10 93.62C 93.60C 93.57C N N 95.60 97.45
15 93.89C 93.69C 93.59C 93.63H 94.29 N N
20 93.73C 93.68C 93.63C 93.52 94.44 N N
25 93.51C 93.74C N 93.67 94.82 N N
EOM N 93.53H 93.69C N 93.73 95.16 96.81 N 96.45

LOCAL NUMBER (D-28-7) 36BBB-1. WATER-USER CLAIM 95-427. EMMETT CLARK AND OTHERS. DRILLED ARTES
fAN STOCK WELL IN THE SALT WASH SS. MEMBER OF THE MORRISON FMN. DIAM 8 IN (20 CM), DEPTH 800 FT
(244 M), CASED TO 726 FT(221 M). MP IS LSD AT STOCK TROUGH EAST OF WELL, 1.0 FT (0.3 M) ABOVE LSD AT
WELL. LEAKS AROUND CAS fNG. FLOWS CONTINOUSLY. WATER LEVELS ABOVE LSD.
LSD 5100 FT ABOVE MSL.
HIGHEST WATER LEVEL 30.00 ABOVE LSD, JULY 14, 1966,
LOWEST WATER LEVEL 16.30 ABOVE LSD, DEC. 3, 1975.
RECORDS AVA I LABLE: 1966, 1975-77.

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

JULY 14. 1966 + 30. NOV. 18. 1975 + 18.2 B NOV. 24, 1975 + 17.8 B MAR. 16, 1976 + 17.2 B
AUG. 21. 1975 + 17.8 B NOV. 21 + 18. 1 B DEC. I + 18. I B APR. 14, 1977 + 18.4 B
NOV. 15 + 18.9 B NOV. 23 + 18.1 B DEC. 3 + 16.3 B

----------------------------------------------------------------------------------------------------

77



Table 9.--water levels in observation 1fA911s--COntinued

(SR) LOCAL NUMBER (D-28-8)29CDC-1. STATE APPLrCATIONS 27143,31003. US BUR. LAND MANAGEMENT. DRiLLED
BY STANOLIND OIL co. TO SUPPLY OIL TEST. ARTESIAN STOCK WELL IN NAVAJO SS. llIAM 7 iN (18 CM), DEPTH
764 FT (233 M), CASED TO 720 FT (219 M). MP TOP OF BOLTED PLATE ABOVE DISCHARGE PIPE, 2.8 FT (0.9 M)
ABOVE SURFACE CASING AT LSD. FLOWS CONTINUOUSLY TO SMALL DIRT TANK. WATER LEVELS ABOVE LSD.
LSD 4940 FT ABOVE MSL.
HIGHEST WATER LEVEL 69.90 ABOVE LSD, JULY 22, 1976,
LOWEST WATER LEVEL 5.60 ABOVE LSD, DEC. 29, 1975.
RECORDS AVAII~BLE: 1974-77.
----------------------------------------------------------------------------------------------------

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

----------------------------------------------------------------------------------------------------
.JAN. 22, 1974 + 44.2 D SEP. 10, 1975 + 57. C NOV. 17, 1975 + 64.2 JAN. 5, 1976 + 25.8 D
.JAN. 25 + 34.0 C SEP. 12 + 59. G NOV. 20 + 66.2 .JAN. 10 + l3.7 Il

FEB. 8 + 25.3 C SEP. 14 + 61. G NOV. 22 + 66.2 JAN. 15 + 38. I D
FEB. 9 + 9. I C SEP. 16 + 60. G NOV. 24 + 66.5 JAN. 20 + 41.7 D
FEB. 10 + 25.3 C SEP. 18 + 61. G NOV. 25 + 63.2 C JAN. 25 + !f 5. I IJ

FEB. 12 + 42.6 [) SEP. 30 + 47. D NOV. 30 + 43.4 C .JAN. 30 f- 47.4 IJ

APR. 13 + 18.3 C OCT. 2 + 50. D DEC. 5 + 32.9 C FEB. 2 + 48.() D
JULY 22, 1975 + 44.5 C OCT. 5 + 54. G DEC. 10 + 25.1 C MAR. 17 + ')8. J
AUC. 7 + 49.9 C OCT. 8 + 56. G DEC. 15 + 18.6 C MAY 10 + 64.0
AUG. 21 + 50.6 C OCT. II + 57. G DEC. 20 + 13.3 C JULY 22 + 69.9 B
AUG. 28 + 48.4 C NOV. II + 64.5 DEC. 25 + 9.1 C MAR. 31, 1977 + 64.6 C
SEP. 6 + 55. D NOV. 13 + 65.0 DEC. 29 + 5.6 C JUNE 15 + 60.2 C
SEP. 8 + 56. G NOV. IS + 65.7 DEC. 30 + 8.2 D

----------------------------------------------------------------------------------------------------

(SR) LOCAL NUMBER (D-28-8)29DCB-1. WATER-USER CLAIM 95-697. ICPA WELL 39.GARKANE POWER ASSOC. DRILL
ED ARTESIAN TEST WELL IN NAVAJO SS. DIAM 16 IN (41 CM), DEPTH 761 FT (232 M), CASED TO 679 FT (207
M). LOOSE SAND FILLS WELL TO 727 FT (222 M). MP TOP OF 20-IN (51-CM) SURFACE CASING. USED AS AQUIFER
TEST AND OBSERVATION WELL. WATER LEVELS ABOVE LSD.
LSD 4896.50 FT ABOVE MSL.
HIGHEST WATER LEVEL 110.00 ABOVE LSD, SEP. 18. 1975,
LOWEST WATER LEVEL 38.60 ABOVE LSD, DEC. 29, 1975.
RECORDS AVAILABLE: 1974-76.

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

FEB. 12,
APR. 13
JULY 17,
AUG. 7
AUG. 21
AUG. 28
SEP. 6
SEP. 8
SEP. 10
SEP. 12
SEP. 14

1974 + 67. D
+ 67. A

1975 + 83.0 B
+ 103. C
+101.5C
+ 98.0 C
+ 104. D
+ 105. G

. + 108. G
+ 108. G
+ 109. G

SEP.
SEP.
SEP.
OCT.
OCT.
OCT.
OCT.
NOV.
NOV.
NOV.

16.
18
30

2
5
8

11
11
13
15

1975 + 109.
+ 110.
+ 91.
+ 95.
+ 101.
+ 104.
+ 105.
+ 106.5
+ 107.
+ 107.5

G NOV.
e; NOV.
D NOV.
D NOV.
G NOV.
G NOV.
G DEC.

DEC .
DEC.
DEC.

17,
20
22
24
25
30

5
10
15
20

1975 + 108.
+ 108.
+ 108.2
+ 108.0
+ 101. C
+ 78.1 C
+ 66.5 C
+ 58.5 C
+ 52.0 C
+ 46.0 C

DEC.
DEC.
DEC.
JAN.
JAN.
JAN.
JAN.
JAN.
JAN.
FEB.

25, 1975 +
29 +
30 +
5, 1976 +

10 +
15 +
20 +
25 +
30 +

2 +

41. 5 C
38.6 C
44.6 D
65.7 D
74.8 J)

79.5 D
83.3 j)

85.8 D
89.5 D
90.0 0

(SR) LOCAL NUMBER (0-28-8)33BBB-l. TEST WELL. INTERMOUNTAIN POWER PROJECT. DRILLED ARTESIAN TEST
WELL IN NAVAJO SS. DIAM 20 IN (51 CM), DEPTH 1250 FT (381 M), CASED TO 704 FT (215 M). MP IS TOP OF
STEEL PLATE BOLTED TO TOP OF CASING TEE ABOVE 12-IN (30 CM) DISCHARGE PIPE, 2.6 FT(O.8 M) ABOVE LSD.
WATER LEVELS 1975-MAY 1976 AFFECTED BY FLOW AND TESTING. NON-PUMPING WATER LEVELS ABOVE LSD.
LSD 4883.60 FT ABOVE MSL.
HIGHEST WATER LEVEL FLOWING, MAR. 31. 1977. JUNE IS, 1977.
LOWEST WATER LEVEL 28.20 ABOVE LSD, DEC. 30, 1975.
RECORDS AVAILABLE: 1975-77.
----------------------------------------------------------------------------------------------------

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

----------------------------------------------------------------------------------------------------
SEP. 6, 1975 + 107. B OCT. 11. 1975 + 113. G NOV. 30, 1975 353.5 A JAN. IS, 1976 + 84.6 B
SEP. 8 + Ill. B NOV. 8 + 117. G DEC. 5 366.6 A JAN. 20 + 89.3 B
SEP. 10 + 113. B NOV. 11 + 114.5 DEC. 10 377.8 A JAN. 25 + 92 .5 B
SEP. 12 + 114. B NOV. 13 + 116.5 DEC. 15 379.4 A JAN. 30 + 95.8 B
SEP. 14 + 115. G NOV. 15 + 117. I DEC. 20 38Y.3 A FEB. 2 + 97. I B
SEP. 16 + 116. G NOV. 17 + 117.1 DEC. 25 389.8 A HAR. 17 + 107.0
SEP. 18 + 116. e; NOV. 20 + 1J 7. 1 DEC. 29 393.7 A MAY 10 + 114. I
SEP. 30 + 48. B NOV. 22 + 117.0 DEC. 30 + 28.2 B JULY 22 + iLl.6
OCT. 2 + 94. B NOV. 24 + 117.8 JAN. 5, 1976 + 68.5 B MAR. 31, 1977 Q
OCT. 5 + 105. NOV. 25 314.9 A JAN. 10 + 79. I B JUNE 15 Q
OCT. 8 + 109. B
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Table 9.--water levels in observation wells--Continued

(SI() LOCAL NUNBlm (D-28-8)T3CDD-IS. NO CLAIM. US BUR LAND MANAGEMENT. OIL TEST DRILLED BY COLT OIL
CO. TO 3700 FT(1128 M) IN MAY 1<)75: PLUGGED BACK TO 13S0 FT (411 M) BY IPP IN AUGUST 1975 AND CON
VER'l'Im TO ARTESIAN OBSERVATION WELL IN NAVAJO SANDSTONE. IHAM 8 IN (20 CM), CASED TO 1400 FT. FINAL
C:UN PERFORATIONS 756-1296 FT(2'30-'395 M). MP TOP OF VALVE FLANGE, 1.0 FT (0.30 M) ABQVE TOP OF CASING

AT LSD. WATEI{ U:VELS ABOV~: LSIl.

[,SIl 4823 FT ABOVE MSL.
J[IGHEST WATER LEVEL l86.00 ABOVE LSD, SEP. 12, 1975, SEP. 14, 1975, SEl'. 16, 1975, SEP. 18, 1975,

LOWEST WATER LEVEL 118.80 ABOVE LSD, DEC. 29, 1975.
RECOlmS AVAILABLE: 1<)75-77.
----------------------------------------------------------------------------------------------------

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

----------------------------------------------------------------------------------------------------
AUG. 21, 1975 + 17<) . C OCT. 3. 1975 + 171.
AUG. 27 + 170. C OCT. 8 + 172.
SEP. 8 + 184. G OCT. 1 1 + 174.

SEP. 10 + 184. G NOV. 11 + 177 .8
SI,;r. 12 + 186. G NOV. 16 + 178.8

SEP. 14 + 186. G NOV. 20 + 178.6

SI·T. 16 + 186. G NOV. 24 + 178.4

St:P. 18 + 186. C NOV. '30 + 159.8
SEP. 30 + Ih7. D DEC. 5 + 14h.8

])

o
G

C
C

DEC.
DEC.
DEC.
DEC.
DEC.
DEC.
JAN.
JAN.
JAN.

10. 1975
15
20
25
29
30
5, 1976

10
15

+ 139.0 C JAN. 20,

+ 132.5 C JAN. 25

+ 126.6 C JAN. 30

+ 121. 8 C FEB. 2

+ 118.8 C MAR. 17

+ 120.4 D MAY 10

+ 136.5 Il JULY 22
+ 144. h D MAR. 31,

+ 148.8 D

1976 + 153.8 D
+ 156.9 D
+ 159.6 Il
+ 159.6 Il
+ 170.
+ 176.7
+ 183.5

1977 + 147.5 C

LOCAL NlIMHER (11-28-10)22ABC-1. STATE APPLICATION 22469. H.R.PHILLlPS(1951). DRILLED UNUSED WELL
IN FREMONT VALL~:Y ALLUVIUM. IlIAM 12 IN (30 CM), DEPTH 75FT (23 M), CASED TO BOTTOM, PERFORATED 30
75 1''1' (9-23 M). UNUSlm 1'01, YEARS. MP IS BOTTOM OF TURBINE DISCHARGE FLANGE, 1.4 FT(0.4 M) ABOVE LSD.
WATEI< LEVELS BELOW LSI).
LSI1 4370 10''1' AHOVE MSL.
IIICHEST WATER LEVEL 12.04 BELOW LSD, API<. I, 1977,
LOWEST WATER LEVEL 13.62 BELOW LSD, SEP. 6, 1977.
RI\CORDS AVAILABLE: 197h-78.

DATE
WATEl<
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATEl<
LEVEL

JULY 22, 1<)76
SEP. 23

13.22 APR. 1. 1977
13.17 JUNE 15

12.04
12.83

SEP. 6, 1977 13.62 DEC. 28, 1977 12.21

LOCAL NUMBEl< (D-28-11)16DAC-1. WATER-USER CLAIM 95-380. STAGECOACH MOTEL (FORMERLY E.E.STONE).
IlRILLED DOMESTI C AND COMMERCIAL ARTES IAN WELL IN THE ENTRADA SS. DIAM 1. 5 IN (3.8 CM), DEPTH 340 FT
(104 M). PRODUCTION PfPE TO 335 FT(l02 ~I) IN 5.5-IN HOLE; PRESSURE SEAL IS STEEL BAFFLE AT 275FT,
HOLE ABOVE BACKFILLED W[TH MUD. MP IS TOP OF CASING IN PIT BENEATH WELL HOUSE, 3.4 FT (1.0 M) BELOW
LSIl. WATER LEVELS ABOVE LSD.
LSIl 4310 FT ABOVE MSL.

HIGHEST WATER LEVEL 24.30 ABOVE LSD, MAR. 12, 1975,
LOWEST WATER LEVEL 12.80 ABOVE LSD, SEP. 22, 1971.
RECORDS AVAILABLE: 1962, 1%5-75.
------------------------------------_._--------------------------------------------------------------

WATER WATER WNfER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

-------------------------------------------~--------------------------------_. ._---------------------
OCT. 11, 1962 + 23.6 JULY 1<), 1967 + 19.5 OCT. 6, 1970 + 20.2 MAR. 8, 1973 + 16.2
AUG. 14. 1%5 + 18.0 MAR. 19, 1968 + 24.1 JUNE 9, 1<)71 + 20.2 SEP. 13 + 15. I
OCT. 26 + 18.8 JULY 15 + 22.9 SEP. 22 + 12.8 FEB. 27, 1974 + 19.7
MAR. 2 I, 196fJ + 20.0 SEP. 17 + 16.7 DEC. 15 + 17.4 SEP. 24 + 1<).7
JULY 21 + 18.5 APR. 22, 1969 + 20.6 MAR. 15, 1972 + 15. I MAR. 12, 1975 + 24. '3
OCT. 18 + 19.3 SEP. 8 + 22.9 SEP. 13 + 13.9 SEP. 0
MAR. 22, 1%7 + 18.2 MAR. 9, 1970 + 20.2

----------------------------------------------------------------------------------------------------
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Table 9.--Water levels in observation wells--Continued

l.OCAL NUMBER (D- 28-11) 16DAD-I, WATER-USER CLA 1M 95-460. US FED. AV I ATION ADM. DR 1LLEIJ ARTES I AN
DOMESTIC WELL IN THE ENTRADA SS. DIAM 6 IN (15 CM), DEPTH 350FT (106.7 M). CASED TO 350 FT006.ni),
PERFORATED 127-346 1''1' (99-105 M). MP TOP OF CASINC TN PIT, 3.0 1'1' (0.91 M) BELOW LSD. WATER LEVELS

AI>OVE LSD.

LSD 4305 1''1' ABOVE MS L.
HICHEST WATER LEVEL 21.90 ABOVE LSD, MAR. 12, 1971,
LOWEST WATER LEVEL 3.93 ABOVE LSD, SEP. 23. 1976, SEP. 13, 1977.

RECORDS AVA[LABLE: 1964-77.
----------------------------------------------------------------------------------------------------

WATER WATfm WATER WATEI,

DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

----------------------------------------------------------------------------------- .-----------------

OCT. 8, 1964 + 20.70 MAR. 19, [968 + 18.00 ,JUNE 9, 1971 + 10.90 FEll. 27, 1974 + 17.80

MAIL 18. 1965 + 16.60 SEP. 17 + 10.00 SEP. 23 + 10.90 SEP. 24 + 15.50

AUG. 4 + 19.90 APR. 22, 1909 + 15.00 DEC. IS + 13.20 MAR. 12, 1975 + 20.00

OCT. 26 + 20.00 SEP. 8 + 20.10 MAR. IS, 1972 + 13.20 MAR. 10, 1976 + 8.60

MAR. 21, 1966 + 20.50 MAR. 9, 1970 + 17.80 SEP. 13 + 6.20 SEP. 23 + 3.93

JULY 21 + 20.00 OCT. 6 + 17.80 MAR. 8, 1973 + 15.80 MAR. 15, 1977 + 10.90

OCT. 18 + 18.60 MAR. 12, 1971 + 21.90 SEP. 13 + 15.50 SEP. 13 + 3.93

MAR. 22, 1967 + 20.60

(D-29-4)6CCB-l. APPLICATION 18863. ERNEST BRINKERHOFF. DIULLED DOMESTIC AND STOCK ARTESIAN
WELL. DIAM 0 IN, DEPTH 305 FT. MP TOP OF CASING 0.8 FT. ABOVE LSD. WATER LEVEL BELOW LSD.
LSD 6980 1''1' ABOVE MSL.
HIGHEST WATER LEVEL 17.09 BEl.OW LSD, NOV. 2, 1900,
LOWEST WAn:R LEVI~L 21.00 BELOW LSD, MAR. 24, 1960.
RECORDS AVAILABLE: 1958-70.

DATE

MAR. II, 1958
MAY 9
JULY 8
NOV. 7
JAN. 5. 1959
MAR. 3
MAY I
JULY 1
SEP. 2
NOV. 3
JAN. I, 1960
MAR. 24
MAY 11
JULY 12
SEP. 10

WATER
LEVEL

19.31
19.80
18.10
17.93
18.80
19.08
19.42
19.49
18.94
19. 17
19.98
21.00
19.24
18. 18
19.42

DATE

NOV. 2, 1960
JAN. 6, 1961
MAR. 20
MAY 25
JULY 7
SEP. 12
APR. 4, 1902
SEP. 26
APR. 10, 1963
SEP. 27
MAR. 31, 1964
SEP. 25
DEC. 8
MAR. 18. 1965
SEP. 13

WATER
LEVEL

17.09
19.05
20.20
20.00
19.77
18.90
19.97
18.09
19.52
18.83
20.23
18.79
19.00
19.75
17.89

DATE

MAR. 10, 1966
APR. 6
MAY 17
JUNE 14
JULY 13
AUG. 11
SEP. 9
OCT. 4
NOV. 2
DEC. 13
JAN. 9, 1967
MAR. 22
MAR. 14, 1968
SEP. 18
APR. 22, 1969

WATER
LEVEL

18.92
19.22
19.18
18.91
18.43
19.32
18.80
18.55
18.39
18.72
18.98
19.60
19.22
18.10
19.40

DATE

OCT. 8, 1969
MAl,. 5, 1970
SEP. '3
MAR. 16, 1971
OCT. 19
MAR. 2, 1972
OCT. 10
MAR. 6, 1973
OCT. 3
MAR. 21, 1974
SEP. 30
MAR. 17, 1975
OCT. 7
MAR. 22, 1970
OCT. 7

WAn:R
LEVEL

19.63
19.83
19.95
19.44
19.56
[9.51
19.35
19.47
19.29
19.50
18.42
18.87
18.44
18.81
17.28

LOCAL NUMBER (D-29-4) 2DDD-1. NO STATE CLA 1M. TOkREY COMMUNITY. FORMERLY PUBLI C SUPPLY. DR I LLED
WELL IN THE MOENKOPI FORMATION. lHAM 8 IN (20 CM),DEPTH 500 FT (152 M). MP TOP OF CASINC AT LSD.
WATER LEVELS BELOW LSD. WHEN ADJACENT SURFACE RESERVOIR WAS COMPLETED IN 1937, WATER LEVEL ROSE
(NOTE Z); WATER LEVEL IN TERRACE GRAVEL OUTSTllE OF CASING WAS 0.3 1''1' (0.09 M) ON DEC. 8. 1977.
LSD 0930 FT ABOVE MSL.
HIGHEST WATER LEVEL 8.20 BELOW LSD, APR. 9, 1937,
LOWEST WATER LEVEL 53.11 BELOW LSD, APR. 21, 1936.
R[~CORDS AVAILABLE: 19'}6'-37.

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

APR. 21, 1936

AUG. 5

S'l, 11

34.9
SEP. 29. 1930
NOV. 27

35.71 FEB. 8, 1937

36.36 APR. 9

80

33.72 JUNE 8, 1937

8.20 DEC. 8 12.36



Table 9.--Water levels in observation wells--Continued

LOCIIL NUMBEH (n-29-4)8BBD-l. STIITE IIPPLICATION 19179. REED MAXFIELD. DRILLED IIRTESIIIN nOMESTlC
WELL IN IILLUVIUM. nIIIM n IN (I~ CM), nEPTH 92 FT (28 M). CIISEn TO 92 FT (2S M); UNPEHFORIITEn, WITH

OPEN END. MP TOP OF CIIS INC IN PIT, S.O FT (2.4 M) BELOW LSD. WIITER LEVELS BELOW LSD.

Lsn nSSO FT IIBOVE MSI,.
III CHEST \,IITEI' LEVEL 8.72 BELOW LSD, SliP. 25, 1964,

U)\,EST WIITEI' LEVEL 20. ')] BELOW LSD, Mill'. 16, 1953.

1,1':COI'DS IIVIIILIIBLE: 19 /1S-56, 1955-64, 1968-77.
----------------------------------------------------------------------------------------------------

DIITE
WIITEI'
LEVEL DIITE

WIITEk
U:VEL DATE

WIITEI'
LEVEL DATE

WIITEI,

LEVEl.

------------------------------------_._--------------------------------------------------------------
11EC.
IlI':C.
Mill'.
[JI';C.

~1111\ •
nl':c.
IIPI'.
nEC.

MIIH.
IlEC.

Mill'.
DEC.
DEC.
Mill'.
nEC.

11, 1945
10. 1949
2Y, 1950

9
26. 19~1

10
n, 1952

7
In. 1953

IS
25, 1954

1
~, 19~5

20, 195n

5

17.57
17.4S
I7.82
1~. 07
IS.S7
1 ~. 47
19.nS
In.97
20.31
I~.SO

IS.n2
In.nS
II.. nO

IS.Sl
1~.49

MAIL
MIIY
JULY
NOV.
J liN.
MIIH.
MIIY
JULY

SEP.
NOV.
JIIN.
MIIR.
MIIY
,JULY

SI\P.

II, 1958
9
8
7
5, 19',9

J
1
I
2
J
6, 1960

24
I I
12
In

19.3S
17.92
10.80
I J. 12
1~.83

17.97
16.43

11.08

12.23
12.67
In.50
19.46
In.27
lo.n
10.97

NOV. 2,
JAN. n,
MIIR. 20
MIIY 25
JULY 7
SEP. 12
IIPR. 4,

SEP. 26

IIPR. 10,
SEP. 27
SEP. 25,
MIIR. 14,
SEP. IS
IIPI'. n,
OCT. 8

1960
1961

19h2

1963

1964
1968

1969

13.08
1~.93

18.41
11.32
11.32
13.30
18.90

11.34
13.70

14.89
8.72

19.51
9.98

18.00
11.90

MAR.
SEP.
MIIR.
OCT.
MIIR.
OCT.

MIIR.
OCT.

MIIH.
SEP.
MIIH.

OCT.
MAl'.
OCT.
MAR.

5,
3

15,
19
2,

10

7,
3

21,

30
17,

7
23,

7
8,

1970

1971

1972

1973

1974

1975

1976

1977

18.83
II. S3
18. I ~

12.70
18.30
12.70

18. n
J4.58
18.40

15.44
16.56

15.47
17. 1n
16.88
17.07

ABOVE LSD, SEP. 15, 1977,
ABOVE LSI), SEP. 14, 1977.

42.60
40.60

1978-77 .

LOCIIL NUMBER (D-29-7)15DBD-I. NO STIITE CLIIIM USGS TEST HOLE 4(1977). US NIITL PIIRK SERVICE.
DI'II,LED IIRn:SJIIN TEST HOLE IN NIIVAJO SS. DEPTH 460 FT (140 M), CONTIIINS 6 lN (15 CM) SURFIICE CASING

TO 37 ~T (11 M) liND 1.5 in (J.8 CM) PIPE 1'11238 FT WITH LYNES PACKER SET AT 238 TO 246 FT (72.5 TO

75.0 M) WITH OPEN HOLE BELOW. MI' IS TOP OF CONCRETE BOX, 0.5 FT (O.15 M) IIBOVE LSD. WIITER LEVELS

IIBOVE LSD.
I~SI) 50/1~ FT IIBOVE MSL.
HIGHEST WIITER LEVEL

LOWEST Wlln:R LEVEL
RECOl'11S AVA I LIIBLE:

DATE
WIITEI<
LEVEL DIITE

WATER
LEVEL DATE

WATER
LEVEL DATE

WATEI'
LEVEL

SEP. 14, 1977 + 40.hOB
SEP 15 + 42.60B

OCT. 13, 1'177 + 42.50
OCT. 23 + 41.90

NOV 5, 1977 + 41.4 DEC. 28, 1977 + 42.3

LOCAL NUMBER (IJ-29-12)19BCIJ-1. UERA WELL 99. US BUR LAND MANACEMENT. DRILLED IIRTESIIIN STOCK

WELL IN THE ENTR/IDII SS liND CARMEL FMN. 01 AM 5 IN (13 CM), DEPTH 605 FT (184 M). MP TOP OF CASING, 4. ')
~T BELOW LSD. CASlt';C FOUND FILLED IN JULY 1952. WATER LEVEL BELOW LSD.

LSD 4930 FT ABOVE MSL.
HICHEST WIITER LEVEL~8. 7S BELOW LSD, OCT. 16, 1951,
DRY, WATER LEVEL NOT MEASUI'EABLE, JULY 9, 1952.
HECORDS IIVIIILABLE: 191~, 1946, IY48-49, 19~1-52.

DIITE
WIITER
LEVEL illiTE

WIITER
LEVEL DATE

WIITEI'
LEVEL DATE

WIITI:I{

LEVEL

DEC. ,191~

M/lY 10, 1946

65.

60.30
DEC. 17, 194n

DEC. II, 1948
nO. 56
59.8

OCT. 31, 1949
OCT. 16, 1951

60.3

58.78

JULY 9, 1952 F

81



Table lO.--Selected logs of wells and test holes
[See also the logs in Hood and Danielson, 1979, table 9]

See data-site numbering systems in text.
Altitude of land surface at well in feet above mean sea level.
Thickness of unit, in feet.
Depth to base of unit, in feet below land surface.

Material

(D-23-10)12ddd-l. Log reported by C. A. McKinnon of the
U.S. Grazing Service. Alt. 6,850.

Alluvium
Soil, red .

Moenkopi Formation
Limestone and red shale; small amount of water •..•..••.•
Shale, gray, limy .
Shale, brown, 1 imy .
Shale, gray, limy .
Shale, brown .
Sand, fine, gray; water ................•.•.....•.•..•••.
Shale, gray .

(D-25-5)14dda-l. Log by Scott Stephenson. Alt. 5,945.

Alluvium (older) .
Entrada Sandstone

shale, red .
Carmel(?) Formation

Shale, white .
Shale, red .
Shale, very hard .
Shale, variegated .

Well cased to 134 ft.

(D-25-12)34cdb-l. Log by Delhi Oil Corp. Alt. 5,150.

Sand, dune .
Entrada Sandstone

Shale, sandy .
Shale, sandy, red ................•...•....••...•.......
Sand .
Sand, soft .

(D-25-15)23bdb-l. Log by O. R. Anderson. Alt. 4,795.

Soil, sandy .
Entrada Sandstone

Sands tone, red ......•...•.....•.........•.•....•.......
Sandstone, white .

82

Thickness

40

25
25
10
75
20
19

3

65

60

3
9
3

135

6

19
162

40
63

4

66
20

Depth

40

65
90

100
175
195
214
217

65

125

128
137
140
275

6

25
187
227
290

4

70
90



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-25-l5)23bdb-l.--Continued

Carmel(?) Formation

Thickness Depth

Shale, red, sandy .
Sandstone .
Shale, sandy, red .
Shale, blue ..
Shale, hard, blue ..
Shale, hard, red ..

Navajo Sandstone
Sandstone, soft; water at 295 ft .

(D-26-4)15bdd-l. Condensed from partial sample log by
Mountain Fuel Supply Co. Alt. 8,181.

15 105
45 150
14 164

6 170
12 182
11 193

157 350

570 570

150 720

100 820
50 870

150 1,020
30 1,050
30 1,080

180 1,260

360 1,620

90 1,710

240 1,950
10 1,960

110 2,070

290 2,360

580 2,940

10 2,950

No record ..
Sandstone, white, very fine to medium-grained, sub

angular to subrounded; unconsolidated in upper part ••.
Sandstone, white to red, very fine grained, subrounded;

trace of red shale 750-820 ft .
Shale, soft, red; some gypsum; sandstone as above •••.•..
Sandstone, as above, with trace of soft red shale •...•..
Shale, soft to firm, red .....•....•...•....••.•••.•.....
Sandstone, as above; trace of shale ....••....•.•.•..•...
Shale, red, with some gypsum, sandstone and red

siltstone .
Silstone, red, firm to unconsolidated, red shale and

green to gray limestone .
Siltstone, red, white, shale, gypsum, and green

siltstone .
Siltstone, firm to friable, green calcareous; some

silty green calcareous shale, sandstone, and white
gypsum...•....•.••....•..•.•••.•.••.•••••.••..•.••.•••

No record .
Shale, silty, green, calcareous, siltstone, trace of

white sandstone, and trace of white gypsum; trace of
hard buff limestone at 2,050-2,070 ft ....•............

Shale and siltstone, green, as above; every other
sample miss ing .

Siltstone and shale, green, traces of gypsum and red
chert; traces of brown sandstone at 2,725-2,750 ft,
soft red shale and brown siltstone at 2,820-2,940 ft .•

Shale and siltstone, green; traces of sandstone and
red chert ....•......................•....•.......•....

Shale and siltstone, green; light-gray and light-green
fine-grained sandstone; traces of brown limestone,
red chert, and reddish-brown siltstone; abundance
In gypsum .

Limestone, hard, brown, microcrystalline; medium hard
brown shale; green siltstone and shale as above .

83

190

120

3,140

3,260



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-26-4)15bdd-l.--Continued

Shale, soft, gray, calcareous and light-green, soft,
calcareous, partly micaceous; traces of brown shale,
white limestone, and white sandstone•.•..•.•....•••.

Limestone, hard, light-brown and very hard white to
light-tan, dolomitic .

Shale and siltstone, soft, light-green to light-gray,
calcareous; some sandstone, limestone and an
abundance of chert .

Limestone, very hard, tan to brown; very hard calcar
eous partly conglomeritic sandstone; some dolomite,
siltstone, chert, and dark-brown shale near bottom;
part of limestone is oolitic •...•.•.•••••.•.•••••.••••

Shale, soft, gray to green; some siltstone, limestone,
and white sands tone .

Company reported top of Navajo Sandstone at 3,455 ft.
Well was drilled to 3,573 ft with air; large amount
of water was encountered at 3,467 ft.

Sandstone, light-brown to clear, very fine grained,
fairly well sorted, very porous; water; some gray
to green siltstone and shale ••.•.••••••••••••••...••••

Shale, gray to green; sandstone and siltstone as noted
above; traces of other rock types noted above .•••.••.•

Sandstone, light-brown, very fine grained, poorly
cemented .

Shale and siltstone, soft, light-green calcareous;
some light-tan sandstone .

Thickness

50

50

30

67

13

10

30

63

47

Depth

3,310

3,360

3,390

3,457

3,470

3,480

3,510

3,573

3,620

Sample description continues to 6,485 ft. It should be noted that much
of the green shale and siltstone sampled in the Navajo section probably are
cavings from the overlying section of Carmel Formation, particularly after
drilling.

Fluid was changed from air to mud; similar sample contamination due to
shale hydration was noted at test hole (D-27-7)7bcc-l and in test wells
drilled by the Intermountain Power Project. (See Hood and Danielson, 1979,
tables 9 and 10.)

(D-26-7)17cba-l. Log by Ramsey Petroleum Co.
Alt. 6,122.

Carmel Formation
Limestone, broken .
Limes tone, hard .
Rock, red .. " .
Limes tone, hard .
GypSUIll •••••••••••.••••••...••••••.•.•••••.•.••••••••••.•
Limes tone, hard .
Shale, blue .

84

10
45
10
18

7
7

10

10
55
65
83
90
97

107



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-26-7)17cba-l.--Continued

Carmel Formation--Continued

Thickness Depth

Sand, sof t .
Limestone, hard, sandy .•....•..............•..••.•..••.•
Shale, red .
Limes tone, hard, red ..........••.•.....•••.•.•..•....••.
Sand, red .
Sandstone and shale, interbedded •........••...•..•...•..
Sands tone, hard, red ..................••........•..•....

Navajo Sandstone
Sand, soft .................................•...........•
Sand, harder .............................••.•..........•
Sandstone; water; at 963 ft, bailed 7 gal/min of

fresh soft water; water level 900 ft below land
surface .

Kayenta Formation
Shale, blue .
Sands tone, hard .
Sands tone, hard, red .
Shale, red .
Sandstone, hard, red, limy ................•.•...•.......

Wingate Sandstone
Sands tone, hard, white .
Sands tone, hard, red .
Sandstone, soft, light .
Limestone(?), hard, sandy ••...••.....•.••..•....••••.•••
Limestone(?), sandy .
Sands tone, red .

Chinle(?) Formation
Limes tone, hard, white ...•.......•.•......•••..••.•...•.
Limes tone, hard, black .
Limestone, white .
Shale, red and blue .
Sandstone; hole filled with 1,000 ft of water .
No record .
Limestone, sandy .
Shale, green .
Limestone, red .
Shale, red .
Shale, red; hard thin interbeds •.....•.•••••...•••.••.••
Record illegible•......................•.......•.•...•..

Moenkopi(?) Formation
Shale, red .
Shale, red; hard thin interbeds ..
Shale, red .
Shale, blue .
Limestone, sandy .

85

7 114
26 140

5 145
15 160
15 175
25 200
15 215

135 350
42 392

803 1,195

10 1,205
65 1,270

5 1,275
5 1,280

35 1,315

10 1,325
33 1,358
36 1,394
59 1,453
49 1,502

187 1,689

11 1,700
16 1,716

9 1,725
15 1,740

5 1,745
11 1,756

4 1,760
10 1,770
15 1,785
15 1,800
35 1,835
65 1,900

35 1,935
45 1,980
20 2,000
65 2,065

7 2,072



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-26-7)17cba-l.--Continued

Moenkopi(?) Formation--Continued

Thickness Depth

Shale, red .
Limes tone, red .
Shale, red .
Limestone, sandy, red, thin-bedded ........•.•.•..•......
Limestone with some shale •..••..•..•.•••....•...•.••..•.
Limestone with thin interbeds ••.••.•.....•••••.•.••.••..
Sandstone; natural gas ..................•....•..•.....•.
Limestone with thin interbeds .................•.....•...
Limestone, sandy, with thin interbeds ..•.....•.......•..
Shale, sandy .
Limestone, sandy; natural gas •••...•.••••.••.•.••••..•••
Shale, brown .
Limes tone, red .
Limestone, hard .
Limestone, gray; natural gas ••.•.•.•••.•..•••.•.•••••...
Limestone, red and gray, interbedded•.•.•...•....•..•.•.
Limestone and sandstone; natural gas •.........•.••••...•
Limestone, red and gray •......•...•.....•.......•.•.•.•.
Shale, sandy, 1 ight .

Kaibab Limestone
Limestone, hard, gray .
Limes tone, sandy, gray .
Sandstone, sharp; odor of oil ••.••.•...••..•••.•.•.•.•••
Limes tone, sandy, gray .
Limestone, hard, gray .
Limestone, sandy .
Limestone .

Coconino Sandstone
Sands tone, hard .
Sandstone, soft; tarlike oil ••.•.••.••.•.•.••.•.•••..•••
Sandstone, medium to hard .......•...........•....•......
Sandstone, soft, white; caved •••.•.•.••••••.•••••.•••.••

(D-26-8)6aab-l. Log by C. A. Stephenson.
Alto 5,960.

13 2,085
8 2,093

30 /.,123
37 2,160
85 2,245

285 2,530
4 2,534

66 2,600
20 2,620
70 2,690
5 2,695
2 2,697
8 2,705

19 2,724
91 2,815
35 2,850
13 2,863
22 2,885
35 2,920

3 2,923
17 2,940

8 2,948
10 2,958
12 2,970
20 2,990
12 3,002

73 3,075
2 3,077

43 3,120
48 3,168

Carmel Formation
Limes tone, gray .

Navajo Sandstone
Sandstone, tan ···········
Well bottomed on very hard limestone at 767 ft.

86

220

547

220

767



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-27-4)23bbc-l. Log by Shumway Uranium Mining Corp.
Alt. 10,050.

Colluvium (?)
Conglomerate, volcanic ..........•..••..••....•..••....

Thickness

170

Depth

170

Entrada Sandstone
Shale, limy, red ..........................•.............
Silt, red .
Conglomerate ...................•.............••.......•.

Carmel(?) Formation
Siltstone, green to gray, silty to shaly •.........••....
Shale, black to gray ....................••.•...•.•..•..•
Shale, black to gray, silty, white and orange chert,

and anhydrite .
Anhydrite interbedded with black to gray shale .•....•...
Siltstone, gray to green, with some carbonate ...•....•.•
Limestone, silty, brown ..............•.....••..•..••....
Siltstone, gray to green, and silty gray chloritic

shale .
Sandstone, light-gray, very calcareous •.........•.•.•••.
Shale, black to gray, silty •..••......•.•.••.••••....•..
Limestone, tan to light-brown ••..•.•••••••••..••••••••.•

Navajo Sandstone
Sandstone, well-rounded .

(D-27-7)7bcc-2. USGS test hole lAo Composite field
log by J. W. Hood. Alt. 5,520.

Soil .
Carmel Formation

Clay, red .
Shale, greenish-gray, silty •...•......•.•.•••••..••••••
Shale, white, and gypsum with streak of red shale at

32 ft ••..•....•...•.••....•..•.•.•••••••.••..••••••••
Sand, reddish-tan and clay .••..•..•...•••••••••••••••••
Shale, red .
Shale, gray, and gypsum(?) .•.•.•..•.•.•••••••••••••••••
Shale, red-brown; thin interbedded types ..•......•.•.•.
Shale, gray to white and gypsum(?) ..••.••.•••.•••••••.•
Shale, red to tan and dark gray; rough drill action •..•
Limestone, yellow, crystalline; limonite •.•••••••.•••••
Shale, gray, limy; drill action very rough at 76 ft;

water at 110 ft .
Silt, tan, with gray shale near bottom•.••••...•.••.•••
Shale, gray; occasional hard layer; greenish shale

and gypsum at about 220 ft ••.........••..••..•.••••••
Shale, dark-gray, limy, and crystalline gypsum••••...••
Gypsum, crystalline, with gray shaly limestone at

bottom .

87

80 250
60 310
30 340

60 400
50 450

190 640
60 700
90 790

no 900

85 985
65 1,050
50 1,100
10 1,110

807 1,917

5 5

12 17
14 31

8 39
2 41
2 43
1 44

12 56
6 62

10 72
1 73

57 130
20 150

no 260
45 305

30 335



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-27-7)7bcc-2.--Continued

Thickness Depth

Carmel Formation--Continued
Limestone, gray, shaly; water has been increasing

in volume in small increments •...•.•.•.•••••.•.••.••.•
Shale, gray, and red shale near 380 ft; shaly

limestone ~ .
Water at 395 ft; specific conductance 22,000

micromhos.
Gypsum, crystalline, and gray shale •............•.•.....
Limestone, gray, shale and gypsum............•.•.•.••...
Limestone, dark-gray; rough drill action at 530 ft;

cuttings fine 530-560 ft; at depth of 605 ft water
level 116 ft below land surface •.......•..............

Shale, dark, and gray shaly limestone •.....•....•...••••
Limestone, gray, shaly, with crystalline gypsum and

bright green shale; some brown sand at 680 ft •••••...•
Specific conductance of water at 680 ft 7,000

micromhos.
Limestone, gray, and red sandstone•••••...••.••.•••.•...

Navajo Sandstone
Sands tone, brown .
Sandstone, white, with fragments of red shale ..•.•.•..•.
Sandstone, hard, and red shale•.•.....•...•.•.••...•.••.
Shale, red .
Sandstone and red shale ..•.....................•....•...
Sands tone .
Sandstone, brown, with gray and red shale; some

fragments of limestone .
Sandstone, yellow; some coarse brown sand and shale

fragments .
Sands tone .

15 350

60 410

40 450
30 480

95 575
60 635

45 680

15 695

15 710
75 785
15 800
15 815
15 830
30 860

15 875

30 905
45 950

Test hole drilled with air. Water level in open hole after completion was
115 ft below land surface. Gamma-ray log was run to 853 ft inside drill stem,
because logging sonde would not pass tight zones at 399 and 700 ft. Resistiv
ity log run to 901 ft where sonde would not pass. Set Lynes Packer at 735 ft
and pumped by air lift at about 6 gal/min for 205 minutes. Water level inside
drill stem, measured by electric tape, was steady at 395 ft below land surface,
1 hour after pumping stopped. Cement plug pumped down through drill stem to top
of Navajo at 711 ft. Detailed sample descriptions by Stacie Kruer available
in files of u.S. Geological Survey.

(D-27-11) 34ddb-l. Hanksville Airport well 2.
Log by H. R. Phillips. Alt. 4,425.

Terrace deposits
Sand and gravel .

Entrada Sandstone
Shale, red .
Shale, sandy, gray .
Shale, red .

88

34

92
10
37

34

126
136
173



Table 10.--Se1ected logs of wells and test ho1es--Continued

Material

(D-27-ll) 34ddb-l.--Continued

Thickness Depth

Entrada Sandstone--Continued
Sand; water unfit for domestic use ...•........•......•..
Shale, red .
Shale, sandy, red .
Shale, red .
Shale, sandy, red ..........................•.........••.
Sand, hard .
Shale, sandy, red ......................•..••............
Shale, sandy, gray .....................................•
Shale, hard, red ..............•.........................
Shale, red .

Carmel(?) Formation
Shale, sandy, gray ..........•....................•......
Shale, blue, and gypsum.............................•.•.
Limestone, white .

Note: Well cased to this point; subsequent investi
gation showed hole offset by 496 ft.

Shale, red .
Shale, hard, red .
Shale, hard, gray ....................•..•...........•..•
Shale, hard, red .
Shale, red .
Sand; water flowed 3.3 gal/min ....................•..••.

Record of deepening follows

(D-27-ll) 34ddb-lD. USGS test hole 2. Deepening of well
2 at Hanksville Airport. Composite sample log by Stacie
Kruer and field log by J. W. Hood. Alt. 4,425.

5 178
14 192
16 208
28 236
26 262
12 274

8 282
28 310
34 344
18 362

54 416
53 469
27 496

16 512
7 519

21 540
18 558
34 592
10 602

Carmel Formation
Shale, red-brown, silty, muscovite, calcareous;

abundant bits of magnetic material that appear
igneous in origin; magnetite, zeolites, calcite
coating; sandstone, grayish-white, medium-to fine
grained, subangular to rounded; carbonate cement,
friable .

Navajo Sandstone
Sandstone, grayish-tan, medium- to fine-grained,

subrounded to rounded, carbonate cement, fairly
friable; shale, red-brown, silty, muscovite, gypsum,
laminated, calcareous; some bits of the igneous
material, magnetite, zeolites, calcite coating ••...•..

Sandstone, grayish-white, medium- to very fine
grained, subrounded to rounded, carbonate cement,
friable; shale, red-brown, silty, muscovite, gypsum,
laminated, calcareous; bits of igneous material,
magnetite, zeolites, calcite coating ...............•..

89

8

10

10

610

620

630



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-27-ll) 34ddb-lD.--Continued

Navajo Sandstone--Continued
Sandstone, grayish-white, medium to fine-grained,

subangular to rounded, carbonate cement, friable;
shale, red-brown, silty, muscovite, calcareous; some
small bits of the igneous appear; material contains
zeoli tes .

Sandstone, grayish-white, medium- to fine-grained,
angular to subrounded; gypsum, carbonate cement;
few bits of shale, red-brown, sandy, calcareous ••••.•.

Sandstone, grayish-white, medium- to fine-grained,
angular to subrounded, gypsum, magnetite, carbonate
cement; shale, red-brown, silty, muscovite, gypsum,
calcareous; some of the igneous-appearing material
containing zeolites, magnetite, and calcite ....•.••...

Sandstone, grayish-white, medium- to very fine
grained, subangular to rounded, carbonate cement,
friable; shale, red-brown, as above; igneous material,
as above; possible contamination from above ••••••.••••

Sandstone, white, fine-grained, subangular to sub
rounded; some magnetite; carbonate cement •.••••••.•.•.

Sandstone, white, fine-grained, angular to sub-
rounded, friable .

Sandstone, grayish-white, fine-grained, subangular to
rounded, friable, carbonate cement(?); shale, red-
brown, muscovite, calcareous •.••.•••....••...•••.....•

Sandstone, white, fine-grained, subangular to rounded,
magnetite, friable .

Sandstone, white, fine-grained, subangular to rounded,
magnetite, friable; some shale, red-brown, silty,
muscovite, calcareous •..•.••.••.••...•.••••••...••.•••

Sandstone, white, medium- to fine-grained, sub-
angular to rounded, magnetite, carbonate cement ••.•..•

Sandstone, grayish-white, fine-grained, subangular
to rounded, carbonate cement, friable; some shale,
red-brown, silty, muscovite, calcareous •...•.•••••••..

Sandstone, tan to brown (while wet), and some small
fragments of green sandstone and red shale ••••.•..••••

Thickness

10

10

10

10

10

10

10

10

10

10

10

10

Depth

640

650

660

670

680

690

700

710

720

730

740

750

Deepened with air-rotary drilling. Found casing collapsed and broken at
349 to 351 ft. This zone had a water level of about 10 ft below land surface
and produced about 10 gal/min by airlift. Well was filled below 351 ft. Gamma
ray log indicates basal sandstone in Carmel Formation at 591-599 ft, and basal
red shale marker at 599-606 ft. Red shales noted in samples below 610 ft are
thin interbeds in upper Navajo Sandstone and are generally 2 to 6 ft thick. Geo
physical logs were obtained by setting open-ended drill stem past offset in hole
to 520 ft. Final yield was approximately 200 gal/min, by airlift; natural flow
after drilling stopped was approximately 50 gal/min. Set Lynes packer at 660.5
605 ft. Flowed 34 gal/min through I-in. hose. Final shut-in pressure was 78.3
ft above land surface; recovery curve extrapolated to non-pumping level of 83 ft
above land surface. Well plugged with 95 sacks of cement.

90



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-27-l3)8dbc-l. Log by O. R. Anderson.
Alt. 5,285.

Thickness Depth

Soil, sandy (dune sand in area) •..........................
Entrada Sandstone

Sands tone, red ...............•.•......•.................
Shale, red .........................•..................•.
Sands tone, red ...............•.•........................

Carmel Formation
Sandstone, white, and red shale ..•......•.....•.........
Limes tone .
Gypsum and shale, interbedded .........•........••...•...
Shale, interbedded, red and blue .•..................•...
Sandstone, hard, red ...................................•
Shale, red .

Navajo Sandstone
Sandstone, interbedded, red and white .....•......•.....•

20 20

10 30
55 85

165 250

12 262
7 269

101 370
45 415

5 420
5 425

370 795

Water level is in the Navajo Sandstone. Sandstone tends to cave, as shown by
the need to clean out the uncased water-producing zone. Well abandoned be
cause tools and pipe were lost in the open hole.

(D-27-l4)5acc-lS. Log by Texas Production Co.
Alt. 5,684.

Summerville and Curtis Formations and Entrada Sandstone
Rock, red .
Sand, red .
Sands tone, red .
Sand, red .
Rock, red, and white sand .................•.•.•.....•.•.
Sand, red .
Rock, red .
Sand, white .
Rock, red, and white sand ....•.............•...........•
Rock, red .

Carmel Formation
Shale, red and white, soft; five bailers of water

per hour at 610 ft .
Shale, red .
Rock, red .
Conglomerate .
Sand, soft, white .•.•..••••.....•........•...•..•.......
Conglomerate .....•......................................
Rock, hard, red ........................••.......••....••

Navajo Sandstone
Sand, sof t, white .
Sand, soft, red ................•.......••••..•..••......
Sand, white .......................................•.....
Sand, red; water .

91

240 240
90 330
40 370
10 380
20 400
40 440
20 460
45 505
35 540
70 610

5 615
15 630
10 640
20 660

5 665
35 700
70 770

310 1,080
40 1,120
80 1,200
85 1,285



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-27-l4)5acc-lS.--Continued

Kayenta Formation

Thickness Depth

Shale, red .
Thin hard bed .
Sand, red; 300 ft of water in hole •...•....••.••.••....•
Shale, red .
Sandstone, hard, red .
Rock, red, red sand, and red shale •......•..••...•...••.

Wingate Sandstone
Sand and red rock •••.•..•......•..•.....•...•...........
Sand, white .
Shale, red .
Sand, gray .
Sand, red .
Sand, brown; 600 ft of water in hole at 1,700 ft ••••.•••

Chinle Formation
Shale, red; 900 ft of water in hole at 1,845-1,855 ft ...
Limestone .
Rock, red .
Sand, hard, white .
Conglomerate .
Sand, hard, white .
Shale, red .
Conglomerate, variegated .
Shale, red .
Conglomerate, variegated .

Shinarump Member of Chinle Formation
Sand, gray; show of oil .
Sand, gray; heavy residual oil ••.•••..•.••••••••••••••••

Moenkopi Formation
Shale, red .
Conglomerate, variegated .
Shale, green .
Shale, gray .
Shale, grayish-green .
Limestone, hard, blue .
Shale, grayish-green•.....•.................•...••......
Limestone and sand, brown ..•••.••..•..•....•........•...
Limes tone, sandy, gray ...•...•........•.................
Limestone, brown and white ••..•.•.•..•.•.•..••.....•.•..
Limestone, sandy, gray .
Limestone, sandy, brown .
Limestone, gray .
Limestone, hard, sandy, gray ••.••...•.••••.•..•.••••••..

White Rim Sandstone Member of Cutler Formation
Sand, brown; water at 2,740 ft, rose to 1,575 ft ••••.•••
Sandstone, white; more water at 2,780 ft and at

2,830 ft .

Note: Baker (1946, p. 115-116) interprets parts of this log
interpretation given above is based on water-level relations
wells in this area and on local structure.

92

10 1,295
5 1,300

15 1,315
5 1,320

80 1,400
25 1,425

5J 1,475
80 1,555

5 1,560
60 1,620
20 1,640

190 1,830

70 1,900
20 1,920
80 2,000
10 2,010
20 2,030
10 2,040
10 2,050
35 2,085
35 2,120
48 2,168

2 2,170
25 2,195

5 2,200
15 2,215
20 2,235
95 2,330
35 2,365
25 2,390
35 2,425
30 2,455
35 2,490
25 2,515
70 2,585
20 2,605
70 2,675
55 2,730

20 2,750

125 2,875

differently. The
and logs in other



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-27-l5)2laad-l. Log by Conway Bros.
Alt. 5,381.

Thickness Depth

Alluvium
Sand and broWIl shale .
Gravel ....••..................................•........•

Entrada Sandstone
Sand, light-brown .............•...........•.........•.••

Carmel Formation
Shale and sand ..............•.........•....•..•.........
Sand, red, limy .........................•...............

Navajo Sandstone
Sand, brown; lost drilling water ..
Sand; water at 592 ft ...........•........•........•.....
Sand, white .......•..............................•......
Sand .

Kayenta Formation
Shale, sandy .

(D-28-8) 32acb-l. Log by Ohio Oil Co.
Alt. 4,990.

Terrace deposits
Sand, red, and gravel .......•...•...•..•................

Entrada Sandstone
Shale, red .

Carmel Formation
Shale, green .
Shale, hard, sandy .
Shale, blue .
Limes tone, white, thin-bedded ..••.•.•.•..••....•••.•••••
Gyp sum••••••••••••.•••••••••••••••••••••••••••••••••••••
Limestone, bluish-green .••....•••..••.••••••..••.••••.•.
Shale, hard, sandy, red •...•.••••....•....••....••••••••
Limestone, thin, blue .
Sand; water at 590 to 597 ft .
Limestone, blue and gray; water at 614-695 ft .
Shale, gray .

Water found in the zone 705-2,300 ft.

15 15
12 27

8 35

50 85
58 143

100 243
352 595
10 605
63 668

14 682

32 32

288 320

65 385
3 388

107 495
10 505

5 510
40 550
25 575
20 595

5 600
no 710

5 715

Navajo Sandstone
Sand, white .
Sand, yellow...............•...................•.......
Sand, white .
Sand, yellow .
Sand, white .
Sand, red - .
Sand, white .

93

195
225
45

150
55
25

no

910
1,135
1,180
1,330
1,385
1,410
1,520



Table lO.--Selected logs of wells and test ho1es--Continued

Material

(D-28-8) 32acb-l.--Continued

Thickness Depth

gray ..•••••
white, sharp.

Kayenta Formation
Sand, hard, red ..
Shale, hard, red.

Wingate Sandstone
Sand, red ...•.•..
Sand, hard, red •.

Chinle Formation
Shale, sandy, red.
Shale, hard, red ..
Shale, red ...••.•
Hard layer, thin, gray.
Shale, gray .
Shale, red ...•.•.
Shale, dark-brown •.
Shale, red .••.•.•.•
Sand; salt water at 2,636-2,754 ft.
Sand, hard, red •..........•.
Shale and conglomerate(?) •.

Moenkopi Formation
Shale, sandy, dark-red.
Sand, red ••.•••..•.
Shale, sandy, red ••
Limestone, gray ••
Hard layer, thin, red ••.

Kaibab Limestone
Limestone, gray .•
Shale, red ••.•.•••

Coconino Sandstone
Sand,
Sand,
Sand, gray •.•••
Shale, white •.
Sand, gray ••••
Sand, white •.
Sand, gray •.•
Sand, yellow.

Drilled with steam-powered cable-tool (percussion) rig.

205 1,725
25 1,750

581 ~,331

37 2,368

30 2,398
5 2,403

37 2,440
10 2,450
10 2,460

100 2,560
20 2,580

150 2,730
15 2,745
11 2,756

6 2,762

373 3,135
10 3,145

175 3,320
11 3,331
14 3,345

48 3,393
74 3,467

5 3,472
51 3,523

3 3,526
4 3,530
7 3,537

13 3,550
8 3,558

92 3,650

(D-28-8)35dbb-l.
Alt. 4,580.

Log by Mac Exploration Co.

Holocene alluvium
Silt and sand, red.
Sand, blue.
Clay, blue.
Sand, red •.

94

8
6
2
4

8
14
16
20



Table 10.-~Se1ected logs of wells and test ho1es--Continued

Material

(D-28-8) 35dbb-l.--Continued

Pleistocene alluvium
Gravel, fine to medium .
Gravel, coarse .
Gravel and cobbles ............•....••..•...••.•.•••..•..
Clay, gray .
Gravel, medium.•..•....•..•...........•••...............

Mancos Shale
Shale, barren ..........•....•.................•.........

(D-28-9)30dad-l. Log by Mac Exploration Co.
Alt. 4,560.

Holocene alluvium
Clay and sand ..•...•.......•.•.....••........•....••...•
Clay .
Clay and silt .
Sand .
Clay .

Pleistocene alluvium
Sand and gravel .
Gravel and cobbles ••...•..•...•....•.....•..•.••••...•••

Mancos Shale
Shale, gray .

(D-28-l0)16ccb-l. Log by L. P. Cromer.
Alt. 4,420.

Alluvium and slope wash

Thickness

7
7

20
3

11

23

4
4
8
6
8

6
22

14

Depth

27
34
54
57
68

91

4
8

16
22
30

36
58

72

Clay, blue-gray .
Clay and gravel .

Tununk Member of Mancos Shale
Clay, gray ....•..•..........•........•...•.....•.•....•
Clay and sharp sandstone •..••.•.•..••••.•.•...•.•••..••
Clay, blue .

Dakota(?) Sandstone
Sands tone .
Shale, blue, interbedded with sandstone •..•....•......•

Cedar Mountain(?) Formation
Clay, gray .•...............•.........•.•.•..••..•..•...
Limestone .
Clay, gray .
Sands tone .
Clay, gray .
Limestone and sandstone •...•••.....•••••...•.•..•...•..
Sands tone .

95

20 20
3 23

32 55
10 65
20 85

20 105
80 185

35 220
2 222

13 235
30 265
41 306

3 309
16 325



Table IO.--Selected logs of wells and test holes--Continued

Material

(D-28-l0) 22abc-l. Log by H. R. Phillips.
Alt. 4,370.

Alluvium
Soil .
Sand, very fine .
Sand and gravel .

(D-28-ll)2ccc-l. Log by H. R. Phillips.
Alt. 4,260.

Thickness

13
12
50

Depth

13
25
75

Surface .
Entrada Sandstone

Shale, sandy, red .
Shale, red .....•..•..•................................•.
Sand; small amount of flowing water ..•••...•.••••••..•..
Shale, sandy, light-red; at 63 ft water could be

bailed down to 40 f t; water good ••••••..••.•••.•••••••
Shale, red .
Shale, light-red .
Sand; water good; at 130 ft bailed 20 gal/min with

pumping level of 15 ft ••.••••.•.••.••••.•••••••.•.••.•
Shale, red .
Sand, hard; water not good .
Shale, red .
No record .
Shale, red, with gypsum; water worse •••••••.••••••••••••

(D-28-ll)15bdc-l. Loman Exploration Co.
Alt. 4,340.

10 10

17 27
5 32
8 40

54 94
8 102
4 106

16 122
13 135

3 138
2 140

20 160
20 180

Fill .
Entrada Sandstone

Shale, red .
Sand, red .
Sand, white .
Sand and silt, red .

(D-28-ll)15cba-l. Log by W. E. Hoggard.
Alt. 4,310.

Alluvium
Clay .
Sand; unusable water at 18 ft .•...•..••.........••••.••.
Sand and gravel .

Entrada Sandstone
Sandstone, red; some water .
Sandstone, light-brown; a lot of water •••.••.•.•.•••••••

96

40

200
25
10
15

4
22
64

180
67

40

240
265
275
290

4
26
90

270
337



Table 10.--Selected logs of wells and test holes--Continued

(D-28-ll)16bdd-l.
Alt. 4,305.

Material

Log by H. E. Beeman.

Thickness Depth

Alluvium
Sand ...
Gravel.

Entrada Sandstone
Sandstone, red ..
Sand, white; water.

20
86

246
40

20
106

352
392

(D-28-ll)16cca-l.
Alt. 4,335.

Log by H. R. Phillips.

Surface deposits ..
Entrada Sandstone

Shale, red ..
Sand; water.
Shale, red ...
Shale, sandy, light-red ..
Sand, hard.
Shale, red.
Sand, hard.
Shale, red.
Sand; water •.
Shale, red .•

4 4

46 50
2 52

117 169
177 346

4 350
18 368

6 374
27 401
27 428

2 430

(D-28-ll)16dad-l.
Alt. 4,305.

Log by J. L. Zimmerman.

salty water.
water. . .

Alluvium
Soil.
Sand, brown ••
Clay, brown ••.
Sand and gravel; alkaline
Sand, red; alkaline salty
Clay, brown ..
Sand, brown ...
Sand and cobbles; salty water.

Entrad~ Sandstone
Sand, red ..
Sandstone.
Clay ••.....
Sandstone.
Clay and sandstone • ..•••.
Sandstone; water.
No record ..•.•...

97

2 2
9 11

20 31
37 68
11 79

5 84
7 91
5 96

8 104
56 160

3 163
97 260
31 291
57 348

2 350



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-28-ll)16ddb-l. Log by A. J. Denny.
Alto 4,315.

Thickness Depth

Alluvium
Sand, soft, light .
Sand, light, and muddy blue shale .•.•......•...••..•...•
Sand, gray, coarse; bailed 3 gal/min of bad water •••.•..
Shale, soft, blue, muddy .......•...•.•....•..••.••••••••
Shale, blue and red, with gravel ••........•.......•.....
Shale, red .
Gravel, coarse; increase in water ......•..•.•..•..•....•

Entrada Sandstone
Sand and red shale •......•...........•....••••..•••.••••
Shale, sandy red .
Sand, light; 26 gal/min of good water at 130 ft,

increasing to 30 gal/min at 140 ft •.•.•..••••••••.•••.
Sand, hard, brown .
Shale, sandy, red .
Sand, red, fine .
Sand, red, sharp; bailed 50 gal/min with pumping

level of 168 ft .
Sand, hard, red, sharp .
Sand, red, sharp .
Sand, soft, light; water level 24 ft below land

surface .
Sand, soft, red .
Sand, soft, white; water level 3 ft; bailed 4.6 gal/min

of good water with drawdown of 60 ft •••..••••••••.••••
Sand, loose, white; at 316 ft bailed 4.6 gal/min;

at 320 ft bailed 30 gal/min ...•••.••.••••.••••••.••..
Sand, hard, red; bailed 27 gal/min with pumping level

of 24 ft; flowed 5 gal/min .•..••••.•••.•••••••••••••••

(D-28-ll)17adb-l. Log by H. E. Beeman.
Alto 4,320.

25 25
10 35
13 48

2 50
10 60

5 65
'3 74

4 78
32 110

55 165
10 175
13 188
27 215

3 218
12 230
10 240

10 250
42 292

12 304

24 328

4 332

Alluvium
Sand .

Entrada Sandstone
Clay, blue, and shale .......•............•..•.....•..••
Sandstone, red; water ...•........•••.......•.••....•...
Sands tone, red .
Sandstone, white; water .

(D-28-ll)2labd-l. Log by Binning Drilling Co.
Alt. 4,320.

Alluvium
Clay and silt, brown •.....•..•.........•••.••.•..•••...
Clay, brown, sand, and gravel ..........•.•...••••••••••

98

10

105
3

370
15

10
10

10

115
118
488
503

10
20



Table 10.--Selected logs of wells and test ho1es--Continued

Material

(D-28-ll)2labd-l.--Continued

Entrada Sandstone
Clay, red, and sand ..................................•..
Sandstone and clay, red, interbedded .
Sandstone and clay, tan, interbedded....•...............
Sandstone and clay, red, interbedded .........•..........
Sands tone ................................•.........•....
Clay and sandstone, interbedded .•...............•.....•.
Sands tone ................•........................••....
Sandstone, light-red ...........•.•........•.•..••..•....
Sands tone, red .........................•.•........•...•.
Sands tone, tan ,. .
Sands tone, red .........................................•

(D-28-ll)28bdd-2. Log by H. R. Phillips.
Alt. 4,380.

Thickness

10
56

6
108
105

5
10
25

5
10

3

Depth

30
86
92

200
305
310
320
345
350
360
363

Alluvium .
Entrada Sandstone

Shale, red .
Shale, sandy red .
Shale, red .
Sand; water .
Shale, sandy, red ...........•.......•....•..•.••...•.••.
Shale, red .
Sand, hard ..............................••......••...••.
Shale, red .
Sand, hard .
Shale, red .
Sand; water; sand at 406-435 ft was loose and ran

into well .
Sand, hard, fine " .
Sand; water •.••.•.•....••.••••••••••••••••••••••••••••••
Shale, red " .

(D-29-4)25dcb-l. Log by Well Supply Co.
Alt. 7,070.

19 19

41 60
10 70

135 205
10 215
60 275
56 331

4 335
50 385

6 391
15 406

49 455
20 475
29 504

8 512

Glacial outwash
Clay, gravel, and boulders " .

Navajo Sandstone
Sandstone, yellow; water at 35 ft .

(D-29-5)19cba-l. Log by Well Supply Co.
Alt. 6,740.

Glacial outwash
Gravel, cobbles and clay .............•..•.••..•.••.•.•.•

99

34

116

28

34

150

28



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-29-5)19cba-l.--Continued

Moenkopi Formation
Shale, red .

Sinbad Limestone Member
Limes tone, yellow; water 80-110 ft •..•...•..••.•.•..•...

(D-29-5)32bad-l. Log by Well Supply Co.
Alt. 6,880.

Alluvium and glacial deposits
Clay, silt, gravel, cobbles, and boulders •.•.•.....•.•..

Moenkopi Formation
Shale, gray .
Sinbad Limestone Member

Limestone, fractured limonitic; poor cutting returns ••..

Note: Water level declined while drilling well, from
3 ft in the shallow deposits to 30 ft at finished
depth.

(D-29-7)15dbd-I.--USGS test hole 4. Composite field log by
J. W. Hood. Alt. 5,045.

Fill, artificial, and brown silt, sand and gravel;
larger gravel is bit-cut; one boulder; sand and
gravel caved during reaming; water level approx
imately 12 ft below land surface •.•••••..••....••••••...

Siltstone, red to dark-brown, clayey, sand; wet
material forms lumps around bit and drill stem•••••••.••

Shale, gray, silty, soft to firm limy chips;
cuttings look wet ........................•.......••.....

Mud, thick, tan; a little water •.........••...•••..••••••.
Limestone and limy shale, gray, hard, in thin

flakes and chips; drill action is rough •••.•..••.•••••..
Limestone, dark-gray, shaly; many flakes and

chips; few flakes of red-brown shale at
90-100 ft; started producing much water at
about 70 ft where formation is hard and
drilling rough; slightly softer at 77-80 ft;
produced more water at 90 ft ..••...•.•.....•.•..•..•.•.•

Shale and siltstone, brown, sandy, with lime
stone chips with solution pits at 125 ft; had
to pull bit up to clear hole of cuttings •...•••..••....•

Limestone, dark-gray, shaly, hard; cuttings
finer than above; some gypsum; iron stains
in limestone .

As above, with brown siltstone and thin flakes of
tan to green limy shale; some red chert and
thin veinlets of gypsum at 160-170 ft .•.••.•••.•••••••.•

100

Thickness

50

62

21

54

25

17

23

10
5

5

60

10

10

40

Depth

78

140

21

75

100

17

40

50
55

60

120

130

140

180



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-7)~5dbd-l.--Continued

Gypsum; drilling fluid turned white; includes
some gray limestone, flakes of green and
red shale; some sand in cutting at about
199 ft •...........•........•............•••..•.....•.•••

Shale, greenish-white with red mottled zones;
gypsum ~ " .

Limestone and gypsum, gray with dark- to light-
brown siltstone and fine sand .....•.•.•...•....••.•.•.••

Sandstone, tan, fine- to coarse-grained with
red siltstone and minor amounts of limestone
and gypsum.•........•••.••.••......••••.•.........••..••

Siltstone, red and tan, red sandstone, and gray
limestone ......••.........••..........•.•....••..•.•••..

Sandstone, tan, red siltstone, and red sand-
stone 0 .., " ..

As above, with more sand .•....•.•....•.••...•...•..•.•••••

Water sample at 261 ft; specific conductance,
1,800 micromhos; pH, 6.8; estimated yield,
150 gal/min.

Sandstone, white to tan, very fine to fine-grained •.•.••••
As above, with cavings(?) of red siltstone and gray

limes tone ..
Sandstone, slightly yellowish, very fine to

fine-grained; cavings(?) of reddish-tan
shaly sandstone at 290-300 ft .•••..••..•••.•.•.•••••.•.•

Sandstone, tan, very fine to medium-grained;
5 percent dark reddish-brown silty sandstone
at 320-330 ft ..

Water sample at 330 ft; specific conductance,
1,400 micromhos; temp., 14°C; pH, 6.8; esti
mated yield, 200 gal/min.

Sandstone, dirty, with dark-red sandstone and
siltstone, tan siltstone, and dark-tan strongly
cemented sandstone ..

Sandstone, tan, very fine to fine-grained;
many small white fragments (vein fillings?)
below 380 ft •........•.••..••......•••..••...•.•.•.••••

As above, looks dirtier and darker tan; fragments
of dirty sandstone .••.•....•.•.••.....•••.•..•.•••.••..

Sandstone, tan, very fine grained; few cavings
with fine white fragments as above; slightly
dirtier at 440-450 ft ........................•.........

101

Thickness

20

10

10

10

10

10
10

10

10

20

50

10

30

30

40

Depth

200

210

220

230

240

250
260

270

280

300

350

360

390

420

460



Table 10.--Se1ected logs of wells and test ho1es--Continued

Material

(D-29-7)15dbd-l.--Continued

Thickness Depth

After final cleaning, hole open to total depth, with no cavings; maximum
open-hole flow was 43 gal/min; packer set at 260 ft and failed to stop flow;
final packer setting at 238-242 ft shut-off flow from Navajo Sandstone. Detail
ed description of samples, by Stacie Kruer, available in files of the U.S. Geo
logical Survey.

(D-29-ll)lbbc-l. Log by H. R. Phillips.
Alt. 4,460.

Surface deposits ..
Entrada Sandstone

Shale, red; water at 130 ft .••••.••.•••....•••.•••.••.••
Sand and streaks of red shale; water .•.•....••••••.••..•

Red Shale at 320 ft.

(D-29-l2)19bcd-l. Log by Charles Erb.
Alt. 4,930.

18

162
140

18

180
320

Sand J windblown .
Entrada Sandstone

Sandstone, red and white, interbedded .....•.••.•.••.•••
Shale, red .
Sands tone, red ..

Carmel Formation
Shale, red and blue, interbedded .•..•..•..•..•••.•••••.
Gyp sum ..
Shale, red .
Flintrock (?) ..
Shale, red ..
Sands tone, hard, red ...•...•...........••..•••.••....••
Shale, red; water .

(D-29-l2)33acd-2. Composite sample log by Stacie
Kruer and field log by J. W. Hood. Alt. 4,616.

3 3

100 103
37 140

208 348

84 432
13 445
10 455

6 461
36 497
21 518
87 605

Shale, light-red, silty, micaceous, laminated,
fissile, calcareous, with gypsum; shale,
gray, micaceous, some small gypsum crystals,
laminated, fissile, calcareous ..••.•..•.•.••••.•..•••••

Gypsum, white, massive; also some satin spar
interlayered with shale, red-brown, silty,
muscovi te, calcareous ............•..........•......•.•.

Shale, gray, silty, micaceous, calcareous,
with gypsum; shale, red-brown, silty,
calcareous .

Shale, gray, muscovite, laminated, fissile,
calcareous .

102

10

10

10

10

10

20

30

40



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-l2) 33acd-2.--Continued

Thickness Depth

Shale, gray, silty, micaceous, calcareous; some
gypsum, white, massive; siltstone, reddish-
gray, unidentifiable black grains, calcareous •..••.•••••

Shale, gray, micaceous, gypsum, sulfides, laminated,
calcareous .

Shale, gray and red, muscovite, gypsum, laminated,
calcareous; gypsum, white, massive •.•..••.....•.••..••••

Shale, dard-gray, micaceous, laminated, fissile,
calcareous; siltstone, reddish-gray, calcareous;
gypsum, white, massive ..............•.....•.....•.....••

Shale, red-brown, silty, muscovite, gypsum,
laminated and calcareous; gypsum, grayish-
white, massive .

Gypsum, white, granular (looks like it has been
ground up into small pieces) ..••....•..••.••••••••••••••

Shale, dark-gray, biotite, laminated, calcareous;
gyp SUDl, white, mass i ve .

Gypsum, white, massive and granular ..••••••••••..•••••••••
Gypsum, reddish-white, crystalline and massive

and granular; siltstone, dark red-brown; bio-
tite; gypsum, slightly calcareous ......•.••.•.•.••••••••

Siltstone, dark red-brown; biotite; gypsum,
slightly calcareous; some gypsum, white, massive ••.•••••

Shale, greenish-gray, silty, muscovite, chlorite,
biotite, laminated, extremely calcareous; shale,
dark red-brown, muscovite, laminated, calcareous ••••••.•

Limestone, light-gray, shaly; some chlorite, and
mus covite •••••••••••.••••..••.•••••••••••.••••••••••••••

Limestone, light-gray, shaly, some chlorite;
siltstone, red-brown, biotite, calcareous ••••..•.•••••••

Shale, dark red-brown, silty, micaceous, cal-
careous .

10 50

10 60

10 70

10 80

10 90

10 100

10 110
10 120

10 130

10 140

10 150

10 160

10 170

10 180
Limestone, light-red to red-brown, oolitic,

some biotite flakes, some sulfides, oolites
are spherical to eliptical; siltstone, red
biotite, calcareous; seems to be interlayered
with the oolitic limestone; the biotite in
both the siltstone and limestone are fairly
large flakes .

Shale, dark red-brown, micaceous, calcareous;
sandstone, grayish-white, very fine grained,
subangular to subrounded, some magnetite,
calcareous cement .

Sandstone, pinkish-tan, fine- to very fine grained;
subangular to rounded, some magnetite, carbonate
cement; some shale, red-brown, silty, slightly
calcareous .

103

20

10

10

200

210

220



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-29-l2)33acd-2.--Continued

Thickness Depth

Sandstone,pinkish-white, fine-grained, subrounded
to rounded; some magnetite, friable, carbonate
cement. Test hole began producing estimated
5 gal/min at 225 ft by air lift. .....•.•.•••.••••.••.•.•

Sandstone, tan, very fine grained, subangular
to rounded, friable .

Sandstone, tan, very fine grained, subangular to
rounded, friable, some magnetite. Test hole
producing estimated 25 gal/min at 250 ft •.••••••.•.•••••

Sandstone, tan, medium- to fine-grained, subrounded
to rounded, friable; carbonate cement •...••.•.••.......•

Sandstone, tan, very fine grained, subangular to
rounded, friable, clean ....•..•....•..•...••.•••••••••••

Sandstone, tan, medium- to fine-grained, sub-
rounded to rounded, friable, clean•.••..••..••••••••••••

Sandstone, tan, medium-grained, subrounded to
rounded; some magnetite, friable •••..••...••••••••••••••

Sandstone, pinkish-tan, medium- to very fine
grained, angular to rounded, magnetite,
friable, carbonate cement .

Sandstone, tan, medium- to fine-grained, subangular
to rounded, magnetite, friable •••...••••••.•.••.•.••.•••

Sandstone, pinkish-tan, very fine grained, sub-
rounded to rounded, magnetite, friable ..•....••••••.••••

Sandstone, tan, fine-grained, subrounded to
rounded, some magnetite, friable, carbonate
cement .

Sandstone, tan, fine-grained, subrounded to
rounded, some magnetite, friable ••••••••••••••••••••••••

Sandstone, tan, medium- to fine-grained, sub-
angular to rounded, magnetite, friable •.•••••.••••••••••

Sandstone, tan, fine-grained, subangular to
rounded, magnetite, some biotite, friable •.••••...••....

Sandstone, tan, fine-grained, subangular to
rounded, magnetite, friable. Test hole
producing estimated 200 gal/min at 390 ft •••••••••••.•••

Sandstone, tan, fine-grained, subangular to
rounded, magnetite, friable, carbonate cement •.•••••••••

Sandstone, tan, medium- to fine-grained, sub-
angular to rounded, magnetite, friable, carbon-
ate cement .

10 230

10 240

10 250

10 260

10 270

10 280

10 290

20 310

10 320

10 330

10 340

10 350

10 360

10 370

20 390

10 400

10 410
Sandstone, tan, fine-grained, subrounded to

rounded, magnetite, some pyrite, friable,
carbonate cement; shale, red-brown, sandy,
gypsum, biotite, calcareous ..•..•.•...•..•.•.•••.••.••••

Sandstone, tan, fine-grained, subangular to
rounded, magnetite, friable, carbonate cement •••••.•••••

104

10

10

420

430



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-l2) 33acd-2.--Continued

Sandstone, tan, fine-grained, subrounded to
rounded, friable, carbonate cement ..••••.•.••••..•.•.•.•

Sandstone, tan, fine-grained, subangular to
rounded, magnetite, friable, carbonate cement ..•..••...•

Sandstone, tan, fine to very fine grained, sub-
rounded to rounded; sandstone, pinkish-white,
silty, cemented with gypsum••.•..............••.•...••.•

Sandstone, tan, very fine grained, subangular
to rounded, magnetite, friable, carbonate
celnen t .

Sandstone, tan, very fine grained, subangular
to rounded, magnetite, some pyrite, friable,
carbonate cement; sandstone, pinkish-white,
silty, cemented with gypsum••.•....••.••••..•.•.•.••.•••

Thickness

10

30

10

10

10

Depth

440

470

480

490

500

Hole drilled to 510 ft to assure full 500 ft of open hole. Carmel Formation
was dry; no packer set to obtain water level and water sample. Sample taken from
casing head after blowing hole free of cuttings and detergent. No geophysical
log. Water level was 140.9 ft below land surface after 17 hours of recovery
from air lift pumping.

(D-29-l3)laab-2. Log reported by Paradox
Production Corp. Alt. 5,250.

Carmel Formation
Siltstone and shale, red, soft, very

calcareous .
Navajo Sandstone

Sandstone, white to light-orange, very fine to coarse
grained, slightly calcareous, friable •••••••••••••••••

Sandstone, light-orange, medium-grained, slightly
dolomitic, very friable .

Siltstone, red, siliceous, dolomitic, hard ••..••••••••••
Sandstone, orange, very fine grained, Silty,

slightly calcareous ••••••••.••.••••••••••.••.•••••••••
Sandstone, orange, fine- to medium-grained,

friable, slightly calcareous •...••••••••••••.•••••••••
Sandstone, orange, very fine grained, silty,

friable .
Sandstone, white to orange, very fine grained,

silty, friable .••••..•....••....••.••..•.•••••••••••••
Sandstone, orange, fine- to medium-grained, friable •••••
Sandstone, as above, silty •••...•.•.••••••••.••.•.••••••
Sandstone, orange, very fine grained, friable,

calcareous .
Sandstone, as above, with stringers brown soft

shale .
Sandstone, white to orange, very fine grained,
! silty, friable .

30 30

70 100

45 145
25 170

40 210

60 270

70 340

70 410
50 460
70 530

60 590

10 600

50 650

105



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-13)laab-2.--Continued

Thickness Depth

Kayenta Formation
Sandstone, white, very fine grained, silty,

with stringers chocolate brown shale ......•...••..•...
Siltstone, chocolate brown, calcareous, with

stringers chocolate brown shale ••...•.•••...••.•..•••.
Sandstone, pink, very fine to fine-grained,

slightly calcareous •............••.......•.••••..•..••
Sandstone, orange, very fine to medium-grained,

slightly calcareous, friable, abundant gypsum••••••••.
Wingate Sandstone

Sandstone, white to light-orange, very fine grained,
slightly calcareous, friable ......••.....••••.••.•••••

Sandstone, light-orange, very fine grained,
silty, friable .

Sandstone, as above, saturated ......•.....••......•.....
Sandstone, white, very fine grained, very

friable, slightly calcareous ....••.•.....•...••••..••.
Sandstone, light-orange, very fine grained,

slightly calcareous, very friable •••..•.•.•....•..•.•.
Sandstone, light-orange, silty, friable, slightly

calcareous; trace of gypsum....•.•.....••..•.•.•.••.•.
Sandstone, white, very fine grained, slightly

calcareous, friable .
Sandstone, white, very fine grained, silty,

calcareous, friable .•..•.•.•.........•...•••.•••.•....
Sandstone, light-orange, very fine grained,

friable .
Chinle Formation

Siltstone, red to brown, micaceous, calcareous ••••••••.•
Siltstone, red, brown, purple, micaceous,

calcareous, with some chocolate brown shale
stringers .

Limestone, gray and purple, hard, dense ...•.......••....
Siltstone, red and brown, with trace of pink lime ••..•.•
Shale, purple, silty, trace of gray lime ...•••......•...
Limestone, pink-gray, hard, dense, with above

s i1ts tone stringers .
Shale, chocolate brown, calcareous •.••.•...•••••••••••••
Shale, gray, soft, calcareous ....•...•••...•.••••••••...
Sandstone, very fine to medium-grained, white,

very calcareous .
Shale, chocolate brown, calcareous, hard, some

gray-green shale ...........................•..•••.••••
Sandstone, white, very fine grained, hard,

t ight ............................................•....
Shale, red, calcareous, with some gray-green

shale .
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170 820

10 830

30 860

50 910

20 930

60 990
20 1,010

40 1,050

10 1,060

20 1,080

60 1,140

40 1,180

30 1,210

40 1,250

75 1,325
15 1,340
60 1,400
10 1,410

40 1,450
40 1,490
30 1,520

40 1,560

50 1,610

10 1,620

50 1,670



Table 10.--Selected logs of wells and test holes--Continued

100 1,770
60 1,830
60 1,890
10 1,900
10 1,910
20 1,930
40 1,970
10 1,980
10 1,990
50 2,040

10 2,050

80 2,130

40 2,170

10 2,180

70 2,250

60 2,310

60 2,370

40 2,410

30 2,440

Material

(D-29-l3)laab-2.--Continued

Chinle Formation--Continued
Shale, gray-green, pyritic, micaceous ..•...•....•••.••.•
Shale, as above, with white sandstone stringers •.••..•.•
Siltstone, dolomitic ...............•...•.••...••....•••.
Shale, brown, gray, hard, dense ........•.......•...••..•
Siltstone, gray-white, dolomitic •.......••....••.•••••••
Shale, gray, pyritic, micaceous, calcareous •.....•.•.••.
Siltstone, gray-white •..•.....•.••.•.....•.•...•.•••.•.•
Shale, gray, pyritic, calcareous•.••.•.••.....••••••.•••
Dolomite, white-gray, argillaceous; dead oil stain ••••••
Shale, gray-green, pyritic, calcareous ..•.. ..•••••••••••

Coconino Sandstone
Sandstone, white, medium-grained, angular, light

fluorescence and cut, calcareous .••...••...••.••.•.•.•
Sandstone, clear-white, medium- to coarse-grained,

friable, subangular; asphaltic shows; abundant

gypsum•• " . " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
Sandstone, clear-white, fine- to medium-grained,

subangular; appears water bearing; trace of

gypsum" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "" " " " " " " " " "
Sandstone, white, fine-grained, subangular,

frosted, widely sorted, friable; trace of

gypsum. """""""""""""""""""""""""""""""""""""" "" """" """
Sandstone, as above, more friable, poorly sorted,

trace of coarse-grained conglomerate sandstone••••••••
Sandstone, white-tan, very fine to fine-grained,

sub-rounded, frosted, poorly sorted, very
friable, abundant gypsum••••••..•••••••••••••••••••••

Sandstone, as above, except less friable, fine-
grained, fairly sorted""""",,""""""""""""""""""""""""""

Sandstone, white-tan, fine-grained, subrounded,
frosted, poorly sorted, very friable; trace
of gypsum; tract pyrite .•••.•••.•••••.••.•••.•••••••••

Sandstone, white-light gray, very fine to fine-
grained, fairly sorted, trace of gypsum .••••••••••••••

Sandstone, white, fine- to coarse-grained;
some coarse-grained rounded frosted in
dividual quartz grains, very friable; trace
of pyrite; trace of gypsum••••••••••••••••••••••••••••

Sandstone, white-light gray, very fine to fine-
grained, less friable, trace of gypsum; trace
of pyrite ...............•...••..•..••••.•...••....••••

Sandstone, white-tan, fine-grained, subrounded,
frosted, very friable; trace of gypsum.•.....•.•.••.••

Sandstone, white-light gray, fine-grained,
subangular, friable, trace of gypsum, trace

of pyrite.""""""""""""""""""""""""""""""""""""""""""""
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Thickness

30

90

10

40

Depth

2,470

2,560

2,570

2,610



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-l3)laab-2.--Continued

Coconino Sandstone--Continued
Sandstone, white, medium-coarse grained, rounded,
_ frosted, very friable; trace of gypsum ..•...•.••.••••.
Sandstone, white, fine- to medium-grained, very

friable, rounded, frosted; trace of gypsum;
trace of pyrite .

Sandstone, white to tan, fine to medium-grained,
trace of gypsum.•.•.•......•.•.•••.•.•..•...•......••.

Sandstone, white-tan, very fine grained, silty,
very friable, frosted, rounded .•.••.••••••.••••••••..•

Sandstone, as above, with stringers red to brown
s i1ts tone .

Sandstone, white, very fine to fine-grained, less
friable, micaceous, calcareous, with trace of red
to brown siltstone, trace of purple dolomite,

Thickness

20

20

60

10

Depth

2,630

2,650

3,200

3,260

3,270

fine crystalline .
Sandstone, as above, with trace of light-gray, very

micaceous, hard, siltstone, sandy, trace of purple
dolomite .

Siltstone, tan, micaceous, calcareous ........••••••••••.
Sandstone, white to tan, very fine to fine-grained,

micaceous, calcareous, trace of gypsum.....••.••••.•••
Dolomite, white to light-purple, fine crystalline;

trace of dolomite, purple, sandy, very highly
micaceous; very poor sample, lost circulation .•••.•.••

Very poor sample; cavings •...••.•.•.••.••.••.••.••.••.••
Dolomite, dark-purple, fine crystalline, hard;

trace of purple chert .
Very poor sample; cavings .
Dolomite, light-purple, fine crystalline, with

trace of white chert .
No samples .
Siltstone, purple, very micaceous, calcareous, with

some red-brown siltstone, micaceous, sandy •••.•••.••..
As above, with trace of purple and white mottled

limestone, fine crystalline, trace of purple
dolomite •.•...•......•.•••.••.•••..•..•.•.•..••.•..•••

Sandstone, white, fine- to medium-grained,
calcareous, with above siltstone .•.•••.•••••••••••••..

Sandstone, white, fine- to medium-grained,
calcareous, with above siltstone •.•••.•.••••••.•.•••••

As above, trace of brown limestone, dense .•.•••••••••.••
Siltstone, red-brown, micaceous, calcareous,

sandy ..................................•....••........
As above, with one piece of limestone, white to tan,

very fine crystalline •.........•.••••••..•••.•••.•.•••
Sandstone, light-purple, silty, micaceous, with

trace of limestone, tan to light-gray, dense,
slightly sucrosic .

108

10 3,280

10 3,290
10 3,300

10 3,310

10 3,320
10 3,330

10 3,340
20 3,360

10 3,370
20 3,390

10 3,400

10 3,410

5 3,415

15 3,430
5 3,435

5 3,440

10 3,450

10 3,460



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-l3)laab-2.--Continued

Thickness Depth

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Formation of Wengerd and Matheny (1958)

Limestone, tan, cryptocrystalline •.••...•••••.•••.••..••
As above, with trace of light-gray fine crystalline

limestone, trace of orange and tan chert ••••.•.•••••.•
Limestone, lavender, very sandy, with stringers

light-gray dense limestone, some lavender
sands tone, micaceous, calcareous •••....•.••••••••••••.

Sandstone, lavender, fine- to medium-grained, subangular
poorly sorted, very calcareous, micaceous •••..••••••.•

As above, with stringers of limestone, light-gray,
with individual quartz grains dispersed
throughou t .......................••..•...•...••..•••••

Limestone, light-gray, fine crystalline, slightly
sucrosic, with stringers of purple siltstone;
poor sample; caving s .••....•......•••••.•••.••••..•.••

Limestone, gray, very dense, with stringers of
brown dense dolomite, cryptocrystalline, with
gray-brown chert .•.•......••.•.......•.••.•••...••••••

Limestone, light-gray, very dense, cherty, with
abundant white and tan chert, trace of light-
gray dolomi te ..•..•.•...•.••.• "•.......••..•••.•••••••

Limestone, tan, very dense ..•..•.•......•••.••••••••••••
Sandstone, white, fine-grained, rounded, fair

porosity; no show II • II II II •• II •• II • II .. II • II • II II II II II II II II II II II II II II II II II II II

As above, becoming very fine grained with trace of
red-brown shale .......•••.••.••...••••••••.•••••••••••

As above, with stringers of red to brown shale •••.••••••
As above, with trace of greenish-gray sandstone,

very fine grained. II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II

Siltstone and shale, red to brown, calcareous,
with stringers of dark-purple dolomite,
fossiliferous, very fine crystalline .•••••••••••••••••

Dolomite, purple, very fine crystalline, cherty
with stringers red to brown shale •••••••••••••••••••••

Siltstone, red to brown to purple, calcareous ..••••.•.••
Limestone, light-gray, dense, cherty, dolomite

with abundant white and tan chert ••.•••••.•.••••••••••
Limestone, light-gray, very dense, siliceous,

considerable chert. amber, trace glauconite •••••••.•••
Limestone, brown, very fossiliferous, slightly

argillaceous, silty in part, siliceous, con-
siderable amber, black and white chert ••.••..•••..•.•.

Sandstone, white, very fine to coarse-grained,
calcareous, poorly sorted; larger grains are
well rounded ...•..•...........•...••••.•••••••••.•••••
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5 3,465

5 3,470

10 3,480

10 3,490

10 3,500

20 3,520

10 3,530

10 3,540
10 3,550

10 3,560

20 3,580
10 3,590

10 3,600

10 3,610

10 3,620
10 3,630

10 3,640

10 3,650

10 3,660

10 3,670



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-l3)laab-2.--Continued

Thickness Depth

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Formation of Wengerd and Matheny (1958)--Continued

Sandstone, as above, mostly very fine grained,
with silt stringers, shale, dark-gray to
black, very calcareous, fossiliferous, hard ..••....•.•

Sandstone, as above, considerable siltstone,
gray, very calcareous ....•...............••....•......

Limestone, light-gray to brown, very silty,
considerable chert, .buff .........•.......•.•.•.•..•..•

As above, stringers limestone, dark-gray, very
argillaceous, fossiliferous •.••..••...••..•.••.•.••...

Limestone, dark-gray, fossiliferous, dolomitic,
argillaceous, silty in part, chert, dark-gray ...••...•

Sandstone, gray, very fine grained, soft,
dolomitic, argillaceous •...........•.••..•..........•.

Conglomerate, with silty limestone matrix, sand
as above, reworked sand, shale and limestone •••.•....•

Sandstone, gray to green, very fine grained,
calcareous, glauconitic, micaceous, calcareous ••••••.•

Siltstone, gray, calcareous, micaceous; trace
disseminated pyrite .

Limestone, brown, dense, very fossiliferous;
considerable brown chert nodules ••.•••.••.•..••••••••.

Siltstone, gray, calcareous, micaceous ••••••••••••••••••
As above, stringers of black shale, stringers

of gray, dense limestone .
As above, trace of gypsum•.........••.••.....•.•••...•.•
Siltstone, gray to green, soft, glauconitic,

stringers of fine, white sand, friable,
trace of gypsum and white to pink chert •••.••••.••••••

Siltstone, gray to green, as above .••..•.•••••.•••...•••
Sandstone, gray to green, very fine grained,

very calcareous, micaceous, glauconitic
in part .

Sandstone, as above, stringers of shale, dark-gray
to black, calcareous, stringers of limestone,
gray, dense ..............................•.....•.•....

Siltstone, gray, very calcareous, micaceous,
stringers of gray, dense dolomite ...••.•.•.•.•.•••.•..

Sandstone, white, fine-grained, very calcareous,
subangular, poorly sorted; siltstone, green,
calcareous, very micaceous, glauconitic .••..••••....•.

Siltstone, green, as above .•......••..•.•..•••••..••..••
Sandstone, white to green, very fine to fine-grained,

subangular, very micaceous, glauconitic, dolomitic .•.•
Sandstone, as above, very fine siltstone, very

dense, gray dolomite; considerable gummy
gray shale .
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10 3,680

10 3,690

10 3,700

10 3,710

10 3,720

10 3,730

30 3,760

10 3,770

10 3,780

10 3,790
10 3,800

10 3,810
10 3,820

20 3,840
10 3,850

10 3,860

10 3,870

10 3,880

10 3,890
10 3,900

10 3,910

10 3,920



Table lO.--Selected logs of wells and test holes--Continued

Material

(n-29-13)laab-2.--Continued

Thickness Depth

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Formation of Wengerd and Matheny (1958)--Continued

Sandstone, as above, trace of gray to green,
dense dolomite ........................••.........•.•..

Limestone, buff to pink, dense, slightly
fossiliferous ..•.................................•.•..

Limestone, as above, considerable siltstone,
gray to green, calcareous, very micaceous,
glauconitic ..................................••.•••.•.

Sandstone, white to green, fine-grained, micaceous,
friable, glauconitic, loose, considerable gummy
gray shale ....•.....••...............•..••.•••.••.••.•

3,971.5-3,988 ft, recovered 16.5 ft,

Shale, dark-gray to black fossiliferous,
carbonac.eous .

Siltstone, gray to green, very argillaceous,
very micaceous, calcareous, fossiliferous ••.••..•.•...

Shale, gray, slightly calcareous, micaceous, very
silty; numerous plant fossils; finely disseminated
pyrite at top .

As above, much less silt, less calcareous •.•.•••••••...•
As above, becoming very silty, more calcareous ..••.•.••.
Limestone, gray to brown, very dense, micro-

oolitic(?), fossiliferous; shale inclusions;
slightly silty and argillaceous ••..••.•••.•••••.•••••.

As above, non-oolitic ....•..••••..••.•..•••.••••.••.•••.
Anhydrite, gray to white, reworked at top •••••••••••••••
No record .
Limestone, dark-gray to white, microcrystalline,

fossiliferous, some anhydrite; some smoky chert •.•.•••
Sandstone, gray, very fine grained, friable,

micaceous, calcareous; variable porosity ••.•••.••..•••
Shale, red and brown, soft .••..•..••••••••••.•••••••••••
Sandstone, gray to white, very fine grained,

micaceous, calcareous; fair to poor porosity .••.••••••
Limestone, gray to white, microcrystalline,

anhydritic, few anhydrite inclusions •.••..•••.•..•.•..
Sandstone, white, very fine grained, well cemented,

with calcite, some gray, calcareous, hard shale ...••.•
Limestone and dolomite, gray to white, micro

crystalline, anhydritic, argillaceous ..••...••..••...•
Siltstone, white to gray, very fine grained,

calcareous, hard .
Limestone, gray, silty, argillaceous, interbedded

with siltstone and shale, few feet of anhydrite
at 4,290 .

III

10 3,390

20 3,950

10 3,960

11 3,971

Core No. 1

.5 3,972

2.5 3,974.5

2.5 3,977
5 3,982
2 3,98..4

1 3,985
1 3,986
2 3,988

12 4,000

65 4,065

20 4,085
10 4,095

15 4,110

15 4,125

30 4,155

25 4,180

60 4,240

60 4,300



Table 10.--Selected logs of wells and test holes--Continued

Material

(D-29-13)laab-2.--Continued

Thickness Depth

10 4,435

15 4,450

20 4,470

10 4,480

20 4,500

10 4,510

10 4,520

10 4,530
10 4,540
10 4,550

10 4,560

10 4,570

10 4,580
30 4,610

20 4,630
10 4,640

10 4,650

10 4,660

10 4,670

10 4,680

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Foramtion of Wengerd and Matheny (1958)--Continued

Siltstone, gray, calcareous, interbedded with
limestone, fine-grained, microcrystalline,
s 11ty " "" ".. " """. " " """""""".. "" "

Limestone, gray, microcrystalline, slightly
fossiliferous, some gray to black, cal-
careous shale ........•...•.......•.•....•.......•••...

Siltstone, white, soft, considerable silty soft
calcareous material, appearance similar to clay;
possible fracture or fault zone. At 4,432-4,435
ft had 4-foot drilling break and lost pump pres-
sure momentarily upon entering zone with bit ••••••.••.

Limestone, dark-gray, microcrystalline, silty,
calcareous, trace of siltstone•....•.............•....

Limestone, dark-gray, microcrystalline, silty,
calcareous, slightly fossiliferous; milky
smoky gray chert .......•.•.••....•...•...•..•.•.•..••.

Limestone, gray, silty, slightly fossiliferous;
considerable gray chert; trace of anhydrite •••.••.••••

Siltstone, gray, very calcareous, trace of

anhydrite.""""""""""""""""""""""".""""" •• """"" .. " •• """ "
Siltstone, light-gray, very soft, argillaceous,

calcareous" "".. """"""""""""""""".. """"""""""""""""""""""
Limestone, gray to brown, dense, slightly

fossiliferous"" "" """" """" "" "" """ """ "" "" "".. "" """ .. """ """
Limestone, as above, silty in part, trace of

anhydrite" "" ".. ".. "" " " ".. " " "" "".. "
Limestone, as above, trace of black chert ••••....•..••..
Limestone, as above, becoming very silty •....•••••.••••.
Siltstone, light-gray, soft, argillaceous,

calcareous, gypsiferous .. " ".. ".. ".. " " "
Siltstone, dark-brown, hard, very calcareous,

fossiliferous; brown chert •••.••.••......••••••••..•.•
Siltstone, as above, grading into very silty

dark-brown limestone ••.•••••....•••..•..••..•••.•.•••.
Limestone, brown, dolomitic, argillaceous, silty•.•••..•
Siltstone, gray, very calcareous, anhydrite

inclusions. Very poor sample at 4,620-4,630
f t " " " " .. " " " " " .. " ..

Shale, light-gray, soft, silty, calcareous •.•••••.•..•••
Siltstone, light-gray, soft, calcareous,

argillaceous .. """ .
Dolomite, light-gray to brown, silty, argil-

laceous. no visible porosity ..•.....••••••••••.••....•
Limestone, gray to brown, dense, silty, argil-

laceous; trace of white chert ..••.•.....•....•...•.•.•
As above, considerable anhydrite; trace of

black chert ···

112

80

4S

4,380

4,425



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-29-13)laab-2.--Continued

Thickness Depth

10 4,690

10 4,700

10 4,710

10 4,720
10 4,730
10 4,740

10 4,750

10 4,760

10 4,770

20 4,790

10 4,800
10 4,810

10 4,820
5 4,825

5 4,830

5 4,835

10 4,845

5 4,850

10 4,860

10 4,870

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Formation of Wengerd and Matheny (1958)--Continued

Dolomite, light-gray to brown, very dense,
anhydritic, trace of brown and white chert ..••.•.•.•..

Limestone, light-gray, dolomitic, dense,
slightly silty, argillaceous, brown and
and whi te chert •...........••••..........•....•.....•.

Limestone, as above, softer, more argillaceous,
less chert .•..•...•..•.•..•.....••.........•.....•....

Limestone, as above, siltstone, gray, quart-
izitic, considerable chert, trace of gypsum•.•••.•.•.•

As above, stringers of limestone, black•..••..••••.•....
As above, fossiliferous in part •..........•....•.••••...
Limestone, light-gray to brown, very dense, hard,

slightly fossiliferous, stringers of light-brown
dolomite, very argillaceous .••....•.......•.•.•...•.•.

Siltstone, light-gray to white, very soft,
argillaceous, calcareous; considerable white
chert ..

Siltstone, light-gray to white, very soft,
argillaceous, calcareous; considerable
whi te chert •.....•.••••••••••....•.•.•••.•...••..•••••

As above, stringers of limestone, white, very
dense, slightly silty, fusilinid ..•••.•••.••.••••••••.

Limestone, light-gray to white, dense, very
fossiliferous, oolitic in part, white chert ••••••••..•

Limestone, as above, very silty in part •••••.•...••.•••.
Shale, dark-gray to black, calcareous, stringers

of dark-brown dolomite, fossiliferous, argil-
laceous, considerable anhydrite ••..••••••.••••••••.•••

Shale, as above, silty in part, anhydritic ••••••••••••••
Limestone, light-gray, dense, fossiliferous

(algal?), silty in part, white chert. .•..............•
Siltstone, light-gray, calcareous, considerable

white and gray chert ..••.•...••••.•••.••.•••••••..••••
Siltstone and chert as above, gray shale

and anhydrite ...........•.....••.•..•.••.•..••.•••.•••
Limestone, light-gray to white, very fine,

crystalline, soft, very fossiliferous, chalky
in part, slightly anhydritic •••••.•••••••••.••.••••.••

Limestone, as above, gray and white, fossil-
iferous chert •..•.•.••.....•.....•.•••.••.••...•••••••

Limestone, as above, becoming slightly silty,
considerable gray chert •..•..•.•...••..•.•.•.•.•.....•

Limestone, light-gray to brown, very dense,
very fossiliferous (crinoidal, fusilinid),
silty in part, considerable light-gray and
brown fossil chert ..

113

10 4,880



Table lO.-~Selected logs of wells and test holes--Continued

chert. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Hermosa Group of Wengerd and Matheny (1958)
Honaker Trail Formation of Wengerd and Matheny (1958)--Continued

As preceding lO-foot interval, stringers of
dark-gray calcareous shale............................ 5

Chert, light-brown, some limestone as above............. 15
Dolomite, gray, fine crystalline, abundant

dark-gray chert, trace of green shale................. 10
Limestone, gray-brown, fine crystalline, dense,

silty; abundant chert, scattered spicules in

Material

(D-29-13)laab-2.--Continued

Base of Honaker Trail Formation at 4,967.
Siltstone, gray, micaceous, argillaceous;

carbonaceous streaks, trace of very
fine grained sand .

Sandstone, gray to white, with very fine grained,
hard, tight, micaceous, scattered thin lamin-
ations of black carbonaceous shale •....•••.•.•••......

Anhydrite, white, crystailline, with soft
siltstone inclusions •.••.•......•..•.......•.•.•.•.•.•

Siltstone and sandstone, gray with very fine
grained, micaceous, anhydrite and shale
inclusions .

Thickness

20

10

15

10

Depth

4,885
4,900

4,910

4,970

4,990

5,000

5,015

5,025

5,025-5,042 ft, cut and recovered 17 ft. Core No. 2

5 5,030

1 5,031

3 5,034

3 5,037

5 5,042

1 5,043
20 5,063

Limestone, dark-gray, very fine crystalline,
slightly argillaceous, very hard, highly
fossiliferous (fusilinid-crinoid), tight ••.•.•.•••••••

Limestone, as above, with minute vertical and
horizontal fractures .•.•.•.••..•.•....•....•.•....•.••

Dolomite, medium-gray, dense, microcrystalline,
slightly micaceous, argillaceous, slightly
anhydritic, very hard, tight .

Limestone, medium- to dark-gray, fine crystalline,
hard, anhydritic, dolomitic, hard, tight, with
anhydrite inclusions at 5,034 ft •.•.•..•..•.••...•••••

Dolomite, gray-tan, very fine to fine
crystalline, hard, anhydrite; no visible
porosity; salty taste in bottom 1 foot •.••..•.••.•••.

Sandstone or siltstone, very fine grained,
micaceous, anhydritic ...••....••.•....•..•••••..•••.•.

Anhydrite, white, crystalline .........••••.•••...••••.•.
Limestone, gray, fine crystalline, silty,

micaceous, anhydrite inclusions, grading to
sandstone, very fine grained, silty, micaceous,
anhydri tic and cherty ..•.•..••••••••••.•.•••••••••.•..

Limestone, medium-gray, fine crystalline, silty,
with gray--black chert ..••......•.••..••.•••.•.•....•.•

114

27

10

5,090

5,100



Table 10.--Selected logs of wells and test holes--Continued

50 5,410

25 5,435

45 5,480

15 5,495

55 5,545
10 5,555

20 5,575

33 5,133
11 5,144

21 5,165
35 5,200

5 5,205

10 5,215

31 5,246

Core No. 3

1 5,247
1 5,248

10 5,258
4 5,262

13 5,275

35 5,310
25 5,335
25 5,360

Material

(D-29-l3)laab-2.--Continued

Base of Honaker Trail Formation at 4,967--Continued
Siltstone, gray, micaceous, with trace of black

carbonaceous, shale and inclusions and streaks
of anhydrite ....•.................•............•.••••.

Anhydrite, white, crystalline .•.........••..•.•.•.......
Siltstone, gray, micaceous, anhydritic, with trace

of black shale .......................•...•.•.••...•...
Sal t - .
Siltstone, gray, calcareous ..•......•.•.•••.•.•.••.•.•.•
Dolomite, very fine crystalline, black; trace of

limestone, microcrystalline; good pinpoint
porosity 0 ••••••••••• II •••••••••••••••••••••••

Siltstone, limestone and anhydrite, siltstone,
gray, calcareous, limestone, gray, micro-
crystalline, anhydrite, gray to white ..•.•..•••••...••

5,246-5,262 ft; cut 16 ft, recovered 15 ft.

Anhydrite, white to gray, microcrystalline,
dolomitic II •••••••••••••• -•••••••••

Lost, presumed to be salt ....•••........•....•.•..•••..•
Salt, halite, microcrystalline, white •..•••.•.•.•.•..•.•
Anhydrite, gray, microcrystalline, dolomitic •.••..•..•••
Anhydrite, gray, microcrystalline, some gray,

calcareous siltstone ....••...•......••.••••••.•••••.••
Limestone, gray to black, argillaceous, micro-

crystalline, considerable anhydrite inclusions ••.•.•••
Siltstone, gray, anhydrite, calcareous ..••.•.•.•••••.•.•
Anhydrite, gray to white, microcrystalline .•••••••••••••
Siltstone, gray, calcareous, few stringers, gray

microcrystalline anhydrite, and dark-gray
microcrystalline dolomite, black, sooty,
slightly calcareous shale ...•••.•.•.••.••..•..•.•..•••

Gypsum (anhydrite), thin stringers of
calcareous siltstone.......•.•...••..•••••.•..•••..••.

Siltstone, gray, hard to soft, calcareous, few
thin stringers anhydrite, limestone and black
shale .

Anhydrite, gray to black, microcrystalline,
calcareous .

Siltstone, gray, calcareous, dolomitic, few
thin stringers anhydrite, limestone, and black
shale ..•...................•••.........••••.•....••...

Gypsum (anhydrite) .•..•....••..•...•.•.•••••..•... " ....•
Dolomite, limestone, and anhydrite (thin

stringers) ...........•.......•......•..•••.•.•...••.•.
Limestone, gray to black-tan, microcrystalline,

trace of chert, silty to clean, few anhydrite
inclusions, few thin stringers siltstone, very
calcareous, gray, trace of tan and white chert,
trace of brown and gray shale ....••.•..•.••.•••••.••••

us

Thickness

105

Depth

5,680



Table 10.--Selected logs of wells and test holes-~Continued

Material

(D-29-l3)laab-2.--Continued

Thickness Depth

Base of Honaker Trail Formation at 4,967--Continued
Limestone, dark-gray to gray, microcrystalline,
silty, dense; trace of anhydrite .•.......•••••...•.•.•

Siltstone, gray, calcareous ••••••••.••••.....•.•••....••
Limestone, dark-gray to brown, dense, very

argillaceous, fossiliferous, trace of shale,
dark-gray to black ....••..•...•....••....•...•••.•....

Limestone, light-brown, dense, slightly fossil-
iferous, trace of anhydrite ••.•..•.•.....•..•••......•

Limestone, as above, considerable anhydrite,
stringers of black shale .................•..•....•....

Limestone, light-brown, very dense, fossil-
iferous in part, dolomitic, anhydritic .••••.•..•.•.•••

Limestone, gray to brown, silty, dense,
anhydrite inclusions •......•..•.•..••.•..••••••••.•...

Limestone, brown, lithographic, fossiliferous,
very dolomitic .

Limestone, light-brown to white, very fine to
microcrystalline, fossiliferous, chalky in part •••••••

Limestone, as above, becoming very fossiliferous,
chalky .

Limestone, as above, stringers of dolomite, dark-gray,
argillaceous, fossiliferous ••.••••••..••••••••••••••••

Limestone, dark-gray to brown, very dense,
argillaceous, fossiliferous (fusilinid),
stringers of black shale ••••.•..•••••...•••••••.••••••

Limestone, light-brown to white, very fine to
microcrystalline, fossiliferous, chalky in
part .

Molas Formation
Limestone, as above, considerable gray,

green, maroon, and purple shale ••.••..••••••.•••••.•••
Shale, as above, trace of sand, pink, medium-

grained, well rounded .
Shale, as above, stringers of limestone, light-gray,

very fine crystalline .
Shale, maroon, very soft, silty, stringer of lime

stone, white, dense, fossiliferous (fusilinid) .••••••.
Shale, as above, interbedded shale, gray to

green, waxy •.•.•..•......•....•..................••.•.
Shale, as above, numerous nodules of limestone,

dark-gray, trace of anhydrite ......•......•..•.••••••.
Mississippian rocks, undivided

Limestone, white, lithographic, soft, chalky,
fossiliferous in part .

Limestone, light-gray, dense, fossiliferous,
dolomitic in part .

116

10 5,690
10 5,700

10 5,710

30 5,740

20 5,760

10 5,770

40 5,810

10 5,820

20 5,840

20 5,860

30 5,890

20 5,910

45 5,955

5 5,960

10 5,970

30 6,000

20 6,020

30 6,050

130 6,180

20 6,200

40 6,240



Table IO.--Selected logs of wells and test ho1es--Continued

Material

(D-29-13)laab-2.--Continued

Mississippian rocks, undivided--Continued
Limestone, light-brown, very fine crystalline,

very dolomitic, considerable chert, brown
and gray ..•...................•.•......•.•.•.........•

Limestone, as above, becoming silty in part,
interbedded limestone, white, chalky ..•.•......•.•....

Dolomite, brown, fine crystalline, slightly
argillaceous, scattered intercrystalline and
pinpoint porosity ....•.•.............•.•.•.........•.•

Very poor sample; mostly cavings from uphole ••.•..••...•
Limestone, white, fine crystalline, dolomitic,

fossiliferous, in part, interbedded dolomite,
brown, fine crystalline, with scattered inter-
crystalline porosity .....•..•....•.••........••••...•.

Dolomite, brown, with interbedded white, chalky
1 imes tone ..

Thickness

10

25

8
35

12

21

Depth

6,250

6,275

6,283
6,318

6,330

6,351

6,351-6,401 ft, recovered 50 ft. Core No. 4

Limestone, white, coarse crystalline, very
fossiliferous, (corals, crinoid stems, algae,
fusilinids), recrystallized; sulfur odor;
slight salt taste, scattered fair inter
crystalline porosity, good vugular porosity
at 6,356, 6,358 and 6,359-6,630.5. Note:
Best developed porosity has been completely
dolomitized ..

Dolomite, brown, fine crystalline, dense,
anhydritic ..

Same as at 6,351-6361 ft. Porosity fair to poor,
very scat tered .....•..•...•••••..•.•.•••••.•••••••.•.•

Limestone, gray to white, fine crystalline
(recrystallized), dense, very fossiliferous;
no visible porosity •...•.•.......•.•..••.•.•.•.•.•••••

No record ..

(D-30-5)10abb-l. Log by Well Supply Co.
Alt. 7,180.

Glacial deposits, undivided
Clay, gravel, and a boulder ..•.••......•••.••••••••..••.
Mud, gray ..
Silt, sand, gravel, and cobbles, pink ..•••••••...•.•••••

117

10

3

24

13
3

74
44
12

6,361

6,364

6,388

6,401
6,404

74
118
130



Table lO.--Selected logs of wells and test holes--Continued

Material

(D-30-ll)5adb-l. Log by Unzicker and Wells Co.
Alt. 5,010.

Terrace deposits
Gravel and clay ..

Brushy Basin Member of Morrison Formation
Clay, bentonitic ..

(D-30-l4)23bbb-l. Log by Loman Exploration Co.
Alt. 5,440.

Navaj 0 Sandstone ..
Kayenta Formation

Shale, with thin layers of sand .•••••.••••••••••••••.•••
Wingate Sandstone; water ...•..•....••••......•••..••••..

(D-3l-9) 32ddd-l. Log by H. R. Phillips.
Alt. 5,925.

Terrace deposits
Boulders and sand ..

Masuk Member of Mancos Shale
Shale, blue ..
Shale, sandy, gray ..
Coal ..
Shale, sandy, gray ..

Emery Sandstone(?) Member of Mancos Shale
Sandstone; water ..
Shale, gray .

118

Thickness

35

5

335

265
260

55

59
66

3
167

46
8

Depth

35

40

335

600
860

55

114
180
183
350

396
404



Table ll.--Descriptions of rock samples collected for analysis of hydrologic properties
and grain-size distribution and of sampling sites

Location: See text for description of data-~;ite numbering systems.

Samples of the Navajo Sandstone and one sample of the Wingate Sandstone were obtained, except as noted, by
portable air coring equipment and submitted to the Hydrologic Laboratory of the u.S. Geological Survey.
The descriptions of the sources and of thin sections, where applicable, follow. Hydraulic, physical, and
statistical characteristics of the samples are given in table 12.

Location

(D- 24-12) 35bcd

35cbd

(D-27-4)36dca

(D-31-7)28dda
28ddb

(D-34-8)16dad

16dca

Laboratory
number

TQUT5
TQUT4
TQUT9

TQUT6
TQUT8
76UT39

TQUTI

TQUT2
TQUTJ
TQUT7

76UT23

76UT22

Description

Eastern San Rafael Swell

Bare slope of Navajo Sandstone where precipitation can drain from site.
Depression in Navajo Sandstone where precipitation can accumulate.

Do.

Channel of Old Woman Wash where Navajo Sandstone is covered with alluvial sand.
Do.

Channel of Old Woman Wash where Navajo Sandstone is bare and exposed directly
to streamflow.

Thousand Lake Mountain area

Shelf on south side of small hillock of Navajo Sandstone, which stands above
adjacent drainage and on steep side of Thousand Lake Mountain. Surface around
core hole is nearly flat and has small amount of loose sand.

Oak Creek area

Sloping outcrop of Navajo Sandstone above Oak Creek channel.
In channel of Oak Creek.

Do.

Burr Canyon area

Navajo Sandstone. Outcrop specimen from fresh road cut near head of Burr Can
yon. (See fig. 8.) Fractured sandstone immediately above contact with
Kayenta Formation. Sandstone is weathered by water circulation in fractures;
very fine grained, subrounded; color is dark yellowish orange and is due to
cement. Calcium carbonate present in part of the sample, especially, in
veins, and entirely replaces the ferruginous cement locally. Manganese oxide
growths present through much of sample. In selecting a fraction of the spec
imen for carbonate analysis, a portion of the rock was selected that had ap
proximate average distribution of cement and veins; other portions of the
specimen, thus, could have greater or lesser amounts of calcium carbonate
than indicated in table 12.

Wingate Sandstone. Outcrop specimen from road cut just west of head of Burr
Canyon. Specimen slightly weathered. Very fine grained sandstone, particles
subrounded, well bedded, with beds I mm to 3 ern thick; color varies from mod
erate reddish orange to light brown and is due to cement.

119
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Table l2.--Hydraulic, physical, and statistical characteristics of miscellaneous rock specimens
[See also Hood and Danielson, 1979, tables 1-5J

Location: See text for description of data-site numbering systems.
Water type: Water used for various tests in laboratory; D, distilled; I, Denver tap water.
Hydraulic conductivity (K): Determined in meters per day (m/d) at 60°F (lS.SOC).
Ratio H/V: Ratio of horizontal to Vertical hydraulic conductivity.
porosity: Effective porosity is for voids having entrance diameters larger than 0.1 micron.
Grain- size diameter: Clay and silt sized by hydrometer where value is given for each; single value is by difference between weight of total sample and that for sand sizes; sand sizes de-

termined by sieve analysis. See figure 5 for selected t.istograms of grain-size distribution.
Carbonate content: Calculated as CaC03 equivalent by C02 absorption method.
Hedian diameter: Hedian :< dSO.
Sorting coefficient: Geometric quartile deviation, -v'Q3/Ql' taken from cumulative curves representing frequency data of sediments. Q3 = 25 percent quartile, Ql :< 75 percent quartile.

Skewness: (Ql·Q3)/d50.
Kurtosis: (QrQ1)I2(P90- PlO), taken from cumulative curves. P90 :< 90 percentile, PIO :< 10 percentile.

Uniformity coefficient: Uniformity coefficient sorting index = d60/ d lO.

Hydraulic conduc tivi ty (K)
Grain-size diameter (millimeters) I I Statistical and physical data

Percent by weight

Clay and silt I Sand
u u

'" ~ u

" '" I u '" '" e... ...
'" . u " u 0 Oil

u

I
~ u-" '" ~ ~

Location I

I
Depth

'" 1

Horizontal Vertical '" " " Oil
... '" '"~ ~ '" e 0 '" ... ~ u '" u u

.; (ft) on '" " " '" u
u '" '" ... '" ~~ .c

:> ... ~ ~ " ~
u '" 0 > u 01)

Z '" ... "" ~ '" 0 '" '" <J • U ~

'" '" N '" '" • ~
<J '"

e '" ,,~ '". '" N '" '" 0 '" .0 ~
0 '" ~6 ~

" '" ;> '" ;:; 0 ~ N U :> '" u u 01)

B t' ~ > ,; '" uu "" ~ ~ .g u~ u

'" ... 0 0 ,; 0 0 .~ Oil .. ~ "2" ~
u " ~

, , " '" " " '" ~ ~ ...... ;r.
~ 0 ~ u 0 '" '" , ~ N o U • ~ Ii 0 0

._ "0

"0 '" ~ '" '" 0 0 N N '" , , .0 ~ ~ u u '" (J .....

.0 u m/d ft/d m/d ft/d u u '" ,; 0 '" ~ N '" 0
~ '" "" ~ '" ~ ~ "'~ '"'" " " 0 .... c ,; ,...; " '" '" 0 "" " " 0.0 ~,.., " '" f-< W V 0 0 0 u~ '" '" '" '" :0 on ~ '"I\)

-'
Eastern San Rafael Swell

. D- 24-12) 35bcd TQUT5 0-1 D - - 0.50* 1.5 24.3 - 4.5 80 0.49 15 0.30 0 0 0.093 1.2 1.0 0.081 1.5 2.67 2.02
TQUT4 0-1 'f - - - 20.9 3.8 18 43 35 .24 0 0 .20 1.5 1.0 .26 2.9 2.73 2.16
TQUT9 3-4 T 0.16 0.52 .015 .049 10.6

35cbd TQUT8 0-1 T - - - - 26.8 - 5.3 38.4 53.8 2.4 .10 .10 0 .14 1.4 .91 .31 2.3 2.61 1.91
.43* 1.4

TQCT6 3-4 T .019 .062 .024 .079 .31
76UT39 0-0.1 T .40 1.3 - 25.2 - - - - - - - 2.70 2.02

0.1-1 T .092 .30 .074 .24 1. 25 24.1 21.3

'tttousand Lake Mountain area

(D-27-4)36dca TQUTl 0-1 D - - 34.9 - 3.6 66 30 0.73 0 0 0 0.10 1.3 1.1 0.24 1.7 2.75 1. 79

Oak Creek area

(D-31-7) 28dda TQUT2 1-2 D - - - - - 33.8 - - 1.4 - 5.5 63 30 0 0 0 0.20 1.4 1.1 0.24 1.7 2.60 1.72

28ddb TQUT3 0-1 T 0.30* 0.98 26.1 4.0 9.6 26 46 15 0 0 .29 1.6 .84 .24 3.6 2.72 2.01
TQUT7 3-4 T 0.0020 0.0066 .0059 .019 0.35 - - - - - - - 0

Burr canyon area

(D-34-8) ] ode. 76UT23 Sur face T 0.00063 0.0021 0.00025 0.00082 2.6 16.1 1:,,4 7.1 23.5 54.3 10.7 4.1 0.30 0 17 .8 0.080 1.5 0.89 0.17 16.3 2.66

16dad 76UT22 do. T .013 .043 .0032 .010 4.3 24.1 23.0 7.7 19.6 49.8 22 .63 .20 0 4.8 .086 1.5 .91 .19 8.9 2.67

*Determination by Dr. R. H. Brooks, Corvallis, Oreg.



Table 13. --Selected chemical analyses of water samples

l.ot'ation: Sl'L' I.t'xt for dL'scription of wl-.ll- and ~;pri ng-nllmbe r i n~ system. D, dl''-']H'llL·d; Sf pll1g~L'd back;

\-I, )ll' lro lellln-tes t well convl'rted to Wiltl'r well afu'r tl'sting.
I) i SChil rgl': E, l~S t i ma ted.
Cl,tJlogic uni t: St'l' tahle I for explnnatioll of codc and JeHcr i ption of lithology.
II i sSl)l vl'd solids~ slim of consti.tuents: Sum of dl·termined constituents shown, plus tracl' l'lements, if any.

Analvsis by: Bfl, 1I. S. Bureau of Mines; CG, Ch{~mi('al and Ccological Lahoratorie s ; eL, Cort' Laboratories, Inc. ;

CO, Cont il1vtlta 1 OJ L Co. ; CS; 1I. S. Ceologicnl Su rvey; LA, Los Anglo 1L'S Ikpt. of Water iJnd Power: RM. Rocky

~lt)(llltaln Engllwering. I IlC. ; Sil. Shel i Oil Co; SO, Superior OJ 1 Co. ; lIC, Utah State Chemi:->t; LIB. Utah Division of Health.

Spec i fie conductal1ce: fn micromhos per centimeter at 2S()C.

DEPTH DEPTH DI S- II1 S-

TO TOP TO BOT- DIS- SOLVED SOLVED II J S-

TOTAL OF TOM OF ])IS- DiS- SOLVED ftAe- D1S- SOI)[ UN SOI,VElJ

DATE DEPTH SAMPLE SAMPLE TEMP- SOLVED SOLVED CAL- NF.- SOLVED PLUS POT/\S-

01" OF INTER- INTEH- CEOWC IC EHA- SlL ICA IHON ClUff S [lJ~l Slll) j 1 :~1 POTi\S- S I U~1

I.oCAT ION 5AMPU; DISCHAH(;E \-IELL VAL VAL UNJT TURE (ST02) (FE) (C,I) UH:) (1'.1) SlUM (K)

(CAL/HfN) (FT) (FT) (F1') (DEG C) (HG/L) (UG/L) (MCIL) (MeIL) UIG/L) (MC/L) (MGIL)

(1l-21-10)28Jbb-1 July i 961 3144 2265 330}ISSP 0 160 196 III

(D-21,-5) I'lbed-SI July 16, 1975 211 FI{RN 17 220 120 120 II

Sep. 29, 1976 15 17.0 19 470 110 65 99 h./,

(1l-2/,-8) 2 5deJ -5 1 Oc t. 7, 1975 E3 230}INKP 15.0 7.8 0 42 37 18 I.Y
(Il<U.-IO) 1bha-S I OC t. 27, 1944 E5 230MNKP 232 216 70

Oc t. 30, i 958 <2 6.5 11 257 224 88
(1l-14-13)2cah-l Sep. 1958 5326 201,1 2065 230HNKP 239 3.6 5910

Nov. 9, 1958 1800 1885 230MNKI' 358 36 5250
20CC;1-S I Oct. 28. 1958 E2 221CRML 16.5 9.8 ')4 50 J5

(1l-24-14) IOaae-1 Oct. 7, 1972 7284 6120 6353 330MSSP 4000 ]540 292 43800 9') 1

(11_ "{.-16) 15acd-l .June 19, 1966 E2 5370 158 <4596 11 473 114 Ii
19hda-1 Nov. 12, 1958 8677 7968 8067 330RDl.L 1960 384 54700

(D-25-12) 14ccc-1 ()c t. 30, 1958 90 221CKML 16.5 LJ 481 642 'l39
'l4edh-1 Oct. 30, 1958 290 221ENIUl 14.5 9.6 240 372 105

S('p. 24, 1964 255 371 75

(D-25-13) Ilbhh-l Nay 23, 1967 5175 80 < 2756 200MSZC 14 46'l 72 72
(D-25-15)15abd-l July 23, 1963 6470 4819 48.55 324PRIlX 9680 5640 68101J

'~ 2ncq-l June 1958 6396 431,5 4367 32411RMS 801 460 71 91J
June 10, 1958 6085 6220 330MSSI' 1'l80 234 9690

June 27, 1958 4951J 5062 324PRIlX 876 444 7181J

(1l-2 5-15) :l2eae-1 Julv li, 1956 720 220NV,JO 125 86 J.8
(1l-25-16)10bae-1 Mar. 2, 1959 7393 6898 7092 330RDI.L 22'30 750 13201J

2gedh-l ()ct. 21, 1957 6701 6480 6594 330HSSP 1620 41 13701J
(1l-26-7)19hbd-l Nov. 14, 1960 6704 6300 6704 300l'LZC 616 158 lO40

Nov. 1'>, 1960 5420 5530 330KIJI.1. 424 101 1670

20dah-1 June 7, 1957 2620 603 650 220NVJO 3840

June 8, 1957 1450 23]WNGT 240
June 9, 1957 1655 1660 231CHNL 2560

(1l-26-8)6aab-l June 26, 1969 10.7 767 220NVJO 8 120 417 146 J 28 10
.July 16, 1975 7.7 470 150 ]40 IIJ

Sep. 27, 1976 18.0 8.6 121J1J0 420 160 140 IIJ
(D- 26-9) ]6hbh-S] Oct. 7, ]975 E.5 231WNGT 15.0 10 20 500 330 220 g:'1

21aac-Sl Oct. 8, 1975 220NV,J0 16.5 8.9 60 120 110 370 10
24dbc-l Aug. 29, 1975 1:5 22151.\]S1 17.0 9.5 50 110 81 140 7. I
24dhc-Sl Aug. 29, 197'> E50

(1l-26-13)]gedh-] Nov. 1, 1944 400 221ENI{[) 234 228 51
Oct. 30, 1958 E5 15.0 9.3 224 227 bl)

Sep. 24, 1964 236 2]0 il ·)

Sep. 25, 1976 15.5 9.9 110 260 240 43 1~

(1l-26-14)7bhe-l Nov. 22, 1959 5750 5619 5750 33U1DSN 1090 277 3120

30edb-l Dec. 27, 1961 6007 5860 6007 330HSSP 0 160 923 1170
(1l-26-]7)5eee-J Jan. 12, 1%2 6498 6350 6410 330HSSP 134000 160 2380 4340

Jan. 19, 1962 6410 6466 BOHSSP 0 320 ]020 3920
(0- 2 7-4 )36ebh-S 1 Aug. 4, 1976 <5 111CLVM 16.0 J3 62 ~5 6.1 I.:
(Il- 27 -6) 2 3eba-S] llay 22, ]975 22151.\-IS 13 10 60 28 290

(1)-27-7)7bee-l Aug. 13, 1976 EJO 100 73 100 221CHML 18.5 9. I LIO 540 lao ')r)n 211

Aug. 1], 1976 E20 260 73 260 15.5
Aug. j {~ • 1976 E30 440 7'J 440 1'>.0 6.8 hO hl0 :!RO LIOOe) .!(l

7bec-2 Aug. 30, 1977 'l80 110 380 221Cln11.
A.ug. 3 J , 1977 690 110 690
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from water wells, springs, and petroleum-test wells

In ~-;- DIS- IHS- DlS- SPE-
II I S- I)] s- \) [S- DIS- SOLVED SOLVED SOLVI·:!) SOLVED CIFiC NON- SODIUM

SOLVED 50LVI':D SOLVED SOLVED NITRITE (JwrHC) DIS- SOL]llS so\,rllS CON- CAR- AIJ- ACENCY

I) 1C,\I{- CAI{- SLJ1.- CIILO- FLUO- NI- PLUS PHOS- 1'1I0S- SOLVED (RE,; 1- SUM OF DllCT- IIARIJ- BONATE SOI{P- AN,\-

I~( IN.\TE lH):--JATI': [,',\'1'1': RIDE RIIJE TI{Xl'E NITRATE PilATE PilATE BORON DUE AT CONSTl- ANCE NESS HAJ{D- nON PH LYlINC

(ileo l) (COl) (so.'! ) (CL) ( F) (NOI) (N) (PO', ) (P04) (B) 180 C) TlJENTS (MICRO (CA,Me) NESS RATIO SM1PI.E

UiC/I) (MC/L) (~C/L) (Me/I.) (He/I.) (Me/I.) (Me/I.) (Me/I.) (MeIL) (ueIL) (MG/L) (Me/I.) MIlOS) (~IGIL) (MG/L) (UNITS)

')})b 1000 284 2260 3Y I 0 470 0 6.7 7.0 CI

I YSO 28 O. !~ 0.04 200 1630 2020 1000 780 1.6 C5

IHH 0 3fJO IH .'1 .17 l10 872 1250 540 230 1.9 7.3 CS

I l) ~2 120 12 .3 0 50 '336 542 260 100 .5 (;S

~J ( ) :~ 1110 28 I. ') lY90 2460 1470 1250 cs

~'~ H6 III 13HO 42 1.3 .7 2'140 2150 2500 1560 1310 8.4 G5
')/I')() 0 32') h l!~O 15300 18300 611 0 7.7 SO

'IOilO II 124 60HO 14000 22500 1040 0 7.0 SO

\'36 I'! 9£, II. " 2. I {,28 1<'17 701J 'l40 43 .8 B.5 GS

}12 0 2fdO FlI.OO 3600 123000 5100 5000 268 7.7 Bfl

:UH 0 142U .1+5 2.8 2 ',20 2210 24 JO 1650 1460 .4 7.7 es

29'\ 0 5111J 850()1I 1511000 147000 162000 2170 1900 296 7. I ce

I,OB 0 '1YOO 1115 .2 41 h'lOIl 56411 3840 35111 2.4 7.h (;5

F)') 0 19811 l6 1.4 42 ]500 3160 2130 19311 I 7.8 GS

20511 3;'811 3150 2200 .7 CS

')2 0 1470 2'l .4 2:'70 2140 2250 1450 1410 .8 7.3 CS
"j ..\6 0 120 1251100 210000 155000 47000 1,7000 137 7.0 CL
II J 1 0 78!j() 7HOO 241,00 24300 30600 3900 3500 50 7.6 CC

439 0 3810 1')000 32000 30300 42300 4400 4100 64 7.6 cc
19') 60 ')880 940() 241,00 23900 33300 4000 3800 4Y 8.6 CG

J!IO JY,\ 26 944 827 1590 hhh 390 7.5 CG
'j 27 0 4250 5Ldi00 100000 94700 125000 8700 8300 156 6.9 u;
ISIl 0 !~ () 20 21000 42300 40600 550110 4200 3900 92 7.6 CC

1340 0 2151l 638 1000 5300 SI.hO 6261l 2200 1100 7.3 SII
l(l/IO 0 2930 51 H 2000 5~i 70 6450 6570 1480 140 7.4 SIJ

28h 92 26 ·182 8. !~ UII
:. ~~ ()n 279 2150 5130 12. I UII

r)()o 1460 10501l 30200 7.5 1I1i

\L18 14 10 IIlO 1.2 1.1 280 21,40 2390 2840 1640 1350 1.4 7.8 CS

I'll 1')IlO 160 .4 .01 .03 300 2630 1800 1500 1.4 CS

!d),) 15111l 150 .1, 0 0 2YO 2600 l051l 1700 1400 1.5 6.7 CS
;, 19 2YOO 85 .1. a 860 4250 4550 2600 2/.00 1.9 CS
IO'l "39() 6')0 ./1 0 100 1810 ']040 750 500 5.9 C~

181 700 19 .3 .52 0.06 160 1160 1550 610 4hO 2.5 7.J CS
1550 CS

}O4 0 1390 12 h.9 2020 2/~OO 1520 1350 CS
2W) 3 13YO 12 .9 6.LI 2:~ 10 12')0 :~'3)O 1500 1320 .8 8.3 cs

1120 2'100 2'180 1540 .5 cs
190 1500 10 .8 I. 80 .03 270 2180 }!j{)() 1600 1500 .5 7. r) cs
4HB 30CII) ,,040 ITIOO 12800 Inoo 3900 J51l0 7.5 cc

7 l2 0 1211 4261l 6Y90 13500 4200 3hIJO 6.0 cc
\90 0 {.oo 13600 21200 38')00 10000 9900 IY fl.ll u

1710 0 680 80YO 14YOO 26'lOO 5000 3600 24 ( I

III 1'l 5.2 .2 0 .1) {IO JOI 500 260 '} .2 (;S
'j{)() 4fn l8 1.1 .1 0 201l 1132 1640 265 0 7.8 h ,h III

h!f 0 ·1111111 150 .8 .06 .03 2600 41.80 4680 2100 LOOO ').2 7.8 c:-;
5000 cs

i-L~ 0 !dll{) 5000 .(M .06 781l1l 14100 ]flf)OO 2700 2hll0 J4 7. h cs
22000 cs

7000 cs
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Table l3.--Selected chemical analyses of water samples from

LOCi\TION

illiTE
OF

SIIMPLE IlISCIIII~GE

(GilL/MIN)

TOTIIL
IlEPTIl

OF
WELL
(FT)

IlEPTH
TO TOP

OF
SIIMPLE
I NTEK

VIII,
(FT)

DEPTH
TO BOT
TOft OF
SIIMPLE
INTER- GEOI.OCrC

VIII. UNIT
(FT)

TEMP
ERII
TlIRE

(DEG C)

DIS
SOLVED
SI L1CII
(S IOL)
(MeIL)

D15
SOLVED

II!ON
(FE)

(UG!L)

DIS-
SOLVED

CIIL
Clml
(CI\)

(MC/L)

D1S-
SOLVEO

HAC
NE
SIIJII
(MC)

(fie/I.)

DIS
SOLVED
SODIUM

(Nil)
(lie/I.)

III S
SOLVED

SODIUH
PLUS

POTi\S
SI Dil

(Me/I.)

DI S

SOLVI':D
POTI\S

SJU:-1
(K)

(Ne/l)

(11-21-7) 7hce-2
17belb-SI
2 3acd-S I

(ll-n-8)6hael-SI
lIelac-SI

Sl'p. 2, 1Y77
Oct. J, 1975
(}et. 4, 1975
St'p. 26, ]975
IIpr. 19, 1972

950 735 950 nONVIO 1,.',
1IIII1.VM
llllllWl
220NV,IO
221CI!MI.

5.J
2/~

21,
17
11

so

o

750
552
5'16
552
268

250 26000
] 2 2 560
154 840
54 310
68 1275

20
12
IH
12
12

I Ielca-S I
Ildca-S2
12chel-51
12cca-S1

Sl"p. 4, 1975
Scpo 4, 1975
IIpr. 19, 1972
Nov. 11, 1975
Nov. 21, 1975

E.I

E.l

17. I

221CHML
221CRML
221CRMI.
221CRNI. 15.0

14.5

II
9.8

o
20

'342
270

74
bl

1/~4()

1300
12
8.9

(1l-27-11)34dca-1

Nov. 23, 1975
Dec. 2, 1975
Nar. 17, 1976
June 28, 1952
Hay 29, 1962

16

20
638
638

393
393

14.5
14.5
16.0

638 221CRML
638 18.0

13 130 5.3 I 160
1070

34e1dh-l

(1l-27-12)9aac-l
(1l-27-13)8e1bc-1
(1l-27-13)30abc-1

.June 28,
lIug. 6,
Feb. 17,
Nov. 1,
Mav

1952
1976
1959
1944
1962

34
602
750

6430
795

7664

605
6210

6549

602
750

6430

6685

221CRML
220NVJO
33011551'
220NVJO
330IlSSI'

18.0
14
10

3000
1,20

o

10]
130

1140
62

400

7.1
53

337
46

535

920
864

16'W
17

30m

11

36celc-1
(1l-2 7-14) 5acc- 15

5bca-1
17cch-1

(1l-27-15) 32aelh-1

35bcc-l
(n-27-16)20helc-SI

33ach-l
(D-28-7) 11celb-Sl

27celb-1
36bhb-l

(1l-28-8) 5abel-Sl
29celc-l

29dch-l

Dec. 20, 1958
July IS, 1934
Dec. 5, 1955
Oct. 12, 1959
Oct. 8, 1960

Ilec. 23, 1960
Oct. 18, 1956
Nov. 12, 1969
Nov. 7, 1961
July 17, 1975

Nov. 20, 1975
Julv 17, 1975
SIc'p. 28, 1975
Au~. 7, 1975
lIug. 28, 1975

June 15, 1977
Nov. 26, 1973
Jan. 22, 1974
Feb. 9, 1974
Oct. 4, 1974

E3

E300
1.9

60
55

80
E1350

280
3110

6820
650

5940
6523
8096

8096
5534

6867

2<153
800

764

597
695
761

6712
580

2142
2731
2330

5900
5170

5894

1990
726

72D

560
679
679

6820
650

2256
2826
2366

5990
5410

5994

2353

764

597
695
761

330M5SP
221CRflL
23lflBCK
310WTRM
310WTRII

33mlSSP
33011551'
231KYNT 15.5
330MSSP
22151.\15

220NV.lO 16.0
22151."5 14.5
1l111LVM
220NV.lO 17.0

17.0

17 .0
221CRML
220NVJO

24.0

8.5

21

12
8.3

21

10

17
14
12
13

o

o

o
10
o

20
40

1800

70

1200
216

34
496

1200
1920

30
1200

230

110
11

564

140

700
420
300
284

512
150

27
272
760

1760
o

26
438

51

48
4.1

66

37

240
120

96
88

4000

4.1

430

Ll
450
400

460

460
530
480
494

16
1880

901
108

7180
3130

91 I 0

130

\.7

7.3

1.7
11

4.2

6.3
6.3
h ')

IL 4

33bbb-l

33cdd-IS
(1l-28-1I)5celh-1

lOdac-l

15belc-l
16bdd-l
16cha-}

16dac-l

lIug. 21, 1975
Ilcc. 29, 1975
lIug. 21, 1975
F('b. 15, 1961
Oct. 16, 1968

Il('c. 6, 1975
July 20, 1%5
May 28, 1969
July 26, 1976
Nay 19, 1955

E500
2800
E200

1250

1350
7301

170

290
392
407

340

700
750
756

HOO

402

305

1250 220NV.lO

1296 220NVJO
7301 330llSSP

221ENJ(D

221ENRD
221ENRD

407 221ENRD

340 221ENRD

17.5
17.5
17.5

9.6
8.8
9.6

10

13
14
14
12

7.5

630
690

2700
72000

o

140
o

1600
o

94
80

]]0

600
24

]]

80
99

100
21

71
26
52

416
8

5
25
35
3h
o

780
810
]]0

120

120
237
220
230

1170

17')

I,J
J..7
3
3.1

16dad-1

HRV

Jan.
~1ar.

,Jan.

Sep.

29, 1962
7, 1964

10, 1976
31, 1964
13, 1965

13

350 327 346 221ENRIl

11. 0
11.0
15.5

14

11

50

11
270

15

II

8 130

120

III
1.5

1.7

16dca-l

16e1dh-1

lunf' 10, 1975
ScI'. 27, 1944
~lar. 16, 1947
Nar. 16, 1947
Dec. 11, 1951

340 221ENRJ)

221ENRil

124

13

]6 o

19
22
15
10
18

5.3 120
4.6

14
8.7
o

11)
11')

Ie:
I .~h



water wells, springs, and petroleum-test wells--Continued

1\ 1C,\\\

l\\lNi\'n:

( IIUll)

Ule/L)

<:AR
BON/\TE

(COJ)
(fIG/I.)

1)[ s
SIILVI':!)

SIIL
10'1\'1'1':

( SOl.)

(fie/I.)

I) rs-
SOLVED

UILO
I{ IIlE
(CL)

(Me/I.)

j) I S

SOLVEIl
FU:O

Rill I'~

(F)
(MeIL)

I) I S-
I) [S- SO],Vl'])

SOLVEIJ NITRITE
N[- PLUS PHOS-

THATE N ['['RATE PHi\TE

(N03) (N) (POI,)
(M(;/L) (MC/I,) (MeIL)

IlIS
SO LV I-:D
()]{THO

1'1l0S
PilATE
(P04 )
(Me/I.)

III S
SOLVEIl
BORON

(B)
(Ue/L)

Il I S
SOLVEIl
SOLIIlS
(RES 1

IlUE AT

ISO C)
(Me/I.)

IlIS- SI'I':-
SOLVED CfFIC
SOLIIlS CON-
SUM OF DUCT-
CoNSTI- ANeE

TUENTS (M I CRO
(Me/I.) MilOS)

NON
CAR

HARIl- BONATE
NESS IIARIJ

(CA,MG) NESS

(fIG/I.) (MG/I.)

SOli I liN
AII

SOI{P

TION

RATTO

/\(;E;,\;CY

AN,\
PII LYZINC

SM1PLF
(UNITS)

!OH

171111
~2H{)

28 III
:!.O')()

o <J8'1

400011
'j))

512
37

1H50

O. I
.h

.7

.2
.'S

.4
• h .10

o 290
4/.. 0
h40
270
350

'1910
5)00
]]90

70AOO 82000
4A40
hOAO
')740

4810 7370

2900
1880
1970
lbOO

950

2800 210
5.0
8.2
'l. 4

780 18

7.0
8.1
8. L
7.2
7./.,

CS
LA
I,ll
1.11
lill

o 1211S
o 11100

2090
1900

, h
.r)

.6
o

o
.18

410
310

4400
5500

5500 8080
4hhO 7500

IlhO
930

970
740

18
19

7.S
7.A

CS
CS
UII
(;S
(;S

I IS2
17H

nh
() 2!~q

17S0
17S0

'1560
3120

7500
7bOO
7090

6200
346
590 19

CS

cs
CS
1I11

8.0 C5

I'll
119

l(l/()

3(1f!
"i j 7

:!H I
o II

}!,hO

b r
)

'3:.:!fj

lliJll
yt)')

5115 YHS
o 291111

120 1780

1220
17011
2940

9
h4hO

711111
I h

h20
199
600

.7 6 ')

.01 .03 ISO
2no

9590

17!,OO

5Y70
6010
]470

29)0
90')0

380
11000

16400
1460
4980
5380

5290
12400

h70
20400

22700

7330
8730
4300

282
550

4200
344

3200

5100
1160
200

2400

120
400

1400
44

2800

4600
1000

o
IJOO

17

24

7.6
7.0

h.O

7.4

8.6
6.0

10.5

[Ill
(;S

CC
C5
CI.

en
CS

CG
CI.
RM

279
174

300

o '3H!dJ
o 3~!.d)

() 1ft
o 22(J()

111111

o L~()

II 7711
'21 SII

155110
5510

6.2
15'1II0

71

9.7
54
')h

4hO

Lh

1.1
.4

.4

.4

II
.111

.111

.03

o
o

.03

lhO

530

50
250
250

250

30500 30000
14100

200 IA9
28700

2250

hS'J
1390

3550

1900

14300
353

44400
2960

973
2050
3740
3000
2700

10000
4800

180
4800

780

520
44

Ih80

500

9800
4300

19
4100

560

290
o

260

20
.1

57
6.7

.1,
29
4.2

8.9

7.3
5.0
7 ./~

7.0

7.4
A.O
8 ')

7. I

<:1.
CI.
G5
CI.
CS

CS
GS
1.,\
(;S

GS

121
191

2JI

o 2000
o 13110
o 10011

111711

111111
8hll
h80
h2.7

•H
· h
.7
· ') .2

.114

. 12

.01
.03

. 18 470

.03 480

.09 350
280

4580
'1350
2690

'J74h

2550
54hO
4440
3920
4200

2700
1500
1100
1070

2600
1400

960

3.8
').9
6.2
h.b

7. ')
7.5
7.1,
7.8

CS
GS
(;5

CS
LA

!8h
2<,)6

225
1950

227

o h911
II 500
II )80
o l?OO
I I))

850
870
Ilil

21 J()

IL

.f.

.S

.2

.4

.112

.112

.01

.10

o
.03

o

520
530
60

240

2640
21,')0

933
7540

1.84

4000
43AO
1400

10500
775

530
'11 0
490

3200
94

290
66

310
1600

o

IS
20
2.6

5.4

7. J
7.1
7.0
7. ()
8.0

o 1111
I ')S I
1 75H
o no

IhS

2.7
12
21
7.h
h

· !~

.2

.2

.2

.4

II
o

.02

.41

o
.70

o

.03

230
260
350
920

3S0
1058
1308
1200

1J90
1980
1')50

48
301
390
400

54

o
ISO
260
270

o

7.5
5.9
4.8
5

7.1 C5
7.8 [:11
S.O PI!
7 .!~ CS

[If!

IH
!lIl

18
I"

4 '~

1119

I 'W

119
1111
119
I (It)

4.5
9

j. ')

3
8

.4

.f,

,7
.7

o

')(}

.5

.1

.1

.o:!.

II

.hS

.03

125

190

170

ISO

1,24
42h

405
397

j81
lAO

h9,2
605
700
6bO
650

h r)?
619
617
')HR

h7
70

50

h9
74
95
h]

43

o
o

o

II
I]

o
o
o

7. I
h.7

7.5

h.3

A. "
8.2

r;s
III
cs
I'll

I'll

cs
cs
(,S

CS
l'll



Table 13.--Selected chemical analyses of water samples from

D~:PTH DEPTH DI S- OI S-

TO TOP TO BOT- lJ[S- SOLVED SOLVEIJ D!S-

TOTAL OF TOM OF DIS- DIS- SOLVED MAG- IJIS- SO])Im1 SOLVf':U

DATE DEPTH SAMPLE SAMPLE TEMP- SOLVED SOLVED CAL- NE- SOLVED PUIS prJ'I'AS-

OF 01' I NTEK- INTER- GEOLOGIC ERA- SILICA [RON C!lJM SlUM SOIlIUM POTAS- S IllH

LOCATION SAMPL~: DISCHAHGE WELL VAL VAL [INIT TURE (SI02) (FE) (C,\) (MG) (NA) SlUM (K)

(GAL/MIN) (fT) (FT) (ET) (nEG C) (Mc/L) ([Ie;!L) (MC!L) (MG!L) (MG!I.) (fIG!L) (MC!L)

(1l-2R-ll) 16ddb-l May 29. 1962 124

17ahd-1 Har. 13. 1965 503 221ENRIJ 15 10 1 ')R 49 275 II. ')

21ahd-l .lillie 10. 1975 361 353 36] 221ENRil 12 9. H 2.8 110 [.!

([)- 2R-12) 27 add-S I Sep. 20. 1976 220NV.l0 7.3 °lO 3i, 36 61 '). ~

(1J-"H-1 1,) need-Sl Hav 1957 < I 221CRMI. 11. 0 14 10 547 102 20 4. 1,

(1l-2H- IS) 2ldbb-S I Hay 2l ~ 1957 221CRHL 12.0 18 10 96 tl7 83 'j. :2

29ddd-SI Nov. I. 1944 < I 221ENHO 79 30 II

(1J-29-3)14beb-SI Hay 2. 1962 120TRTR 9.0 ]2 22 7.8 r).1 1.8

Scpo 27. 1962 9.0 3D 2H 7. ] b.S
Oct. II. 1966 10.0 28 21 9.2 ') . !~

Oct. 29, 1976 9.0 20 10 22 8.2 6 1.9

(IJ- 29-1,) 7bde-l Aug. 12. 1966 100VI.EL 8.5 14 30] 140 861

(IJ- 2 9-6) 2'lbbb-SI Oct. 3. 1951 EI0 230MNKP 43 215 ]2 70
(1J-29-7) 15dbd-l Scpo 12, 1977 E150 261 37 26[ 200HSZC 26 150 330 64 ').')

S,'p. 12. 1977 E200 ]]0 J30 ]/... 0

SL~P • 13. 1977 30 460 460 14.0
Sep. 13. 1977 43 220NV.J0
S('p. 14. 1977 38 200MSZC 14.0
Sep. 14. 1977 240 220NV.lO 14.0
Scpo 15. 1977

12
]/LO 11 ')000 100 45 12 L1 • /~

18bdd-Sl May 13. 1976 220NV.JO II 940 170 65 24 10
(1l-29-10)8ecb-l July 16. 1958 4750 4790 327SNHD 50 19 1510

Ju]y 18. 1958 4840 4868 110KIB8 5')0 154 !~6 7

.July 22, 1958 5107 5159 3100GRK 726 90 669

.July 29. 1958 6035 6060 310HLCT 456 1]9 895

Aug. 28, 1958 n90 7470 324PRDX 375 108 1260
S-ep. 8. 1958 7920 7953 331L1lVL 1040 242 1680

22ceb-Sl July 2.5. [975 EI 221FRRN
June 15. 1977 1 20.0 17 50 87 I') 27 I.]

(1J-29-11)2aac-l ])ec. 22. 1958 2847 2695 2783 310KIBB 99 31 21 ](1

!lee. 23. 1958 2787 2847 310\olTRM 102 ]8 206()

36daa-l0 Scpo 22. 1976 E20 500 312 500 221ENRD 7. ') 110 120 70 460 7.6
36ded-l f)ec. 21. 1976 4000 221ENRO 4 400 352 114 2020 10

([}-29-[2) 33acd-IS Ft'h. 9. 1959 1.6 6584 2162 2178 2JOMNKP 25000 896 439 1)90
[)l"C. 1970 2262 2320 310\,TRM

Sep. 28. [971 2245 2161 2190 23011NKP 0 284 185 1120 180
33acd-2 Aug. 9. 1976 E200 510 180 510 220NVJO 16.5 II 70 59 31 26 7.5

(n--29-13) 7abc-S 1 Sep. 21. 1976 220NVJO 16.5 9.3 290 35 47 41 8.6
(IJ-29-15) 14dbb-Sl May 22, 1957 .5 220NVJO 9.0 8.6 10 28 22 4.8 2.1

20add-l Oct. 4. 1958 6886 6685 6846 330MSSP 4000 2100 471 30000 218

(I}- 29-16) 28cbe-l Nov. 5. 1973 2750 310CTLR 14.5 8.9 70 270 53 180 52
(IJ-10-l 0) 1 3be b-Sl Oc t. 7. 1976 llOPTOO [4.0 22 <0 80 16 24 .8

20aca-Sl Oct. 6, 1976 111CLVM 12.5 27 20 110 23 45 .1,
23ebb-SI Aug. 28. 1976 200tINCS 13.5 15 82 18 40 1.5
25bba-Sl Aug.. 27, 1976 llOPTOD 17.0 20 lln 21 ]6 .6

25beb-Sl Aug. n. 1976 1] llOPTOO 15.0 17 90 16 23 .''J

3Jedh-Sl July 26. 197') F.l SO 200MNCS 8.0 13 52 5 6 .'"j
(Il- 30-11)5dbc-S 1 Aug. 3. 1976 llOPTOIl 2'J. a 21 89 18 ]9 1.[
([)- 30-13)4dcb-l Sep. 1. 1971 6128 2192 2240 310\olTRM 0 720 188 637 104

Sera 2. 1971 5540 5610 327PKRT a 1940 721 41500 !~ 20

Sep. 3. 1971 6043 6129 J30RDLL n 1330 361 7340 r;o
']Oead-Sl .JulY 28. 1975 22lENRil 27 .0 14 22 14 9.4 Lfl

(0-JO-15) l3ebd-1 June 29. 1966 760 720 760 310WTRM 8.3 40 35 27.'
23dbe-l June 29. 1966 1618 750 1615 310\olTRM 6.4 80 8H 109

(n-J()-16)]aab-Sl May 1957 IllALVM 9.5 8.9 0 4°] n 11 l. r
l

Sep. 3. 1969 .7 15.5 11 1,0 64 26 54 2.1
(0-]I-7)"l6dad-S1 Aug. 29. 1975 2305 ')80 1140 220NVJO 17. ') 9.6 30 32 20 6.5

36dad-1ll nee. 23. 1908 243 6648 600 2446 200MSZC 0 144 'lO 62
Jan. 13. 1969 3414 3417 110KIB[1 0 9] 21l 46

(1l-']I-B)9aad-1 Feb. 1969 l11AI.V~1 20 14 C
)

on 15
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water wells, springs, and petroleum-test wells--Continued
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Table l3.--Selected chemical analyses of water samples from

DEPTH DEPTH DIS- III S-
TO TOP TO BOT- DIS- SOLVED SOLVI,;IJ III S-

TOTAL OF TOM OF DIS- DIS- SOLVED MAG- DIS- SODIUM SOLVE))
IlATE DEPTII SMIPLE SAMPLE TEHP- SOLVED SOLVED CAI.- NE- SOLVED PUIS POTliS-

OF OF INTER- INTER- GEOI,OC IC ERA- S ILICA [RON CIUM SLUM SODIUM POTAS- S Tt!M
LOCATION SAMPLE III SCHAI!CE WELL VAL VAL UNIT TURE (5102) (FE) (CA) (MG) (NA) SlUM (K)

(CAI.!I!I N) (1''1'1 (1''1') (FT) (DEC C)(MC/L) (UC/L) (MG/L) (MC/L) (MC/I,) (l.IC/ I.) (MUl.l

(1l-31-8)24caa-SI Aug. n, 1975 211 EMRY 15.0 8.9 140 120 74 /~ .]

Lldah-Sl JlIly 22, 1975 211nlRY 9.8 200 140 2'jO /.1

Aug. 22, I 'J75 < O. I 19.0 10 160 160 2M) h.h

(Il- ') 1-9) 18adc-Sl July 31, 1975 200MNCS 25.0 19 150 67 62 .R
(IJ-\I-I 0) 14 hdc-S I July 22. 1975 200MNCS 5.0 12 64 10 6.9 .s

July 2Q, 1975 9.0 II 07 11 0.7 .5
Aug. 29, 1975

20hhd-S I July 3D, 1975 67 IIICLVM 5.5 ]) 1.9 h _ / .3
29hdb-SI July 29, 1976 111CLVM 7.5 II " } ..'~ 7.3 .5
)Oaaa-S 1 July 29, 1976 l11CLVM 8.0 11 50 0.9 7.6 .'>

30ada-Sl Julv 29, 1976 221FRRN R.O 9.5 72 16 8.2 .8
3] abb-S I July 22, 1975 211FRRN 16 1I0 ')0 17 1.1

July 30, 1975 9.0 ]5 no ')2 16 1.2
31alla-SI July 22, 1975 200HNCS 15 110 27 14 1.4

July 30, 1975 no 8.0 15 100 28 14 .8

32hch-SI July 30, 1975 E5 200HNCS 7.0 14 120 58 31 2.5
(Il- 31-11) 1 hdc-S I Aug. 1, 1975 E3 221HRSN 24.5 12 170 37 21 2.9

27ddd-1 Nov. 27, 1961 6683 6600 6683 330HSSP 1180 227 2250
(1J-31-12)4hah-l ,Iuly 28, 1975 450 220NVJO ]() 26 43 18 '3.9
(1J-'ll-1 »9hcd-Sl .June 20, 1957 23lHNGT 17.5 9.1 0 25 28 46 8.5

July 26, 1976 4. I 19.0 8.9 40 25 30 1,7 ~ .fl

(D-1L-8) 2lbda-Sl Ser· I, 1976 211EMRY 20.0 13 220 150 270 H. r)

(D- 32-(0) 8hdc-51 Aug. 14, 1975 Ll1Cl.VM 23.0 20 60 11, n .2
8chd-Sl Aug. 14, 1975 IllCLVM 13.0 21 180 58 37 .3
18cba-Sl Aug. 14, 1975 <'l 200l1NC5 15.5 8.1 430 460 1000 26

(1l-l'J-8) 2ccd-S1 Aug. 13, 1975 EIO 211MVRD 14.5 7.8 200 80 28 4.1
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water wells, springs, and petroleum-test wells--Continued

Il [S- illS- [}[S- I)[S- SPF,-

111S- Il [S- I) lS- I) I S- SOLVED SOLV[,[) SOLVE]) SOLVEIl C[FIC NON- SOlliUM
SOI,VI·:1l SOLVED SOLVED SOLVED NTTHTTF. ORTIlO IJ rs- SOl-IllS SOLIDS CON- CAR- AIl- M;E~CY

1) 1l:,\I{- Ci\I~- SU[,- CIIUl- FLlJO- N[- PUIS PIIOS- PIHlS- SIlLVEIJ ([{ES1- SUM Of IlIICT- IIA[{[)- BONATE SO[IP- ANA-

JIO)\;/\TE 1l0NATE FATE [{[Ill. [I [Ill. T[0\T!, NITRA'n: PilATE PHATE BO[{IlN [Jill. AT CONSTT- ANCE NESS Hl\lW- TIIlN PH Ln[NC

(111"11 (C03) (SO!I) (CL) (f) (N"l) (N) (P"',) (P04 ) ( B) IHO C) TUENTS (MICRO (CA,fIC) NESS [{ATIO SMIPLF

«I(,/[,) (MC/[,) (fll;/[, ) (fIC/L) (M(;/L) (fI(;/L) (fIC/L) (fIC/L) (MG/L) (llG/L) (fIe/L) (fIG/L) MIlIlS) (fIe/L) (fIG/L) (UNITS)

111ft h ]0 II 0.2 0.02 0 110 121,0 1110 I SOO 8!,O 5')0 1.1 (;s

16H 1200 20 .3 .05 .03 20U 1990 2580 1100 no 3.1 (;S

IHII 1200 19 .2 .02 0 210 2220 1990 2S00 1100 11,0 3.2 es

0 520 29 .5 0 .01 .03 110 IOSO 971 ll50 fJr)() 450 1.1 es

III, 61 3. I .2 .11 • ()J 'jO 244 314 200 58 .2 CS

[ 7H fJh .2 .2 .06 0 )0 2h I 252 fdO 210 6 I .2 I;S
(;S

ISO I', 2.') .2 0 .01 .03 )0 IH9 18h 340 1(,0 20 .2 cs
llfY h/l 2.1 .2 . h .15 0 30 2;~() 224 350 170 51 .2 es
1,~ 7 6/~ 3 .2 1,2 .29 0 10 216 223 140 170 4H .3 c;s

:)()') BO 2.B .2 .3 .OY [) 30 2!I') 291 4hO 2'jO 7B .2 cs
:'.67 IBO 6 • J .n .03 hO 49J 7HI 11 00 I f10 .4 cs
271 1()() 4.9 .3 1.1 .2) [) SO ')!,2 ')Ob IS[) L,lO IBO .1 CS
~!) lJ 200 1.1 .:l • ')2 • ()J hO 491 !30 1'10 190 .3 (;S

ln 190 '2.7 .1 '2.3 ,')'3 .03 20 1+99 1,68 7M) 170 110 .3 cs

)()l) 290 12 .1 .8 • 19 .03 70 123 681 1050 540 2YO .6 CS
194 L1:!.O 10 .3 0 .03 10 [n!~ 169 1025 5RO 420 .4 (;S
'))r) 0 2240 4260 IISOO 10400 14500 3YOO 3400 16 I. R C(;

}/j 5 [,7 I.n .2 0 .01 .03 30 JOS 2YI 510 2L,n 41 .5 es
~ 7C) I+(j 12 .j 3.7 60 '3(J') 312 52R 176 0 1.5 7. " cs

',0 12 . S 1.20 0 YO 323 550 1'10 0 1.5 -; .h r;s
/,79 l/lt)() 22 .4 .02 0 270 2/.60 2:l20 2915 1200 770 3.4 7.1 r;s
.:22 ](j 4.8 .'j .OJ · On 210 265 259 11 /,0 ~) 10 25 .1 CS
.! }O ')00 }I, ,I. .01 .03 SnO 997 944 1250 nYO 410 .6 r;s
11 2.3 4(,00 f+O .3 .06 .0') 410 7660 6180 hSOO :lOOO 2600 R r;s
:.! r)h 620 15 .'1 .05 .03 120 1 [20 10RO 1500 8'jO 620 .I, es
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Table l4.--Selected analyses of

[See table 13 for analyses of major constituents and explanation
Specific conductance: In micromhos per centimeter at 25 OC.

DISSOLVED
SOLIDS (MG/L) SPE-

AGENCY ------------- CIFIC --------------
DATE ANA- (RESI- SUM OF CON- ARS-

OF GEOLOGIC LYZING DUE AT CONSTI- DUCT- ENIC BARIUM
LOCATION SAMPLE UNIT SAMPLE 180 C) TUENTS ANCE (AS) (BA)

(D-23-10)28DBB- 1 JULY 0,1961 330MSSP CL 2260 3910 0
(D-24- 5)13BCD-Sl SEP. 29,1976 211FRRN GS 872 1250 1
(D-24- 8)25DCD-Sl OCT. 7,1975 230MNKP GS 336 542
(D-24-14)10AAC- 1 OCT. 7,1972 330MSSP BM 123000 87000
(D-25-15)15ABD- 1 JULY 23,1963 324PRDX CL 210000 155000 0

(D-26- 7) 19BBD- NOV. 14,1960 300PLZC CL 5300 5460 6260 0
NOV. 15 330RDLL CL 5570 6450 6570 0

(D-26- 8) 6AAB- 1 JUNE 26,1969 220NVJO GS 2640 2390 2840 0
(D-26- 9)16BBB-Sl OCT. 7,1975 231WNGT GS 4250 4550

21AAC-Sl OCT. 8 220NVJO GS 1810 3040

24DBC- 1 AUG. 29 221SLWS GS 1160 1550
(D-26-14)30CDB- 1 DEC. 27,1961 330MSSP CL 6990 13500 0
(D-26-17) 5CCC- 1 JAN. 12,1962 330MSSP CL 21200 38500 0

JAN. 19 330MSSP CL 14900 26300 0
(D-27- 6)23CBA-Sl MAY 22,1975 221SLWS UH 1132 1640 . 0 0

(D-27- 7) 7BCC- 2 SEP. 2,1977 220NVJO GS 70800 82000 100
17BDB-S 1 OCT. 3,1975 111ALVM LA 3910 4840
2 3ACD-S 1 OCT. 4 111ALVM LA 5300 6080

(D-27- 8) 6BAD-S1 SEP. 26 220NVJO LA 3390 3740
llDAC-Sl APR. 19,1972 221CRML UH 4810 7370 o· 0

12CBD-S 1 APR. 19,1972 221CRML UH 5500 8080 10 4000
(D-27-11)34DDB- 1 AUG. 6,1976 220NVJO GS 2930 5290 0
(D-27-13)30ABC- 1 MAY 0,1962 330MSSP CL 11000 20400 0
(D-27-14)17CCB- 1 OCT. 12,1959 31m.JTRM CL 6010 5'380 8730 0
(D-27-15)35BCC- 1 OCT. 18,1956 330MSSP CL 14100 14300 0

(D-27-16)20BDC-S1 NOV. 12,1969 231KYNT GS 200 189 353 10
33ACB- 1 NOV. 7,1961 330MSSP CL 28700 44400 0

(D-28- 8) 5ABD-Sl SEP. 28,1975 l11ALVM LA 3550 3740
29CDC- 1 AUG. 28 220NVJO GS 1900 2700
29DCB- 1 OCT. 4,1974 220NVJO LA 3746 4200

OCT. 30 220NVJO LA 3880
33BBB- AUG. 21,1975 220NVJO GS 2640 4000

DEC. 29 220NVJO GS 2450 4380
33CDD- IS AUG. 21 220NVJO GS 933 1400

(D-28-11) 5CDB-l FEB. 15,1961 330MSSP CL 7540 10500 0

10DAC- 1 OCT. 16,1968 221ENRD UH 484 775 0 0
16BDD- 1 JULY 20,1965 221ENRD UH 1058 1390 10 60
16CBA- 1 MAY 28,1969 221ENRD UH 1308 1980 10 0
16DAC- 1 JAN. 7,1964 221ENRD UH !,26 605 0 60
16DAD- 1 JAN. 31 221ENRD UH 405 660 0 50
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trace elements in water samples

of location, geologic unit, and agency analyzing sample.]

DISSOLVED TRACE ELEMENTS (MICROGRAMS/LITER)
------------------------------------------------------------------------------------------

CAD- CHRO- LITH- MER- MAN- MOLYB- SELE- STRON- VANA-
MIDM MIUM COPPER LEAD IDM CDRY GANESE DENUM NICKEL NIUM TIUM DruM ZINC
(CD) (CR) (CD) (PB) (LI) (HG) (MN) (MO) (NI) (SE) (SR) (V) (ZN)

0 0 50 0 0 1400 10
0 10

430 2000 2000 21000 290

20
1
o

2

o 50
10
10

o

56

10

10 0 60 10 0 10 0 50

1 0 5 5 0 200 0 5 1 4900 170 390
0
0
0

0 0 0 0 0 20

0 0 2 20 ....- 0 10
0 11 20 0 1900 7 110

10 10

0
0 60

18 120

7 9 20 120 5 10 1800 80
1 50 1500 4

50 0 1300 3
4 130 1400 1

0 0 0 0 0 0 70
0 0 0 0 0 0 120
0 0 0 0 0 0 160
0 0 0 0 0 0 30
0 0 0 0 10 0 40
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Table l4.--Selected analyses of trace

DISSOLVED
SOLIDS (MG/L) SPE-

AGENCY ------------- CUIC --------------
DATE ANA- (RESI- SUM OF CON- ARS-

OF GEOLOGIC LYZING DUE AT CONSTI- DUCT- ENIC BARIUM
LOCATION SAMPLE UNIT SAMPLE 180 C) TUENTS ANCE (AS) (BA)

(0-28-11)17ADB- 1 MAR. 13,1965 221ENRD UH 1700 2140 30 10
(0-28-14)22CAD-S1 MAY 0,1957 221CRML GS 2560 2390 2470
(0-29- 7)15DBD- 1 SEP. 12,1977 220NVJO GS 2045 300

SEP. 15 220NVJO GS 553 765 8 100
(D-29-11)360CD- 1 DEC. 21,1976 221ENRD UH 7230 7420 7920 2 0

(0-29':'12) 33ACD- 1 FEB. 9,1959 230MNKP CL 9350 8540 12400 0
33ACD- 2 AUG. 9,1976 220NVJO GS 378 640 0

(0-29-16)28CBC- 1 NOV. 5,1973 310CTLR GS 1720 2330 0
(0-30-10) 13BCB-S1 OCT. 7,1976 110PTOD GS 363 546 30

20ACA-S1 OCT. 6 111CLVM GS 553 783 30

23CBB-S1 AUG. 28 200MNCS GS 387 421 680 0
25BBA-S1 AUG. 27 110PTOO GS 471 483 770 0
25BCB-S1 AUG. 27 11OPTOO GS 354 398 620 0
33CDB-S1 JULY 26,1975 200MNCS GS 204 190 320 0

(D-30-13)30CAD-S1 JULY 28 221ENRD GS 161 160 255 15

(D-30-16) 3AAB-S1 MAY 0,1957 111ALVM GS 214 205 362
(D-31- 7)360AO- IS AUG. 29,1975 220NVJO GS 188 350
(0-31- 8)19AAD- 1 FEB. 0,1969 ll1ALVM UH 760 920

24CAA-S1 AUG. 22,1975 211EMRY GS 1240 1170 1500 0
27DAB-S1 AUG. 22 211EMRY GS 2220 1990 2500 0

(D-31- 9)18ADC-S1 JULY 31 200MNCS GS 1050 971 1350 0
(D-31-10) 14BDC-S1 JULY 29 200MNCS GS 267 252 410 0

20BBD-S1 JULY 30 200MNCS GS 189 186 340 4
29BDB-S1 JULY 29,1976 111CLVM GS 220 224 350 0
30AAA-SI JULY 29 111CLVM GS 216 223 340 0

30ADA-S1 JULY 29 211FRRN GS 245 291 460 0
31ABB-S1 JULY 30,1975 211FRRN GS 542 506 750 1
31ADA-S1 JULY 30 200MNCS GS 499 468 740 0
32BCB-S1 JULY 30 200MNCS GS 723 681 1050 0

(0-31-11) 1BDC-S1 AUG. 1 221MRSN GS 814 769 1025 7

(D-31-12) 4BAB- 1 JULY 28 220NVJO GS 305 297 510 0
(0-31-13) 9BCD-S1 JUNE 20,1957 231WNGT GS 305 312 528
(D-32- 8)210BA-S1 SEP. 1,1976 211EMRY GS 2460 2320 2975 2
(0-32-10) 8BDC-S1 AUG. 14,1975 111CLVM GS 265 259 440 2

8CBD-S1 AUG. 14. 111CLVM GS 997 944 1250 0

18CBA-S1 AUG. 14 200MNCS GS 7660 6780 6500 0
(0-33- 8) 2CCD-Sl AUG. 13 211MVRD GS 1120 1080 1500 0
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INo. 1.

No.2.

INo. 3.

INo. 4.

INo. 5.

INo. 6.

No.7.

*No. 8.

No.8.

No.9.

*No. 10.

PUBLICATIONS OF THE UTAH DEPARTMENT OF NATURAL RESOURCES,
DIVISION OF WATER RIGHTS

(*)-Out of Print

TECHNICAL PUBLICATIONS

Underground leakage from artesian wells in the Flowel] 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, pIs. 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, pIs. 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, pIs. 1-10, 1950.

Status of development of selected ground-water basins in Utah, by
H. E. Thomas, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U.S.
Geological Survey, 1952.

Consumptive 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) Consumptive use and water requirements for Utah, by
W. D. Criddle, Karl Harris, and L. S. Willardson, Utah State
Engineer's Office, 1962.

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 chemical quality data for ground and surface
waters in Utah, by J. G. Connor, C. G. Mitchell, and others, U.S.
Geological Survey, 1958.
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*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. Geological 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 from 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.

Extensi ons of streamflow records in Utah, by J. K. Reid, L. E.
Carroon, and G. E. Pyper, U.S. Geological Survey, 1969.

Summary of maximum 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.
Geological 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. BoIke and Don Price, U.S. Geological Survey, 1969.

135



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. BoIke, U.S.
Geological Survey, 1969.

Water resources of the Heber-Kamas-Park City area, north-central
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, JX 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,
1971.

No. 33. Hydrologic reconnaissance of Hansel
Flat, Box Elder County, Utah, by J.
Survey, 1971.

Valley and northern Rozel
W. Hood, U. S. Geological

No. 34.

No. 35.

No. 36.

No. 37.

No. 38.

No. 39.

No. 40.

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
County, Utah, by E. L. BoIke and Don Price, U.S. Geological
Survey, 1972.

Hydrologic reconnaissance of the Promontory Mountains area, Box
Elder County, Utah, by J. W. Hood, U.S. Geological Survey, 1972.

Reconnaissance of chemical quality of surface water and fluvial
sediment in the Price River Basin, Utah, by J. C. Mundorff, U.S.
Geological Survey, 1972.

Ground-water conditions in the central Virgin River basin, Utah,
by R. M. Cordova, G. W. Sandberg, and Wilson McConkie, U.S. Geo
logical Survey, 1972.

136



No. 41.

No. 42.

No. 43.

No. 44.

No. 45.

No. 46.

No. 47.

No. 48.

No. 49.

No. 50.

No. 51.

No. 52.

No. 53.

No. 54.

No. 55.

Hydrologic reconnaissance of Pilot Valley, Utah and Nevada, by
J. C. Stephens and J. W. Hood, U.S. Geological Survey, 1973.

Hydrologic reconnaissance of the northern Great Salt Lake Desert
and summary hydrologic reconnaissance of northwestern Utah, by
J. C. Stephens, U.S. Geological Survey, 1973.

Water resources of the MHford area, Utah, with emphasis on ground
water, by R. W. Mower and R. M. Cordova, U.S. Geological Survey,
1974.

Ground-water resources of the lower Bear River drainage basin, Box
Elder County, Utah, by L. J. Bjorklund and L. J. McGreevy, U. S.
Geological Survey, 1974.

Water resources of the Curlew Valley drainage basin, Utah and
Idaho, by C. H. Baker, Jr., U.S. Geological Survey, 1974.

Water-quali ty reconnaissance of surface inflow to Utah Lake, by
J. C. Mundorff, U.S. Geological Survey, 1974.

Hydrologic reconnaissance of the Wah Wah Valley drainage basin,
Millard and Beaver Counties, Utah, by J. C. Stephens, U.S.
Geological Survey, 1974.

Estimating mean streamflow in the Duchesne River basin, Utah, by
R. W. Cruff, U.S. Geological Survey, 1974.

Hydrologic reconnaissance of the southern Uinta Basin, Utah and
Colorado, by Don Price and L. L. Miller, U.S. Geological Survey,
1975.

Seepage study of the Rocky Point Canal and the Grey Mountain
Pleasant Valley Canal systems, Duchesne County, Utah, by R. W.
Cruff and J. W. Hood, U.S. Geological Survey, 1976.

Hydrologic reconnaissance of the Pine Valley drainage basin,
Millard, Beaver, and Iron Counties, Utah, by J. C. Stephens, U.S.
Geological Survey, 1976.

Seepage study of canals in Beaver Valley, Beaver County, Utah, by
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.

Hydrologic evaluation of Ashley Valley, northern Uinta Basin area,
Utah, by J. W. Hood, U.S. Geological Survey, 1977.

Reconnaissance of water quality in the Duchesne River basin and
some adjacent drainage areas, Utah, by J. C. Mundorff, U.S.
Geological Survey, 1977.
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No. 56.

No. 57.

No. 58.

No. 59.

No. 60.

No. 61.

No. 62.

No. 63.

No. 64.

No. 65.

No. 66.

No. 67.

Hydrologic reconnaissance of the Tule Valley drainage basin, Juab
and Millard Counties, Utah, by J. C. Stephens, U. S. Geological
Survey, 1977.

Hydrologic evaluation of the upper Duchesne River valley, northern
Uinta Basin area, Utah, by J. W. Hood, U. S. Geological Survey,
1977.

Seepage study of the Sevier Valley-Piute Canal, Sevier County,
Utah, by R. W. Cruff, U.S. Geological Survey, 1977.

Hydrologic reconnaissance of the Dugway Valley-Government Creek
area, west-central Utah, by J. C. Stephens and C. T. Sumsion, U.S.
Geological Survey, 1978.

Ground-water resources of the Parowan-Cedar City drainage basin,
Iron County, Utah, by L. J. Bjorklund, C. T. Sumsion, and G. W.
Sandberg, U.S. Geological Survey, 1978.

Ground-water conditions in the Navajo Sandstone in the central
Virgin River basin, Utah, by R. M. Cordova, U. S. Geological
Survey, 1978.

Water resources of the northern Uinta Basin area, Utah and
Colorado, with special emphasis on ground-water supply, by J. W.
Hood and F. K. Fields, U.S. Geological Survey, 1978.

Hydrology of the Beaver Valley area, Beaver County, Utah with
emphasis on ground water, by R. W. Mower, U.S. Geological Survey,
1978.

Hydrologic reconnaissance of the Fish Springs Flat area, Tooele,
Juab, and Millard Counties, Utah, by E. L. BoIke and C. T.
Sumsion, U.S. Geological Survey, 1978.

Reconnaissance of chemical quality of surface water and fluvial
sediment in the Dirty Devil River basin, Utah, by J. C. Mundorff,
U.S. Geological Survey, 1978.

Aquifer tests of the Navajo Sandstone near Caineville, Wayne
County, Utah, by J. W. Hood and T. W. Danielson, U.S. Geological
Survey, 1979.

Seepage study of the West Side and West Canals, Box Elder County,
by R. W. Cruff, U.S. Geological Survey, 1980.
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No.

No.

1.

2.

WATER CIRCULARS

Ground water in the Jordan Valley, Salt Lake County, Utah, by Ted
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

*No. 1.

No.2.

No.3.

*No. 4.

*No. 5.

*No. 6.

No.7.

No.8.

*No. 9.

No. 10.

*No. 11.

No. 12.

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

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.

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

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

Selected hydrologic data, Pavant Valley, Millard County, Utah, by
R. W. Mower, U.S. Geological Survey, 1963.

Ground-water data, parts of Washington, Iron, Beaver, and Millard
Counties, Utah, by G. W. Sandberg, U.S. Geological Survey, 1963.

Selected hydrologic data, Tooele Valley, Tooele County, Utah, by
J. S. Gates, U.S. Geological Survey, 1963.

Selected hydrologic data, upper Sevier River basin, Utah, by C. H.
Carpenter, G. B. Robinson, Jr., and L. J. Bjorklund, U.S. Geo
logical Survey, 1964.

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.
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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.

No. 26.

No. 27.

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. B. 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.

Daily water-temperature records for Utah streams, 1944-68, by
G. L. Whitaker, U.S. Geological Survey, 1970.

Water-quality data for the Flaming Gorge area, Utah and Wyoming,
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 Flaming Gorge Reservoir area, Utah and
Wyoming, 1969-72, by E. L. Balke 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.

Chemical and physical data for the Flaming Gorge Reservoir area,
Utah and Wyoming, by E. L. BoIke, U.S. Geological Survey, 1976.
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No. 28.

No. 29.

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, 1911.

Climatologic and hydrologic data, southeastern Uinta Basin, Utah
and Colorado, water years 1915 and 1916, by L. S. Conroy and F. K.
Fields, U.S. Geological Survey, 1911.

No. 30. Selected ground-water
Valley, western Utah,
1911.

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,
1918.

Selected coal-related ground-water data, Wasatch Plateau-Book
Cliffs area, Utah, by C. T. Sumsion, U.S. Geological Survey, 1919.

Hydrologic and climatologic data, southeastern Uinta Basin, Utah
and Colorado, water year 1911, by L. S. Conroy, U. S. Geological
Survey, 1919.

INFORMATION BULLETINS

*No.

*No.

*No.

*No.

1.

2.

3.

4.

Plan of work for the Sevier River Basin (Sec. 6, P. L. 566), U.S.
Department of Agriculture, 1960.

Water production from 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.

*No. 5.

*No. 6.

*No. 1.

*No. 8.

No. 9.

Developing ground water in the central Sevier Valley, Utah, by R.
A. Young and C. H. Carpenter, U.S. Geological Survey, 1961.

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.

Projected 1915 municipal water-use requirements, Davis County,
Utah, by Utah State Engineer's Office, 1962.

Projected 1915 municipal water-use requirements, Weber County,
Utah, by Utah State Engineer's Office, 1962.
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*No. 10.

*No. 11.

*No. 12.

*No. 13.

*No. 14.

*No. 15.

*No. 16.

*No. 17.

*No. 18.

No. 19.

*No. 20.

*No. 21.

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.

Consumptive 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
Agricultural 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-administration problems
in Cedar City Valley, Iron County, Utah, February, 1966, by J. A.
Barnett and F. T. Mayo, Utah State Engineer's Office.

Summary 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 pumping 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.

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 Reclamation, and J. D. Maxwell and B. L. Bridges, Soil
Conservation Service, 1971.

142



*No. 22.

*No. 23.

No. 24.

No. 25.

No. 26.

No. 27.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. LaPray, U.S. Geological Survey, 1972.

Bibliography of U.S. Geological Survey water-resources reports for
Utah, compiled by B. A. LaPray, U.S. Geological Survey, 1975.

A water-land use management 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 management 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. Razem, 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. Hamblin, U.S.
Geological Survey, 1980.
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